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DRUG SITUATION IN INDIA 




pOST-WAR reconstruction is now being freely 
talked of everywhere— in the Press, in the 
Radio, as well as in public platforms. A special 
portfolio has been created in the Viceroy's Cabinet 
on “Post-war Planning and Development", and one 
of our brilliant industrialists and organizers, Sir 
Ardeshir Dalai, has taken over charge of this impor- 
tant work. A special Committee on “Health Survey 
and Development" during the post-war period is 
carrying on its labours for nearly a year under. Sir 
Joseph Bhore. Of late, several foreign experts have 
come down to India to advise on the tentative re- 
commendations of this Committee. A scheme for 
a thorough educational reorganization to, remove 
mass illiteracy and bring India in line with other 
educated countries in the civilized world has already 
been mooted by Sir John Sargent, the Educational 
Adviser to the Government of India, and has been 
favourably commented upon. A Fertilizers Technical 
Mission has visited India to advise on the setting 
up of plants and equipment for the manufacture of 
nitrogen fertilizers in commercial scale for the deve- 
lopment of Indian agriculture. An Indian Scien- 
tific Mission has already left India for collecting 
first-hand information on future scientific, technical 
and industrial possibilities in this country, and an 
Industrial Mission consisting of India’s leading 
industrialists are planning to proceed to the United 
Kingdom and America shortly. 'Grow More Food’ 
campaigns have been started, and attempts are also 
being made to improve food technology and build 
up modem processed food industries in the near 
future in India. After years of inaction «and silent 
waiting, there seems clear, indication from all sides 
that there is a definite and an increasing awareness 
in India about need and more ample 

provision for may.be d^d^^ very primary 
requirements 


Medicine (3) Education and (4) Clothing. With 
the World War II coming to . its closing phases, 
India, like many other countries of the world, would 
have to re-adjust herself to a ‘new order’ and a new 
standard of progress, and it is a welcome sign of 
the times that she is at least attempting to march 
ahead with this objective in view. 

In any scheme of medical relief to the nation, 
drugs which are the chief weapons in our attack 
against malnutrition, disease and epidemics, would 
naturally form an important item for consideration. 
Next to the supply of food, the provision of medi- 
cines of good and dependable quality at a price with- 
in the reach of the poor masses of India is an urgent 
and imperative necessity. The question of drug 
supply, it need hardly be pointed out, is intimately 
related with any scheme of post-war public healtli 
planning and in every attempt that is made ‘to keep 
the nation fit’. It would be of interest, therefore, 
to review the drug situation in India, to see where 
gaps exist in the Indian drug industry and to focus 
attention on the directions in which the Indian drug 
industry should try to guide its activities, so that it 
will be able to discharge its responsibilities to the 
nation in a more adequate and fuller measure. 

Th® Recent Drug Crisis 

The world knows that Bengal was in the grip 
of a severe 'food famine’, but it is hardly realized 
that the ‘drug famine’ in Bengal was even worse. 
Those who have had something to do with relief 
organizations, medical aid-parties. Red Cross units, 
Ramkrishna Mission and other charitable organiza- 
tions working in the rural areas, where malaria, 
typhoid, cholera, dysentery and other fevers of un- 
Imown origin were devastating the country-side, and 
who were frantically trying to get supplies of drugs 
&om vap^ous sq^rces, to their cost the extent 
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and gravity of the Mrug famine’ that existed in 
1942-43. We have frequently read in the papers of 
the colossal death rates from food-famine, but no 
figures are available as to the extent that this mortality 
is referable to lack of treatment due to shortage of 
drugs. What is the cause of this shortage ? Why 
could not our Indian manufacturers rise to the occa- 
sion and supply the needs? 

The reasons arc obvious. In the- first place, 
India had depended for years on foreign imports for 
the supply of many of her essential medicaments, and 
consequently the drug industry in the country was not 
prepared to meet the needs in an emergency period. 
A reference to the sea-borne trade statistics of British 
India published by the Department of Commercial 
Intelligence and Statistics would show that as early 
as 1910 the value of imported drugs (including phar- 
macopoeia! drugs, essential oils, proprietary medi- 
cines, medicinal chemicals, toilet products, alcohol 
used in drugs, spirits for perfumery, etc.) was about 
Rs. 75 lakhs ; in 1937, the figure was about Rs. 285 
lakhs, a fourfold increase in 27 years. The import 
of foreign proprietaries into India amounted to 
Rs. 33 lakhs during the years i933-34> and thte 
figure rose to Rs. 73 lakhs within the next four 
years in 1937-38. Recent figures are not easily avail- 
able, but the^ is definite indication that up to the 
time when shipping facilities were available at pre- 
war level, India’s quota in drug import was not only 
quite heavy but was definitely on the increase almost 
every year. Secondly, the demand for drugs has 
increased tremendously, of late, due to the entry of 
foreign soldiers to conduct the war, exports by the 
air-route to China, and also due to the higher 
incidence, in general, of sickness amongst civilians 
in war-time. Thirdly, the fall of Java, Singapore, 
etc., has cut off a flow of certain essential crude 
drugs, c.g., cinchona, ipecacuanha, etc. and qui- 
nine from abroad to India. Fourthly, certain un- 
scrupulous Indian druggists are hoarding what drugs 
are already in hand for selfish purposes — ‘profiteer- 
ing*. The Government of India have taken steps 
to rectify the emergency situation by freezing essen- 
tial drugs, by imposing heavy penalties for hoarding 
of drugs and by devising ways and means to halt 
inflation by 'price control*. etc. In spite of all efforts 
however, there is clear indication to-day that the 
civilians are on the point of starvation as far as drug 
supply is concerned, because many of the essential 
items are not produced in India. One of the natural 
questions, that arises in this connection is w^hether 
or not the most useful drugs at least /:an be made 
in India. If so, the advantages are likely to be 
numerous, the important ones being self-sufficiency, 
low cost of production and certainty of delivery and 
distribution, a factor of no le^ importance in waii 
tinie. Besides, any experience gained now will 


greatly facilitate post-war reconstruction and pharma- 
ceutic development of Jndia. 

India’s Drug Resources and Their Utiuzation 

To give an opinion as to whether India is in a 
position to manufacture the most useful drugs, it is 
necessary to look into India’s drug resources and 
to review the extent to which such resources have 
been properly harnessed for the benefit of the popu- 
lation. Drugs are usually derived from four 
sources: — (a) vegetable, (h) mineral, (c) animal, and 
(d) synthetic sources. Recently another group of 
substances, (e) anti-biotics, which are the products 
of the growth of a particular class of fungus, e.g,, 
penicillium notatum and others, have been added to 
this list. ^ 

With regard to vegetable drugs, India’s posi- 
tion is pre-eminent. Leaving aside for the time 
being the large number of drugs used in the indigen- 
ous systems of medicine, nearly three-fourths of the 
vegetable drugs mentioned in the British Pharma- 
copoeia or the United States Pharmacopoeia grow 
wild and in great abundance in different parts 
of India. India possesses such wonderful variabi- 
lity of temperature, soil and climatic conditions that 
every conceivable drug, ranging from those growing 
in the hottest tropical climate to those growing in 
temperate and cold climates, may be made to grow 
in her soil. Moreover, a large number of plants 
grow in India, which, though not exactly the same 
as those ‘officially* recognized, have properties and 
actions similar to the imported and ohen expensive 
remedies and would form excellent substitutes. 
Examples of such druf^s are numerous but few im- 
portant ones which have been exploited to a certain 
extent, e.g., digitalis, ipecac, belladonna, hyoscyamus, 
nux vomica, ephedra, lobelia, pyrethrum, tephrosia, 
cinchona, etc. may be mentioned. During the pre- 
sent war, it is encouraging to find that these and 
other crude drug resources of the country are being 
Iwgely utilized not only for the preparation of tinc- 
tures, extracts, powders, etc., but also for the 
extraction of active principles, e,g., morphine, 
codeine, quinine, totaquina, emetine, strychnine, 
ephedrine, caffeine, santonine, etc. and for the 
preparation of organic acids, e.g., tannic, citric, 
etc. Many fixed oils e.g., chaulmoogra, castor i 
cocoanut, linseed, etc., and essential oils, e.g., 
chenopodium sandalwood, caraway, fennel, rose, 
cloves, cardamom, cinnamon, etc., of indigenous 
origin are also being widely used. A Carna- 
tic development of very great future promise* has 
been the artificial production of ergot of rye in the 
Nilgiri Hills for the first time in the history of India. 
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In the group of drugs derived from animal sources, 
considerable development has been made. It is a fine 
record of Indian industry that the world shortage of 
cod liver oil, which was bound to hjive a serious 
repercussion on the already low nutritional level of 
India, has been met here, at least to a certain extent, 
by the utUization of* the Shark liver oil. A satisfac- 
tory substitute for Spanish blister beetles {caniharis 
vesicaioria) has been found in Indian beetles of the 
type of Mylabris macilenta and local needs of can- 
tharidin have been met from this source. Glandular 
products, e.g., thyroid powder, adrenaline powder and 
posterior pituitary powder, have been successfully 
made from glands of animals from local slaughter 
houses. Huge quantities of liver extracts, both for 
oral and parenteral use, have also been made. Animal 
bile has been used as raw material for the prepara- 
tion of sodium taurocholate and glycocholate and its 
oxidation product, dehydrocholic acid. Attempts 
haye further been made, though as yet unsuccess- 
fully, for the preparatioil of sex hormones and atite- 
rior pituitary-like hormones from natural sources. It 
is understood that insulin has also been prepared but 
it is not yet to be seen in the open market. The most 
outstanding conrtibution in this field has been the 
development of the biological products, e.g., sera, 
vaccines, antigens, antibodies, bacteriophages, ^tc. 
for immunotherapy in its various aspects. What was 
at one time considered impossible to achieve in the 
hot and humid climatic conditions of Bengal has been 
successfully done, and to-day drug manufacturers in 
Bengal are almost in an enviable position with regard 
to their production capacity of antitetanic, antidiph- 
theric, anti-dysenteric and anti-streptococcic? sera and 
prophylactic and curative vaccines of every descrip- 
tion. 

In mineral wealth, India’s position has been con- 
sidered very satisfactory by a number of experts. 
Until recently, sulphuric acid manufacturers in Indki 
were importing nearly 25,000 tons of sulphur from 
Italy, Japan and America. India has deposits of 
sulphur (native) and also ‘pyrites’ in Baluchisthan, 
which if worked, would yield at least 36,000 tons 
of sulphur we need for the manufaciture of sulphuric 
^dd for use in pharmaceutical and allied industries. 
Antimony and arsenic are also available in quantities 
which ought to suffice for the needs of India in 
respect of organic arsenical and organic antimonial 
compounds for the , treatment of syphilis and kala- 
azar respectively, ^iver salts and its organo-metallic 
compounds, e.g., protargol, salts of zinc, copper, 
aluminium and tin, and permanganates from 
manganese have also been prepared from India’s 
mineral deposits. Irem salts and its popular scale 
preparations have been manufactured here. India 
lacks in adequate supplies of bismuth and mercury, 
but the quantities needed for pharmaceutical pur- 


poses are not of a magnitude which cannot be secured 
from the borders of Burma or China. 

Apart from these drugs of vegetable, animal, and 
mineral origin, India is very largely dependent for 
almost all her pure dnd heavy chemicals used in 
medicine and pharmacy and in analytical and scienti- 
fic work on outside sources. In the field of synthetic 
and chemotherapeutic products which stand at the 
forefront of modern medical progress and which 
supply more than half of the modern physician’s 
chemical weapons, this dependence is most evident. 
Practically the’' whole range of local anaesthetics, 
e.g., procaine, and the newer general anaesthetics, 
e.g., divinyl ether, cyclopropane, etc., the whole 
group of analgesics and anti-pyrctics, e.g., anti- 
pyrine, phenacetin, etc., the recent diuretics, e.g., 
mersalyl, salyrgan, etc., many hypnotics, e.g., the 
barbituric acid derivatives, (only veronal has Ixjen so 
far prepared), many stimulants and analeptics, e.g., 
leptazol, nikethamide etc., vasodilators, e.g., choline 
chloride, amyl nitrite, benzyl benzoate, etc., almost 
all germicides, fungicides and parasiticides, e.g., man- 
delic acid, chloro-cresol, mcrthiolate, phenyl mercuric 
nitrate, etc., the constantly growing series of dye- 
.stuffs, e.g., azo dyes, acridine and rosaniline dyes, 
for surface application and for diagnostic, prognostic, 
and radiological purposes, many essential oils, vita- 
mins and anti-bacterial agents, e.g., the sulphanila- 
mides, etc., — to mention only a few — must come from 
abroad to maintain the health of her countless 
millions. That it is possible to manufacture most of 
these in India and that qualified tcchnics^l personnel 
are now available to undertake such .synthetic and 
analytical work are shown by the fact that already 
such, drugs as carbarsone, iodochloroxyquinoline, 
chiniofonum, atophan, sulpharsphcnamine, urea sti- 
bamine, the sulphanilamides and atebrin have been 
manufactured on a laboratory and semi-commercial 
scale in India. Sex hormones of the type of stilboes- 
terol and hexoesterol, thyroxine, and the adrenal 
cortical hormone, desoxycorticosterone, have also 
been synthesized in a small scale in certain university 
laboratories. Attempts are being systematically made 
for the synthesis of adrenaline from catechol. The 
greatest gap in Indian synthetic xhemistry at the 
moment is in the direction of the synthesis of the 
vitamins. Thiamine chloride (vitamin B^), riboflavine 
(vitamin Bj), nicotinic acid and nicotinamide (P — P 
factor), pyridoxine (vitamin Be), ascorbic acid (vita- 
min C), and methyl napthoquinone (vitamin K-like 
substance), which have already been manufactured by 
synthetic processes in America and elsewhere, have 
not been attempted in this country, excepting per- 
haps nicotinic acid which is reported to have been 
prepared from tobacco wastes. Vitamin A concen- 
trates and vitamin D are also being made by molecular 
distillation of fish liver oils in a Hickman Still in 
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America. This has been attempted in one re- 
search' institute in India but has not yet been a 
success. All these things which have been made else- 
where and the processes regarding the manufacture 
of which are already well-known and are available' 
from recognized sources, can be easily produced in 
India provided there is proper stimulus and leader- 
ship and a collateral development of chemical and 
technological industries in this country. 

Production Tarort to br Aimrd At 

Within the last 30 years, thanks to the enterprising 
spirit of some prominent chemists and medical men, 
the drug industry in India has develoi^ed fairly well, 
particularly in the provinces of Bengal and Bombay. 
It will be admitted on all hands that during this war 
India’s drug production capacity is on a much higher 
level than during the last war. The total Indian 
output is, however, very small compared to the size of 
the country and its large population. The Indian 
public are becoming more and more conscious of the 
wonderful achievements of ‘modern medicine’ (not 
‘Allopathy* which is almost extinct now), chemothe- 
rapy, modern surgery and obstetrics, and are gra- 
dually showing preference for this system of treat- 
ment over the old indigenous systems of medicine, 
e.g.. Ayurvedic, Unani, Hakimi, etc., which used to 
claim as their adherents nearly ninety per cent, xjf 
India’s population until the beginning of this century. 
A naturally growing demand for modern drugs is, 
therefore, slowly but surely being created. If, 
as is expected, as a result of international trends 
towards socialization of medicine and the recom- 
mendations of the ‘Health Survey and Develppment 
Committee’, public health and medical care become 
a Governmental function immediately after the war 
is over, India can easily look forward to an enormous 
drug market within her own borders. For a very 
much smaller population, Great Britain incurs an ex- 
penditure of ;C8o,ooo on drugs, medical research, etc. 
under the National Health Insurance Scheme. If 
we calculate the cost of medical relief and medi<^ 
care of the Indian population under a similar Healm 
Insurance Scheme at the modest estimate of 0*1 per 
cent, of the national income (estimated by Sir J. C. 
Ghosh at Rs. 65 per head per year), India would 
require supplies of drugs and other medical requisites 
valued at s* crores of rupees. Considering the low 
nutritional status of the Indian public and their still 
lower resistance to disease and infections, protective 
drug therapy with vitamins and preventive inocula- 
tions with vaccines against'* typhoid, cholera, dysen- 
tery, etc. may have to be carried on by the Govern- 
ment with more emphasis than in Great Britain 
and in Ani<j||pi at least for the next 15 years during 
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the post-war period. All these st^s would 
naturally require far more energetic drug production 
than at present. Apart from State needs, there will 
be private needs for drugs also, whose proportions 
cannot be ignored. With better industrial develop- 
ment and increase of agricultural resources, India’s 
buying capacity for drugs would undoubtedly 
increase to at least 10 times more than at present.^ 
The scope of expansion and further development 'of 
the Indian drug industry can, therefore, be easily 
imagined. It is not enough to supply a fraction 
of the -requirements of the people, as at present, but 
the aim should not only be to attain self-sufficiency 
but also to develop an export trade, at least in 
vegetable drugs. 

During recent years, there are welcome evi- 
dences of rapidly growing, though often spasmodic, 
interest in the building up of newer drug manu- 
facturing industries from the raw materials available 
in this country. While this is a very hopeful signf 
and is a move in the right direction, it cannot be 
denied that because of lack of proper organization, 
many such efforts are not meeting with the success 
they deserve. The development of drug industry, 
unlike most other industries, is not merely a function 
of capital and labour and cannot be done by amateurs 
and novices but should be established on scientific 
lines under the expert guidance of chemists, chemical 
engineers, pharmacists and pharmacologists possess- 
ing a good knowledge of the technology of the indus- 
fty. This is not often appreciated by many of the 
Indian industrialists and capitalists who want a 
quick turnover and a rapid piling up of their bank 
balances, not by the slow and often tedious scientific 
methods but by ‘magical’ methods. Once this atti- 
tude changes, substantial progress will surely be 
made. The field is so vast in India that there is 
no fear of ‘internal* competition for years to come. 

Drug Industry’s Difpicultirs 

The difficulties in the way of arriving at this 
target are many and varied. Some of the major ones 
may be briefly mentioned here. 

(A) Lack of development of chemical and allied 
industries: — 

(1) Chemical industry , — ^As drugs are primarily 
chemicals, their manufacture will naturally be con- 
ditioned by the development of the chemical industry 
in general. Most of our leaders cry themselves hoarse 
complaining against the poor development of pharma- 
ceutical industry in this country and are often in the 
habit of la3ring the blame at the doors of our phsnffo- 
ceutical manufacturers. They fail to realize -that 
pharmaceutical manufacture is only the fiiml^sta^ of 
an industry whose roots are deesls? lidd in ^ chemi* 
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cal industry. I^ike tailors wcarking on cloth made 
in a separate factory « pharmaceutical manufacturers 
have to carry, on their work with chemicals produced 
by the diemical industry. In no country in the world 
pharmaceutical industry can be self-sufficient with 
regard to all its needs, and it has always depended 
primarily on a well-developed chemical industry. In 
most instances, pharmaceutical industries are really 
outgrowths of dye, coal-tar and heavy chemical 
industries. The great Bayer Corporation of Germany 
was initially a ‘Parbenindustrie’ (a dye-making 
corporation). In India^ we have to face the peculiar 
situation of the cart (pharmaceutical industry) 
coming before the horse and this is the most im- 
portant reason for the lack of development of India’s 
pharmaceutical industry. 

From the view point of drug production, the 
chemical industry may be divided under the following 
heads: — (i) Inorganic — metals, acids, salts, alkalies, 

• etc. (2) Organic — (a) acids, alkaloids, sugars, essen- 
tial oils of vegetable origin, etc. ; (b) fermentation 
industry ; (c) coal-tar distillation products, and (d) 
synthetic organic chemicals, particularly solvents, 
and the industries dependent upon them. India has 
good potentialities in most of these branches, but 
much remains to be done, though in many cases the 
fringes of the problem pertaining to some solvents, 
glycerine, sulphuric aejd, magnesium sulphate, coal- 
tar distillates, certain essential oils, and ^fermentation 
products have been touched by progressive manufac- 
turers. To give one example, India imports dye- 
stuffs of coal-tar origin worth about 3 crores of rupees, 
but only about 60,000 tons of coal-tar are distilled 
all over India yielding benzene, toluene, phenol, 
cresol, naphthalenes, anthracene, pyridine, etc. 
If sufficient supplies of these were forthcoming dye 
intermediates, viz., aniline, alkylamines, toluidine, 
etc., could have been easily prepared. If inor- 
ganic heavy chemicals, e.g., caustic soda, nitric 
add, etc., and organic solvents were simultaneously 
available, India could produce at least some chemo- 
therapeutic items of urgent need. The position with 
regard to organic solvents barring alcohol is also very 
deplorable. Fortunately, attention has already been 
drawn in this direction, and before long, alkali and 
bleaching powder industries -are likely to be placed 
on secure foundation in India. 

(«) Glass indiwtry.— The development of glass 
industry has a very important bearing on drug 
industry. The “ ‘container’ problem is extremely 
important. Here considerable progress has already 
been tnadui and more is likely to come through, the 
eflorti .of the Board of Scientific and Industrial 
Reaetrdir 

. (<fi) ToiM ami perfumery industry.-— These in- 

du|toier «e almost Imnd-maidens to drug industry 


and are mutually inter-dependent. Certain amount 
of success is already evident, but a bright future 
depends on collateral developments of essential oil 
industry, glass industry -and a general improvement 
of the economic status and buying power of the 
community. 

(iv) Textile industry . — For surgical dressings 
and gauges, etc., cotton and textile industry must 
provide the requirement. This is already developed 
in India and no difficulty need be anticipated in this 
direction. 

(B) Other Associated Difficulties: — 

(i) Paucity of reliable raw materials . — One of 
the chief difficulties which have confronted the manu- 
facturing chemist and pharmacist in India for some 
time and which is still unsolved is the question of 
procuring reliable ‘raw materials of standard quality’. 
India . possesses vast resources of medicinal plants, 
but the sources of supply of crude drugs have not 
been fully explored. There is as yet no reliable 
organization in India for the collection of drugs in 
proper manner with adequate arrangements for their 
drying ‘curing’ and storing, and later distribution to 
manufacturing chemists through a regular channel. 
Except in. the case of a few reliable drug dealers, 
most of the trade in crude drugs is carried through 
the agency of middlemen who have hardly any bota- 
nical or pharmacognostic knowledge of the drugs 
they deal with. There is no organization such as 
the 'Bureau of Plant Industry’ of Soviet Russia and 
America, which gives advice and encourages the 
cultivation of medicinal drugs and takes charge of 
their distribution to manufacturing centres, through 
a central agency. The result is that the manufac- 
tilrers are expos^ to all sorts of trickeries and frauds 
in their drug purchases, and unless they can keep 
\veli-equipped laboratories for pharmacognostic test- 
ing (with resulting increase in the cost of the finished 
products, they are forced, often without their know- 
ledge) to use low^-strength and deteriorated crude 
drugs. 

(it) Transportation problems . — ^This is another 
difficulty in such a vast country as India, where the 
sources of raw materials and the factories w^here they 
are finally processed are often hundreds of miles 
away. This adds greatly to the cost of manufac- 
ture. In spite of vehement advocacy of the Indian 
Chemical Manufacturers’ Association to institute 
preferential railway rates for crude drugs and other 
items used for the preparation of medicines, 
the situation has not so far been remedied. During 
pre-war days, Strychnos nux vomica seeds growing 
in the Mayurbhanj State used to be sold in the 
London drug market at half the price at which these 
could be purchased at Calcutta. During the present 
war, the transportation problem has assumed even 
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more serious proportions. Apart from the question 
of railway rates, the question of transport 'priority' 
has arisen. Crude dru^^s are not considered on the 
'first priority* list, and as such, there is quite often 
considerable delay in the rlespatch of crude drugs 
to the ])roducing factories. 

(iii) Excise control . — Manufacturers and distri- 
butors arc greatly liaiidieapped due to difTerences in 
the Provincial Kxcisc Regulations. Wliile it is not 
our jnirpose here to go into the details regarding 
the intricacies involved in this question, it is im- 
portant to i)oint out that lliis is a source of financial 
loss to many drug nianufacturing concerns. The 
inter-provincial inoveiiicnts of spirituous prepara- 
tions are beset with difficulties due to excise restric- 
tions which should be removed as soon as possible. 
Another difficulty is tliat under the present regula- 
tions, all research and analytical works carried out 
by private manufacturers have to be performed with 
duty-paid spirits. The same statement holds good 
in the ca.se of alcohol used for the manufacture bf 
alkaloids and for other extraction i»ur|)oses. These 
naturally add to the cost of the finished products 
issued from the indigenous drug manufacturing 
houses. 

(iv) Lack of machinery and other, technological 
cquitymc'nts. - There is at [^resent no department of 
chemical engineering in this country which caii 
successfully undertake the designing and running of 
commercial jdants suitable for the manufacture of 
drugs. Part of the difficulty met by manufacturers 
in increasing ]»roduction during this war had 
been due to the difficulty in obtaining even 
ordinary drug manufacturing cfiuipiiients, c.^., 
mixers, stills, dryers, filters, tanks, vacuum pans, 
refrigerators, autoclaves, incubafijrs, sterilizers, high- 
speed motors, vacuum dryers, and a host of others 
required in every-day work. If all these have to 
be imported from abroad, progress will naturally be 
hampered. Kveii if all these were possible to im- 
port, the (juestion as 'to the installation and proper 
operation of newly imported machinery by Indian 
technicians would .still remain a major difficulty. 

Indian Drpc; Industry nkkds a Nkw Outlook 

There may be many other difficulties of the drug 
industry whicli, as a laboratory worker, the writer 
is not in a i)osition lo anticii)ate. Some of these 
can be easily remedied by concerted actions, while 
others will take i)robal'ly .several years and might 
require vState interventi«)n for their successful solu- 
tion. These difficulties do not, however, aiqjcar as 
insuperable barriers to the development of a virile 
drug industry in this country. 

What the Indian drug industry is now suffering 
from, at least in the opinion oi the writer, is not 
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a physical difficulty in her production and develop- 
mental problems (which should not, as has been 
shown, necessarily be ignored), but a mental difficulty 
(using both the words in figurative sense) in its ouL 
look. A forward outlook which the Indian drug 
industry should develop, if it wishes to keep itself 
abreast of modern times, is that it is predominantly 
a public health industry. Unlike many other in- 
dustries which cater to the comfort and luxury of 
the public or to the common utilities of modern civi- 
lized existence, drug industry caters to the vital 
health needs of the nation. It has, consequently, a 
bigger and nobler responsibility lo fulfil. It should, 
therefore, develop the binocular outlook — of an 
ordinary industry interested in money making, 
as well as of an industry which is an essential cog in 
the wheel of the public health machinery of the 
nation. If this outlook is fostered, many troubles in 
connection with adulteration of drug.s and a spurious 
drug trade will disappear. Indian drugs would be 
considered more worthy of use by the Indian doctors, 
and faith and reliance on Indian products will reign 
.supreme where suspicion and confusion now exist. 
I'or future success and for withstanding post-war 
competition, Indian drug industry must actively carry 
on their educative propaganda to build the 'Home 
Front*. It must remember only one slogan — there 
are no two qualities in drugs. A drug is either good 
or bad and cannot be classified in any other third 
category. The aim should be to produce only 
the good quality and to see that the same reaches the 
consumer in the same quality without being tamper- 
ed in any way in retail trade and by iniddlcmcn. 

There is another aspect which appears also to 
have been missed by t!.e drug industry in this 
country. Being a ]>roduct of the two World Wars, 
Indian drug industry has been thinking only of 
deficiencies and shortage problems —it has been look- 
ing to the ‘minus* phase and not to the ‘pins* phase 
of its growth It has always been trying to produce 
items which are in shortage and in immediate 
demand, and for this purpose it has done quite a little 
up- hill work in the mobilization of capital, equip- 
ment and expert personnel from all over the country. 

It has done a goixl job for the present, but, as is to 
be expected under the circumstances, it is frankly 
lacking in that stability and balance which charac- 
terizes a w’ell-planned and w^cll-organized peace-time, 
industry. It is already showing many hiatuses in 
its pattern of grow^th and so far has not showm any 
vision for the future. Indian drug industry to-day is 
really a 'developmental drug industry* where only 
'drugs of today* are being produced on a copybook 
basis, but is not a 'creative drug industry* where new 
agents and 'drugs of to-morrow* for the alleviation 
of yet ^incurable diseases can be manufactured. 
Modern medicine and therapeutics are progressing 
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rapidly, and an industry which ultimately aims to 
supply the needs and requirements of such scientific 
practices can ill afford to be backward and undergo 
the risk of being wiped out sooner or later. In 
India, the capitalists and industrialists are largely 
ignorant of the r 61 c of science in industry and arc 
apt to think, that any expenditure on scientific and 
research projects are unjustified and unnecessary. 
Fortunately, this attitude is fast disappearing, and 
progressive drug manufacturers are increasingly con- 
centrating on research inside their own manufactur- 
ing concerns and also promoting researches in Gov- 
ernment institutions and university laboratories. 

Wanted a National Institute eor Druc; Resh:arcu 

Pieceiiieal grants of money and haphazard re- 
search projects arc not, however, going to solve the 
most difficult problem of finding new curative agents 
of the lyj)e of urea stibamine of Brahmachari every 
day. What is nee/led is a compreliensivc long-range 
l)rograniine and planning with a vision for the 
future. The writer is of the opinion that, in addi- 
tion to researcli organizations supported by the in- 
dustries themselves and the Government institutions 
that are already existing, there is an urgent need for 
the establishment of a well-equipped and well- 
endowed National Institute for Drug Research where 
a (luadrangular collaborative scheme between botany, 
chemistry, i)harmacology and clinical medicine can 
be fostered. This concept has been elaborated by 
the writer in his Presidential Address for the vSection 
of Physiology entitled ; “The vSeope and Future of 
Pharmacology in lndia“. If India is not to remain 
content by manufacturing only the substiiutes of 
what has already l)een done in foreign countries, 
and if she has to forge ahead in the elaboration of 
new drugs and medicaments- for the relief of human 
suffering, she must come forward with a well- 
organized policy for the creation of one or more 
National Institutes for drug rcvsearch where every 
facility will be provided for a collaborative effort be- 
tween the various groups of scientists that arc needed 
in the evaluation and ultimate clinical use of un- 


known drugs obtained either from the natural sources ’ 
or as a result of synthesis in the laboratory. l\.K])en- 
diture on drug research is not money lost but will 
pay a large dividend in years to come, as has been 
.shown from the exiKTiencc of such firms as the 
Bayer Co. of Germany, Parke, Davies and Co. of 
America and the Burroughs, Wellcome and Co. of 
Itngland . 

If the drug industry is developed on sound 
and ethical lines, there is every reason to ho])e that 
it will help India’s economic progress by utilizing 
the raw materials i)roduced in the country, will give 
.stimulus b) India’s chemical and coal-tar indiistrie.s, 
will throw open avenues of employment to a very 
large number of educated Indian youths and will 
raise the standard of living generally. vState help 
and protection wherever necessary Ijave been accord- 
ed to national drug and chemicar indiislfies in all 
progressive countries of tlie world, as this is pre- 
dominantly a liublic health project and is not just an 
industry for increasing the wealth of the nation. 
Drug industry need not worry al)out vSlate aid. In 
the new world order which is fast coming after the 
war, there will automatically be a new (jiitlook on 
things. It will not then be difficult U) realize the 
need for protecti(jn of the drug industry by the vState 
in the same way as a protected water .supply, pre- 
ventive vaccination against small pox, typhoid, 
dysetery, rabies, yellow' fever, etc. These functions 
have already been taken over by the State. It is 
only the next stej) for the State to protect the popu- 
lation from food deficiencies by the manufacture of 
vitamins and to j)rolect public health by eliminating 
infectious diseases through projier manufacture and 
distribution of csseJitial life-saving drugs. Drug 
industry, seen in this outlook, is really heli)iiig in 
one of the major functions of a modern enlightened 
State and should receive its major attention and 
guidance. Sir Ardeshir Dalai may well consider in 
his ‘Policy Committee on Industries* the early 
establishment of a si)ecial ‘panel’ for drug industry. 
The time is more than rii)e for such a step." 

li. Mukerji 


COST FACTOR IN THE ELECTRICAL DEVELOPMENT OF INDIA 

N. C. SAII.X, 
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TN a recent ‘ article in Science and Culture 
(August, IQ44), Professor M. N. Saha has rightly 
stressed the urgent, importance of the electrical deve- 
lopment of India as the first s^tep towards the indus- 
trialization of the country and consequent recovery 


fronr the economic stagnation. The object of the 
present article is to give some idea of the capital ex- 
pen.se of a scheme of electrification as well as the price 
at which a unit of energy may be sold, with a view 
to promoting greater interest in the above scheme. 
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Capital Cost 

The provision of loo additional units of energy 
per head of population annually, as recommended by 
the National Planning Committee, will be the starling 
point in the estimation of the capital cost. For 
reasons stated afterwards, this will first be derived 
with particular reference to Bengal, from which will 
be deduced the capital requirement for the electrifi- 
cation of the whole of India. 

On the assumption that Bengal has a population 
of 70 millions, the total number of electrical energy 
units that has to be supidied is 7000 million per 
year. 

The determination of kw caiiacity of a plant 
for the delivery of a given mimber of energy units 
per year re(iuires a knowledge of (a) Load Factor, 
(b) Efficiency of Transmission, and (c) Power P'actor 
of the L<!>ad. These can only be estimated from an 
analogy with similar data available in other countries 
after due consideration of the local factors that may 
affect the data. 

The load factor* plays by far the most important 
role in the economics of an electric power plant. 
A kw plant, for instance, if it delivers its full 
capacity throughout the year can bring in revenue 
for 8760 units. On the other hand, if the same 
plant works at full capacity for 3000 hours during 
a year or at half its capacity for 6000 hours, on 
account of the vagaries of load, it can sell only 3000 
units. Therefore, to get the maximum benefit out 
of a given plant, greatest care is to be taken to 
ensure that the power plant works at near its full 
cai)acity for the maximum number of hours. 

The following tables give the position of the 
electrical power industry in general, and of load and 

T.\BLK 1. 

Elkctric Powkk Industry in (iKK\T Britain 


Year 1 

1 

I^nergy 

generated 

^million 

Maxni. 
deniand 
(mil lion 

riant 

capacity 

(iniUion 

Load 

factor 

Plant 

factor 

i 

kwli.) 

kw) 

^w.) 

7o 


1923 

5,250 

205 

3-4 

29 

Ml 

1928 

9,324 

3-37 

5-80 

31-6 

18'3 

1933 

13,600 

4-8 

7 85 

32 

19-8 

1938 

24,372 


8-26 


B35 


plant factors in particular, of Great Britain and 
U.S.A. from 1923 to 1938 at intervals of 5 years. 


♦T/oad factor 

Plant factor 
Reserve capacity of 
plant 


T otal energy 

Maximum demand in KWx8760 

Tota l e nergy generated 

Plant capacity in KW,x8760 

Load hwtor _ . 

Plant factor 


TABLE 2. 

Ki,ecTRic PowKi^ Industry in U. S. A. 


Year 

Energy Generated 
(miilion kwh) 

Plant Capacity 
(million kw)^. 

Plant Factor 
% 

1923 

55,665 

17-46 

^ 381 

1928 

87.850 

29-63 

35-0 

1933 

85,402 

36-04 

270 

1938 

111,498 

36-52 

350 


The maximum demand on power plants in U.S.A. 
is not available, but the load factor of that country 
can he guessed from the ratio of plant factor to load 
factor of Great Britain. 

In Great Britain and other western countries, 
the two aspects of the dome.stic load c.g., lighting 
and heating, go hand in hand with the re.sult that 
the domestic load imposes a very severe demand on 
l)Ower supply in winter, but assumes quite a small 
magnitude in summer. Hence the load factor is 
inherently poor. In India, on the other hand, the 
increased lighting load due to the longer hours of 
darkness in winter is more than offset by the increase 
in the airconditioning load (refrigerators, fans etc.) 
in summer. This seasonal uniformity of the domestic 
load will have a beneficial effect on the load factor. 
Willi reasonable development of industry, by the 
time the electrification schemes come into full 
operation, a load factor of 33 may not be above 
the ambit of attainment. 

With planned development of the electrical 
power industry whereby not only generation and dis- 
tribution but also consumption become an integral 
part of the scheme of electrification, a much better 
utilization, and hence .iiuch higher load and plant 
factors, may be attained. In Soviet Russia, for 
instance, wJicre electrical development has taken 
place on these lines, the plant factor in 1935 was 
45*8% and was steadily increasing. 

The transmission efficiency is expected to be in 
the neighbourood of 80%. For the present rough 
calculation, the effect of lower power factor on the 
increase in the capital cost is neglected. Hence the 
maximum demand on the plant for the supply of 
7000 million units is given by : 

Maximum Demand = ^ -5-7 — — ’ 

o 80 8760 X o 33 

~3‘o million kw. 

The cost per kw of installation of a thermal 
station in Great Britain in 1926 was ;£i5 while tliat 
for transmission and distribution was which 
allowed for final conversion into D.C. current. Hence 
capital cost of plant, including generation, trans-* 
mission and distribution, was >£33 or about Rs. 440 
per kw. Post-war installations which not only in- 
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corporated normal peace-time progress but also much 
accelerated technical development during the war 
period will, it may be expected, cost approximately 

350 per kw of which Rs. 160 may be apfjortioiicd 
to generation and the rest, Rs. iqo to transmis.sioii 
and distribution. 

Hence the electrical development of the pro- 
vince of Bengal on the lines suggested by the 
National Planning Committee will entail a capital 
expenditure of 105 crores of rupees. 

The above estbnation is particularly applicable? 
to Bengal where, because of the flatness of the 
country, super thermal stations and not hydro-electric 
stations will predominate. The proximity of coal- 
fields also militates against large scale hydel |>rojects 
in Bengal. This, however, does not preclude the 
possibility of development of some of the notorious 
rivers such as the Damodar and the Tista, but the 
primary purpose thereof will be flood control, preven- 
tion of soil erosion, irrigation, navigation, and con- 
trol of malaria. Certain amount of electrical energy, 
of course, may be derived from such schemes. 

The fact that thermal statioTis are more amenable 
to accurate estimation has induced the autlior to 
consider the province of Bengal alone in his cal- 
culation of the cost factor. The capital cost of 
hydro-electric projects which will play a predominant 
role in other parts of India varies between wide 
ranges depending on the nature of the scheme. For 
instance, the hydel .scheme for the development of 
the natural power resources of the Highland of 
Scotland is estimated to cost £^o million for the out- 
put of 450,000 kw (Rs. 9(X)/kw) while a hydel project 
for the installation of 1,125,000 kw in Canada will 
cost only £26^4 million (Rs. ;,jo/kw). It may, how- 
ever, be roughly gucs.sed that the execution of the 
.scheme of electrification as recommended by the 
National Planning Committee e.g., for the supply of 
40,000 million units, requires the installation of 
20 million kw at a total cost of tooo crores of rui)ees.*^' 
(This allows a reserve capacity of 17^^% on the load 
factor of 33%- -in other words, it allows a plant factor 
of 29%). Starting practically from void, Soviet 
Ru.ssia attained an output of nearly 40,000 million 
dnits in 1937 end of the Second Five Year 

Plan. Cannot India with 2% times the population 
of Russia emulate this pioneering enterpri.se of 
Russia and reach the same target in the course of 
the next 10 years? 

^RICE OF A UNIT OF EUECrRlCAI. ENERGY 

While capital cost is mainly a concern of a select 
few', the price at w'hicli a unit of energy may be 

•This presumes^ a ratio of 3 kw hydel power to I kw 
of thermal power, generation per kw of the former being 
assumed to cost Rs. 350 . 


sold is of paramount imi^ortancc to every potential 
consumer. As such, any discussion on the co.st factor 
of the electrical development will be inconiidete 
without a reference to the price at whicli a unit of 
energy may be sold. 

This thorny problem can only be deidl with 
from an analogy wdlli data available in the electri- 
cally developed countries. 'Hie present treatment of 
the subject is based on the British practice with jjarti- 
cular reference to ‘Costs and Tariffs in J\lectricitv 
Sni)ply’ ])y D. J. Bottf>n, Electricity Commissioners’ 
Reports (of (beat Britain), and ‘(jcneration. Trans- 
mission, and Distribution of f^lectrical Power’ bv 
A. T. vStarr. 

In the calculation of the ca])ilal charge, an 
interest of 5% has been allowed on the cai)ital oiitlaj' 
and .sinking fund. The life of the generating ])lant 
(including machinery, land, building) lias been fixed 
at 20 years and that of the transmission and distri- 
bution cfiuipment at 30 years. The ])rice of i-oal is 
taken to be Rs. 5/- per Ion. The following analysis 
of the cost of unit of electrical energy applies U> a 
super thermal station of 100,000 kw capacity or over 
with a load factor of 33%. 


T\BLE 3. 

(.1) Cost of generation 

Cost of fuel at - 5 of coal per unit ... OM As. 

Salaries and wages Rs. 4-.S/kw ... 025 ,, 

Oil, water, stores, maintenance Rs. 4 5/kw 025 ,, 
Management, rates, rent for generation 

Rs. 50/kw ... ... ... 028 ,, 

Interest on Capital Rs. 8 0/k\v 045 ,, 

Depreciation on inacliinery ... ... 026 ,, 

Total cost of generali(>n 0-203 

{Jh I’ost of disirihutiofi 

Transmission losses ... ... 013 As. 

Co.st of management Rs. 8 0, kw 044 ,, 

Cost of iiiainlenaiice Rs. 7-0/ kw ... (k?S ,, 

Kates and rent ff>r dislrilmtifui Rs. 80/kw 0-44 ,, 
Interest on capital Rs. 0-5 /kw 052 ,, 

Depri’ciation on ecinipment Rs. 2 7/kw . 015 ., 

Total cost of distribution ... 0-206 

*C) Miscellaucous expense^ ... 001 

Average cost per unit ... 0-5 


The a!>ovc calculation does not allow for reserve 
idle capacity of machinery which is essential for con- 
tinuity of supply, nor docs it iiicltide profit save 5% 
interest on capital charge. Accidental damages such 
as are caused by lightning and fire have also to be 
])rovided for. These necessitate the inclusion of 
•oQT As. per unit as miscellaneous charge which not 
only covers the above items but also such sundry 
items as sales exi;)cnses. An average charge of 0*5 As. 
per unit may be taken as a rough approximation of 
the price that may prevail in India if the electrical 
development takes place on the lines suggested by 
the National Planning Committee, 
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A domestic consumer, because of the uneconomic 
nature of his load, may have to pay a charge of 
one anna per unit or even more. A large industrial 
concern, on the other hand, with a higli load factor 
and a large consumption of energy may pay only 
0*25 As. per unit. The tariff must be fixed so as to 
encourage high load factor of peak energy consump- 
tion and a good power factor. In the following table 
is given a tyincal tariff for the different categories of 

TABLli 4. 


Items 

Units .sold 
(million 
kwli) 

%o{ total 
inits sold 

Avt'rago 
price 
(pence 
per unit) 

Revenue 

Lighting & Domestic 

2306 

26- 1 

305 

55- 1 

Public Lighting 

128 

If) 

P69 

19 

Traction 

710 

9 1 

0*88 

5-5 

Power 

4927 

6.32 

0-86 

37-5 


consumers, that was actually in operation in Great 
Britain in 10.18 when the average price of unit was 
1-37 d. 

The above figures (Table 3) are a sober re- 
minder to many well-intentioned persons who 
declare that electrical energy may be sold in 
this country at 025 pice or so. Conversion 
into electric energy re<juires expensive machi- 
nery while efficient distribution ^ in particular 
demands a highly technical staff. The interest 
on the enormous cajiital expenditure, depreciation on 


in the price per unit which could be effected would 
be no greater than could be obtained by increasing 
the assumed load factor from 33 to 39%. 

This clearly .shows the extreme seriousness of 
load factor on the cost of the electricity supply. 
With hydel stations the importance of load factor 
becomes even more pronounced. In the following 
table (Table 5) is given the effect of load factor on 
the price of unit of energy, the various charges being 
the same as given in Table 3. 

'J'hese calculations claim to give nothing more 
than a mere glimpse of the economics of generation, 
tran.smis.sion and distribution as may apply to India. 
Complete details have been purposely ignored with 
a view to jircsenting a comprehensive picture of the 
cost machinery without sacrificing the essential 
factors. 

CoNctuDiNG Remarks 

W’hat, it may be asked, is the justification of a 
scheme of electrification which entails such huge 
expense? Brieffy, electricity is the life-blood of indus- 
try which is the mainstay of the economic vStnicture 
of a country. Electricity is the power behind the 
economic regeneration of a backward country, it is 
the light that can relieve the gloom of national 
poverty. In fact, as Prof. vSaha has aj)tly pointed 
out, the prosperity of a nation is directly propor- 
tional to the ‘‘Energy-Index** i.e., the amount of 
energy consumption per capita. Any capital outlay 
in the electrification of India is, therefore, a national 
asset of the first magnitude. 


^ TABLE 5 


Ivoad Factor % 

10 

20 

1 

30 

j 40 

50 

1 60 

70 

80 

90 

100 

Price per unit (As.) 

1-497 

0-782 

0-.M4 j 

i 

0-425 

0-353 

" ■ 

o^as 

0-271 

0-246 i 

0-226 

0-210 


machinery, and salary of staff arc the big items which 
ultimately must be paid by the con.sumcr. It may 
be seen that fuel accounts for only 15% of the total 
cost. Indeed it is a striking fact that even if collieries 
produced coal for nothing and railway companies 
charged nothing for carrying it, the total reduction 


It is highly significant that the Bombay Plan 
has given first priority to the electrical development 
of India. Indeed electrification of India cannot but 
occupy the first place in any programme of cconoinfc 
development of India, which aims at the realization 
of tlie national goal of freedom from want. 
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THE FOOD VALUE OF FISH 

K. V. GIRI 

DKI’AKTMKNT of mOCHRMWTKV, IMUAN INSTITLTR OF SClhXCI':, HANOAJ.OKR 


rpUR problem of ensuring adcfiuatc food supply 

and production is one of supreme importance at 
the present moment. In the countries involved in 
the War considerable interest is being shown in the 
physical fitness of the population as a whole. This 
lias given a fdlip to nutritional studies. It seems 
desirable at this stage to bring together the most 
important facts relating to the food value of fish in 
a concise form for the use of workers interested in 
food problems. The importance of this is the greater 
since attempts are now being made in India to for- 
mulate a food policy for the production and control 
of foodstuffs, and for improving nutrition in war, 
which should be permanently recognised as a part 
of national policy. This survey of the subject is not 
intended as an exhaustive treatise of all the work 
done on the subject. It is proposed to include only 
that work w^hich is of immediate importance at the 
present moment, with special reference to India. 

Next to agriculture and livestock fisheries con- 
stitute the most • important industry and source /)f 
human food. Oreat Britain, Japan, United States, 

1 'ranee, Russia, Spain, Portugal and Norway are the 
most important countries in which fish constitutes a 
valual)le food. In Japan and Norway, the marine 
fisheries occupy a j)lace of coiisidewblc importance, 
liecausc of the very limite^l extent of cultivated land 
available for growing enough food for the popula- 
tion. In sjiite of the small landed area, Jav)an has 
a coast line of 20,000 miles in extent, 'fhe fishing 
industry has made rapid strides in recent years and 
has become a highly important source of economic 
wealth to the Japanese. It is reiiorled that between 
the years igo6 and 1933, the ntimber of motor fisliing 
boats in Japan increased from r to It has 

been estimated that nearly two million men are 
engaged in fisheries in Japan. It has successfully 
tackled the problem of supplying the densely 
lated country in whiiii the population increased by 
one-fourth during the years 1912-1927, with enough 
food by increasing fish production three-fold, a sound 
policy based on scientific knowledge. In addition to 
Japan, many other countries, such as Norway, Den- 
mark, Scotland, Newfoundland and Canada have 
developed fishing industry to a considerable extent. 

The need to develop fisheries which is the only 
prime source of food supply to supplement agricul- 
ture, as an important food industry, is greater at the 
present moment because with the increase in popula- 
tion, there is heavy pressure on land for food crops. 
As a source of food supply our oceans and rivers 
w^ould constitute an inexhaustible store of food, pro- 


vided careful attention is devoted to fish culture. 
India lias a coast line of over 4,000 miles in length sur- 
rounding the three sides of the vast peninsula, the 
.Madras coast line alone being 1,750 miles in length. 
Besides this, there arc large rivers such as the Ganges, 
the Hralimaputra, the Indus, the Kristiia, the Goda- 
very and the Caiivcry, which contain a large amount 
of fresh-water fish available for" .scientific exploitation 
and for wdl-planned utilisation. 

In India the growth of population is outstripping 
available food supplies. Indians i)opulation is in- 
creasing at an alarming rate, the present poi)ulalion 
according to the census of 1941 being 388 millions, 
an increase of 15 i)er cent over the last census figure 
of 338 millions, while the agricultural output of India 
has reniaineil steady without any significant rise under 
I)resent conditions. It is reckoned that the total 
land area of India amounts to about 2*44 acres per 
head of the population, out, of which only about 0*72 
acres i)er head is under food crop, the remaining be- 
ing under forests and uncultivated and fallow land.* 
I'liis is indeed quite insufficient to feed the present 
l)opulation. It is, therefore, necessary to explore 
other sources of food supply in India and fisheries 
constitute the only important source of food supply 
to supplement agriculture. 

Poor ])eopie inhabiting the coastal towuis in India 
consume large quanlitics of fish in preference meat 
l)ecause it is a clica])er article of food. Those who 
caniu)t afford even the fresh fish consume salted and 
dried 11 sh which is coiisiderai.>ly cheaper than the 
fresh one. Irish is an imporlaiil article of foodstuff 
ill Bengal and is taken almost daily by all the classe^^ 
of ihe population. They are available throughout 
the year. Although there are many varieties of fisli 
available for human coiisuini)lion, a few of them such 
as Hilsa (Clujyca iHsa)^ Ruhcc or Rohit (Laheo rohita), 
Katla (Calla catia), and Mrigal (Cirrhina mti^ala) are 
]>articularlv popular in Bengal, Bihar and Orissa, 
'rile important food fish of the Madras and Vizaga- 
patani coasts are Seer (Scomberomorus) , Sardines 
(Clupea), Horse Mackerel (Caranx), Ponifret {Stroma- 
tcus)^ Jew fish {Sciainiidac), Mackerel (Scomber), Cat 
fish (Anus), Ribbon fish (Trichiurus), Whiting 
(SUlago), Silver Bellies (Lciognathus and Cazza). 
The important food fish of the Bombay coastal waters 
arc Halva (Slromatcus niger), Karli (Chirocentrus), 
Kajura (begti) (Laics calcarifer), Ravas (small) (Poly- 
nemus tetractyliis), Ravas (big) (Scioena bleekeri), 

* The annual report of the Public Health Commissioner 
with the Govt, of India for 1933. 
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{Scoliodon sonakeivah), Singnada (Arius 
dessumicri), Toki (vekati) (Trichiurus savala), 
Suraniai (Cyhium kuhlii), Shengti {Marconcs f^ulio), 
Kangoli, Mandeli (Coilia dexsumicri), Dliumi, Ghol 
(Scioena miles), Wagli (Dasybatus imbricalus). 

During the last five or six years there has been 
much investigation in India on the food value of fish. 
While further investigation is necessary on the food 
value of fish available in Indian coastal waters, ample 
data are now available to justify the discussion of 
their aiiplication to practical nutrition work in India. 


ClIUMlCAt C()MR)S1T1(>N 

The importance of fish in human nutrition rests 
primarily on its content of first class animal protein, 
its richness in phosphorus and its valuable contribu- 
tion of vitamins A and D. It is mainly the muscular 
tissue of fish which is consumed as a foodstuff, and 
therefore all the investigations are mainly concerned 
with its chemical composition and food value. The 
chemical composition of fish varies considerably with 
season and .the species. 

Fai : The fat content varies widely with 
the species of fish. Some species of fish store 
their reserves of fat in different parts of their 
body, while in others .such as the Cod, the liver is 
the main fat depot, the other tissues being very low 
in fat content. In the case of other fish like Herring 
the fat is deposited beneath the skin and between 
the muscles. Mackerel, Salmon, Herring, Shad and 
Butterifisli are known as fatty fish, while Ood Poliak, 
Haddock, Whiting and Cusk are lean lish. The fat 
content of fish varies with season and siiawning. It 
is found that certain types of lish are much fatter in 
winter than* in spring and summer and that they be- 
come very lean aftci* spawning. The fat in fish is as 
easily digested as those of beef muscle and other 
animal products. 

The Proteins of fish : Pish is a valuable pro- 
tein food. It contains about 15 — :^5 per cent of pro- 
tein. Pish meal is a highly concentrated protein 
food which can be used for feeding poultry 
and live stock. The biological value of the proteins 
of fish meal is found to vary considerably with the 
type of fish. 

Among the Bengal fish, except in the case of 
Hilsa, the digestibility and the biological value of the 
fish proteins are very high. The digestibility \aries 
between S3 and 97 per cent, and the biological value 
between 70 and 88 per cent. The biological value by 
grow^th method showed a grow^th per gram of protein 
ingested, varying from 1*48 to 183 per dav. Thus 
the biological value of fish proteins compare well wdth 
the biological value of milk and beef muscle. In 


general the proteins of fish are as easily digested as ^ 
those of beef and other animal products. 

It has to be remembered that in certain parts of 
India fish is eaten in conjunction with other foods 
such as rice, wheat etc. and the proteins of these 
supplement those of fi.sh and make good any defects 
in the latter. Fish is a valuable addition to a diet 
the staple of which is rice. It has been shown that 
the i)roteins in fish supplement the growth-promoting 
effect of pulse proteins (Basu and De, 1938). Thus 
khesari (Lathyrus sative) which does not induce 
growth in rats when fed at 10 per cent level (Basu, 
Nath and Mukherjee, 1937) is found to produce appre- 
ciable growth when small amount of Ruhee protein is 
included in the diet. Similarly green gram (Phaseolus 
mnngo) and lentil (Lens esculenia) which do not pro- 
mote growth in rats (Basu, Nath and Mukherjee, 
1937) induce appreciable growth when mixed with 
Ruhee fish protein in the proportion 4 : i (Basu and 
De, 1938a). Thus pulse proteins will be utilised 
more efficiently when they are supplemented with 
fish in the diet. This is of great practical importance 
in human dietetics. 

The effect of cooking of fish on the utilivSation of 
proteins has received very little consideration from 
scientific workers. It has been shown that high tem- 
peratures have a detrimental effect upon the quality 
of fi.sh proteins. According to Basu and De (1938a) 
the proteins of sun-dried meal are more digestible and 
show a higher biological value than the proteins of 
the steam-dried ffieal. vSaha (1940) studied the diges- 
tion in vitro of raw, fried, boiled and partially boiled 
fish by iiepsin, by trypsin and by pepsin followed by 
trypsin. He found partially boiled fish to be lietter 
digested than the other three forms, and concluded, 
however, that in vivo ibe break down of fish proteins 
would be fairly complete. 

As regards the chemical compo.sition of fish pro- 
tein it may be .said in general that the amino acid 
make up of the proteins of fish muscle is of the same 
as those )f other animal muscle such as chicken 
nimscle. The proteins of some Indian fish have been 
analysed (Basu and De, 1938), (Lahiry and Ananta- 
krishnan, 1942). Rosedale (1929, 1930) has deter- 
mined the diamino acid content of various types of 
fish which constitute a very important source of food 
in Singapore. 

The mineral content of fish ; The mineral 
content of various species of fish available in Indian 
coastal u^aters have been determined by various 
workers (Bengal fish: Saha and Guha, 1939, 1940, 
1941 ; fish from Bombay coastal waters, Niogi et al, 
1941, Appanna and Devadatta, 1942 ; fish consumed 
in Bihar, Mitra and Mitra, 1941 ; fish from Waltair 
coastal waters, Khorana el al, 1943 ; Mangalore fish. 
Health Bulletin No. 23). 
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Vitamins 

With the development of our knowledge of 
vitamins and of methods for their determination 
much work has been carried out on the food value of 
fish with respect to its vitamin content. 

Vitamins A and D : Fish oils constitute import- 
ant source of vitamins A and D. They form two main 
classes-’ (a) fish liver oils and (b) fish body oils. The 
importance of Cod liver oil as a source of vitamin A 
and D in medical practice is too well known to need 
special mention. It is not only rich in these vitamins, 
but also contains in addition certain unsaturated fatty 
acids which arc of great therapeutic value. Its fat is 
valuable and is easily absorbed. In general the oil 
content of fish liver (Haddock, Cod, Whiting, Hali- 
but, Tunny, Dog fish, Ding) varies from 50-75 per 
cent dei)ending on seasonal variations. Cocxl CckI 
liver contains about 75 per cent of oil. Livers of 
fish with fatty muscle {e.g., Herring and Salmon) 
contain small quantities of oil (about 10 per cent). 

The vitamin A content is influenced by age, sex, 
spawning, fishing season, type and location of fishing 
grounds etc. It is found that if the other factors arc 
nearly equal the vitamin A content of the oil increases 
with decrease in the oil content of the liver (Higasi, 
1940). Thus the liver oils of Herring and Salmon 
whovSc livers contain very little oil, yield liver oils 
of high potency. It is .stated that variation in the oil 
content of the liver is related to spawning. The Cod, 
for example, ceases to feed during spawning and a 
large proportion of the oil is transferred to the gonads, 
the vitamin content being unalTccted. The liver oil, 
therefore, contains higher concentration of vitamin A 
than when the fish is feeding normally. It is stated 
that the reverse proce.ss takes place during intensive 
feeding on a diet deficient in vitamin A (Sliortland, 
^ 937 , 1938). 

Small species of fish such as Haddock, Whiting, 
Plaice etc. contain relatively low proportions of 
vitamin A than those large si)ecies of fish 
Tunny, Halibut, Sword fish. Sturgeon and certain 
sharks, which contain high concentration of vitamin 
A. Young ones of any particular si)ecics are found 
to be considerably poorer in vitamin A than older 
ones. In general, however, the different species of 
fish investigated may be classified roughly as follows 
according to the potency of the oils : 

Haddock, Whiting etc. .. worthless oils 
Cod etc. .. .. medium oils 

Turbot etc. .. .. good oils 

Halibut .. .. very good oils 

Many fish such as Cod and Halibut store large 

amounts of vitamin A in their liver although they 
consume food deficient in this vitamin, and the 
older fish, therefore, contain higher concentrations of 
vitamin A (Drummond and Hilditch, 1930 ; Lovern 


el^al, 1933 ; Maepherson, 1933). The potency of 
Halibut liver oil is found to be related to the oil con- 
tent of the liver (Bills, Imboden and Wallenmeyer, 
1934). It is said that a very large Halibut may con- 
tain 90 grams of vitamin A (Lovern, 1942). The 
cause of such accumulation of large reserves of 
vitamin A in certain species of fish which eat the 
same diet as other species of fish whose vitamin A 
content is considerably less, is quite obscure. It 
would, however, appear that such species of fish may 
.synthesise vitamin A in the body. 

Although liver is considered to be the main 
storage depot for vitamin A, it is found that in .scenic 
species of fish, of which Halibut is one, the alimen- 
tary tract may contain as much, or even more 
vitamin A than the liver (Kdisburv cl al, 1938). The 
viscera (excluding the livers) of Halibut has been 
found to yield abnormally rich oils, 'riie stomach is 
practically devoid of vitamin A, while the pyloric 
caeca and intestines contain very large amounts of 
the vitamin A. This discovery has led to the com- 
mercial production of fish intestinal oils in Canada. 
The spleen is reported to contain large amount of 
the vitamin. Herring also contains large (luantities 
of vitamin A in the alimentary tract, particularly in 
the pyloric caeca (Edisbury ei al 1938). The body 
oils of fish' contain little or no vitamin A. There are, 
however, certain ])<)dy oils of fish such as vSardiiie, 
which are equal in potency to cod-liver oil. In gene- 
ral, fish flesh is not a good source of vitamin A. 
Fatty fish such as Mackerel, Salmon, Herring etc. 
are found to be richer in vitamin A than are lean 
fish such as Cod, Haddock etc. 

Fish liver oils arc, as a class, the most potent 
of all known natural sources of vitamin I). They 
are ible to .store large quantities of vitamin D in their 
livers. Some of them contain an extraordinarily high 
content of the vitamin. Although Cod liver oil is 
a good .source of vitamin A, it is not potent enough 
in vitamin D. Even Halibut liver oil which con- 
tiun.s a large proportion of vitamin A is not pro- 
portionately rich in vitamin D. Tuniiy-tish liver 
contains a large amount of vitamin L), and it pro- 
vides a new and valuable sui)ply of the vitamin. 

As regards the vitamin D content of fish flesh, 
lean lish (Cod, Haddock etc.) are shown to be devoid 
of tills vitamin, while fatty fish (Herring, Mackerel, 
Salmon etc.) contain appreciable amounts (300 — 1700 
I.U./ioo gr.) of it. Thus lean fish fle.sh is a very 
poor source of both vitamin A and D, wliilc fatty 
fish flesh is a fairly good source of these two 
vitamins. 

hidian fish oils . — In the present war supplies of 
vitamin A and D for medicinal use have been affected 
considerably and in order to meet the growing 
demand for Cod liver oil, ’^starch began in India for 
other species of fish giving liver oils comparable with 
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Cod liver oil in vitamin poleney. The results oblaiiied 
so far on Indian lish oils are presented in Table I. 
The investigations have shown that the liver oils 


from some species of fish, particularly sharks, which 
infest the Indian ocean are rich natural sources of 
vitamin A (Madras Fisheries Department, De ei al, 


TABLE I 

X lTAMIN A AND I) COiNTRNT OF INDIAN 1‘ISH LiVRK AND BODY OlLS 


Coiiiinon Name 

Zoological Name 

Soiirci* 

Vitamin A 

I. U. per gr. 

V'itamin D 

I. U. per gr. 

A. Liver Oils : 





Air 

A Tins arius 

Bengal 

200, 050 

— - 

Dtiain 

Silonia sihituUa 


563 

6-67 

Hilsa 

(litpca ilisa 


120 


Katia 

Catla Catla 


207 

— 

j 



583 

- - 

Mri^el 

Cirthiua mri^ala 


377 


Naindal 

— 


405 

... 

Ruhee 

I.aheo rohita 


622 

— 



)> 

461 





475 


Sankhaeluir 


»» 

387 

50 

Sarpiiti 

Velki 

Barbu rs sarana 


Nil 

— - 

Lates calcarifer 

♦» 

Scwcuia miles 


009 

— 


Bombay 

457 

2-8 

Ohol 

28- -32 

575 

Mushi 

Scioliodon sorrokowah 

Aladras 

70-7-4 

97 

Eagle Ray 

t-Ktohatis ^^uttata 

1140 

— 

Guniia Sorrah 


,, 

2200r 

— - 

Katiaii Kalani 

Arius thalassinus 


250r 

— 

Pothikelaru 

A tins jello 


trace 


Kotuban Sura 

Spyrna blonchii 


SO times as po- 

— 



lent as com- 
mercial Cod- 
liver oil 



Karakutli 

— 


351 

— 

Cat rish 

. .... - 


114 

— 

Mc'iiithal 

. — 


494 

— 

Nolhal 

* 


806 

— 

Saw Pish 

Prisiis perrotteti 


2925 

— 



— 

18(K’(H) 


• 9 

7.ygcena blochii 

1 > 

8000—12000 


Shark (hatiimer-headed) 

i 

It 

10,760 

— 

,, (num-ealing specie sj 
Shark 

— 


10,7vS0 

— 

— 

1 ** 

4,331 

— 




1 * * 

450—50,100 

— 


1 

i 


(av. 13,600) 
190,000 


M 

MackenO 


” 1 



210-260 

- i 




220 


i 




160 

PlDiigh I'isli 

Rhytirohafus dieddedsis 




250 

Sardine 

: 


246 

200 

t\id 

1 

Calicut 

2(»00 

— 

B. Body Oils : 

1 




i.'hilal 

Noiopterus Chit ala | 

Bengal | 

26 

— 

Dhain 


1 1 ■ 

8—10 

— 

Ililsa 

Clupca ilisa i 

*9 1 

, 0 

— 

Katia 

Catla catla 


49 

— 

Koi 

Anabtis testudinciis 


0 

... 

^lagur 



Nil 

— 

Mrigel 

Cirrhina mrigel 


90 

— 

Ruhee 

Labco rohita 

9 1 

98^- 100 

— 

f * 

Kurinieen 


$$ 

Madras 

109 

— 

Pomadasys moculatnm 

less than 2-6 


Xarimeen 

Neimeen, \ 

Laics calcarifer 

•• 

2*6 

— 

Palameen, 1 

Grace oil | 


>1 

26 


Ribbon Fish ; ! 

Sardine 



2-6— S-2 


Turtle 

— 

It 

13 



Barbus dubius 

» 

494 

— 
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1938 ; Rajagopal, 1942) and these oils are now being 
manufactured and. have become commercially im- 
portant. The production of shark liver oil ois a 
commercial scale has proved so successful that nearly 
30,000 gallons of oil have been manufactured in the 
year 1942. The oil is now widely used in Oovcrii- 
ment civil and military hospitals. 

The liver oils of some of the species of Bengal 
fish e.g., Ruhee, Naindal, Katal, Air, Mrigel, and 
Ililsa are found to contain appreciable amount of 
vitamin A (Basu et al, l9^|o). The Ruhee, Naindal, 
Mrigel and Katal liver oils are very good sources of 
vitamin A, having higher potency of the vitamin 
than the imported Cod liver oil. The vitamin A 
potency of some samples of Indian Cod liver oil is 
found to be about three times more potent than that 
of the average sample of Norwegian Cod liver oil 
(Do ct al, 1938). The liver oils of some of the species 
of Bombay fish, namely Ravas, Ohol, Shengti, 
Mushi and Halva are found to be several limes 
richer in vitamin A than ordinary Cod liver oil 
(Niogi ci al, 1941). Among Indian fish body oils, 
the oil obtained from Barbus duhius is a good source 
of the vitamin, containing /190 I.U. i)cr gram of the 
oil. 

Although the vitamin A content of some varieties 
of Indian fish oils is known, very littlp information 
is available regarding their vitamin D values. 
Recently, however, it is reported that the liver oil 
of Ruhee {iMbeo Rohita), a variety of fish in Bengal 
is the most potent source of the vitamin among the 
others examined. The values on the whole are very 
small compared to the antirachitic potency of Cod 
liver oil (Basu and Sen Cuptn, 1940) ; Bragaca A. 
ct al, 1942) ; Ranganathan (1941) invest igate<l the 
vitamin D content of fish oils and found that shark 
liver oils had an average vitamin D content of 210 
I.U. per gram, a value about twice that of B.P, Cod 
liver oil. Among the Bombay fish examined Choi 
liver oil is a good source of the vitamin containing 
575 I.U. per gram of the oil (Niogi et al, 1943). 
There is a need for further investigation on the 
vitamin D content of Indian fish liver oils. 

Manufacture of fish oils, -The method generally 
employed for the manufacture of fish liver oils is 
by blowing low pressure steam into the fre.sh livers. 
This process causes the cells to burst with the result 
the oil is freed from the cells. Various modifications 
in the process are introduced dei'ending on the grade 
of the* oil required. Cod liver oil which is not in- 
tended for medicinal use is prepared by the above 
crude method. For the pre])aration of medicinal oils 
special precautions are taken, such as the selection 
of good and fresh livers, the use of vacuum boilers so 
as to render the oil at lower temperature to improve 
the colour and wlour of the oil. 


The crude oil thus obtained is refined by re- 
moving the stearine which separates after keeping 
the oil in cold for long period. The oil is then 
washed with caustic soda, which converts the free 
acids present in the oil into soaps. These soaps are 
then removed by washing with water. In order to 
remove the traces of alkali it is then washed with 
dilute suljdiuric acid solution. The oil thus obtainal 
is bleached by filtering through fuller’s earth, 'fhe 
bleaching is also effected by exposing the oil to sun- 
light.^ 

The vitamin A ])otency of fish liver oil is in- 
fluenceti by the process of manufacture. It is stated 
that considerable lo.ss of vitamin A occurs when the 
oil is heated or cooked in open vessels in contact 
with air (Robinson, 193S ; Seshan, 19.^0). For the 
l)reparation of oils with high vitamin pot^uicy, it is 
neces.sary to minimise the extent of exposure to air, 
thereby i)reventing the oxidation taking place. 

Hydrogenation and bleaching by treatment with 
hydrogen or other reducing and oxidising agents are 
known to cause destruction of the vitamin content of 
the oil. It is, therefore, necessary to avoid the use 
of oxidising and reducing agents for bleaching pur- 
poses. ^ Bleaching is generally tlone by treatment with 
fuller’s earth. It is reportetl that this method of 
bleaching yields an oil with undesirable keeinng 
quality as a result of the removal of the natural anti- 
oxidants of the oil by the fuller's earth. 

Vroperlies of the oil. The medicinal oil is gene- 
rally light*ycilow in colour and it should have very 
slight fishy odour. The acid value and the |)ro- 
jMjrtion of volatile fatty acids should be low. The 
Reichert value should be less thati 0 3 . The ioding 
value shouhl not be le.ss than 167. The amount of 
unsiiponifiable matter should be less than 1*5 per cent 
and higher value is an index of adulteration with 
mineral oils which are rich in unsaponifiable matter. 

^ With the discovery that Indian Shark liver oil 
possesses very high vitamin A potency, the Madras 
I'isheries Department at the instance of the Govern- 
ment considered the question of organising ^ and 
developing the manufacture f)f Shark liver oil as a 
cottage industry in the Presidency in 1937. A scheme 
for initiating a medicinal oil industry has since been 
sanctioned by the Government. Medicinal liver oil 
from the Shark and Saw-fish is now being manu- 
factured in Calicut. The Government of Bombay 
and the State of Travancore are also manufacturing 
the oil. 

The medicinal \'alue of Shark and vSaw-fish liver 
oil was recognised in India long before vitamins were 
known and it is slated that fish liver oil industry 
existed in the Madras Presidency eighty years ago. 
Acc»)rding to the report on the sea fish and fisheries 
of India and Burma by Surgeon-Majeu* Ibancis Day, 
Inspector General of Fisheries, |>ubIishod in 1S73, 
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in the sixties of the last century there was consider- 
able production of fish oil in the West Coast. It is 
staled that during the period 1864— 71, 3,194,672 lbs. 
of oil (mainly Sardine oil), valued at Rs. 2,03,829 were 
exported from ^Tadras alone. Medicinal oil from 
Shark and Saw-fish was bcinii manufactured and the 
vShark liver oil was being used both medically and 
in the leather manufacture. The niamifacture of the 
oil was initiated in 1854 in Calicut and the produc- 
tion amounted to over 5000 lbs. per annum, the price 
ranging from nine annas to Rs. T-4-0 per lb. In the 
year 1870 the cost of imported Cod liver oil fell 
!)elow that of Indian fish liver oils and consequently 
the industry sufTered a great deal as it could not 
compete with the imported product. The initiation 
of the industry in Calicut is only a revival of the 
flourishing^ fish liver oil industry in Madras Presi- 
dency eighty years ago. Very recently investigations 
on their therapeutic i>roi)crties have been carried out. 
In order to stabilise the industry in India extensive 
investigations on the extraction, storage, purification 
and the keeping quality of these oils are necessary 
because of their high market value. 

Stahiliiy of vitamin A in fish liver oils , — Fish 
oils arc, in general, highly un.s.aturated and are 
therefore very susceptible to oxidative deterioration 
resulting in the destruction of vitamin A contained 
in the oils. It is found that the samples of medicinal 
Cod liver oil sliow wide variations in their imtency 
ranging from 390 to 1500 Iiiteriiational units per 
gram of the oil. It is, therefore, suggested that from 
the i)u]dic health point of view and in the interest of 
tlie lay public who arc igtiorant of the (piality of 
the preparations at the time of buying, the manu- 
facturers should state the potemey and the extent to 
which such preparations can be stored without much 
loss of the vitamin, particularly in tropical countries 
like India. There is an urgent need for investigation 
on the factors such as method of prei)aration, storage, % 
rancidity etc. influencing stability of vitamin A in 
Indian fish liver oils. 

The dcvelo] linen t of olT-odours and flavours, 
which decrease the (luality of the oils is attributed 
to the formation of aldehydes, ketones and acids. 
The percentage of vitamin A oxidised is found to 
be related to the peroxide value of the oil and the 
higher the peroxide value the more vitamin A oxi- 
dised. With the more unsaturated oils, c.f'., Cod, 
Pollard, the iiercentagc of vitamin A oxidised is 
found to be smaller at various peroxide values than 
in the less unsaturatevl oils c.g., Halibut, Dog fish, at 
similar peroxide values (vSimons cl al, 1940). It is, 
therefore, necessary to incorporate .substances with 
fishery products, which have the property 01 arresting 
such oxidative changes in the oil. 

Antioxidants . — Although a number of substances 
has been described in tlw literature possessing the 


property of retarding oxidative changes in fats and 
oils, very few of them have been found to be suitable 
for^use in preventing the rancidity in fish oils. In 
recent years a number of investigations have been 
carried out with a view to stabilising vitamin A con- 
contained in fish liver oils. Hydroqiiinonc which is 
known to function as antioxidant for fats and oils 
has been used to protect the vitamin A in fish liver 
oils (Holmes el al, 1936). Lecithin is found to exert 
protective action against the oxidative destruction of 
the vitamin. The combination of the two affords re- 
markable protection against the oxidative destruction 
of vitamin A in Halibut liver and Cod liver oils, 
which is much greater than would be expected from 
additive clTects (Homes el al 19.36)- Lowen ei at 
(1Q37) have tested the antioxidant value of oat flour 
on Halibut liver and Salmon oils. Oat flour was 
found to retard the initial peroxide formation, and 
its eficctivciiess in retarding rancidity increased as 
le.ss accelerated conditions of exposure to air were 
used. iVIalcic acid has been recommended by the 
Biological Board of Canada (Bcllctin No. XLVl of 
the Biological Board of Canada) as antioxidant for 
preventing the loss of vitamin A occurring on 
.storage of fish liver oils. 

The relation between chemical charac'i'erls- 
TICS, Physical properties and Vitamin 
Content of Fish Liver Oils 

Holmes et al (1941) determined the chemical and 
physical characteristics and vitamin potency of thirty 
five fish liver and body oils. It was found that the 
vitamin ])otency cif the Sword fish and Mackerel liver 
oils increased with increase in the amount of un- 
saponifiablc material. 'Ihe relation, however, was 
not entirely consistent. In the case of other oils no 
consistent relation between any of the chemical or 
physical i^ropcrties and their vitamin potency was 
observed. I'rom the results the authors conclude that 
it is diflic’dt if not impossible to know the vitamin 
potency of the oils by determining the chemical and 
physical properties. 

The B Vitamin in Fish 

Vitamin B ^. — Relatively little work has been 
done to determine the vitamin B, (thiamine) content 
of fish muscle. From the results of the few investi- 
gations carried out, it may be stated that fish muscle 
is not a rich source of vitamin Bj containing only 
about o‘2o — 0*40 International units per gram. The 
liver is somewhat richer in vitamin Bj the content 
ranging from 0 4 io j*8 I.U. per gram. (Fixeii and 
Ro.scoe, 1Q37-.38, i94<^>)- Fi.sh roe contains more vita- 
min B, than the liver. Some of the Bengal fish 
(Bhetki, Hilsa, Kholsa, Mrigel, Rohit) contain 
I-I'- per i(X> grams. 
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Vitamin (Riboflavin), — Vitamin Bj content of 

fish muscle (Cod, Halibut, Haddock) ranges from 
0 05 — 0180 mg. per 100 grams (Fixsen and Roscoe, 
1940). Recently Billings et al (1941) have deter- 
mined the riboflavin in several Pacific fishes, parti- 
cularly livers and viscera of Salmon, Tuna, Pilchard 
and Herring. Fish liver meal is found to he one of 
the richest natural source of riboflavin, most of the 
values being between 50 — 100 y per gram of moisture 
and fat free substance. Commercial Pilcliard, Salmon 
and Herring meals were found to contain from 9 to 
42 V per gr. of natural meal. There is need for syste- 
matic investigations on the vitamin B, and B^ con- 
tents of fish available in Indian coastal waters. 

Nicotinic acid (Aniipellagra factor). - Among the 
fish investigated Salmon appears to be a good source 
of nicotinic acid containing 7 to 8 milligrams of 
nicotinic acid per 100 grammes of the muscles. 
Other fish inve.stigated contain on ^n average 2 — 5 
milligrams per 100 grammes of the muscle. Fish 
muscle is as good a source of nicotinic acid as beef 
and the muscle tissue of other animals. (Kodicck, K., 
i()4o ; Khorana et al, 1943). 

Vitamin C. - The vitamin C content of fish varies 
considerably with species containing about 5 — 200 
mg. of the vitamin per too gr. Fish liver and roe 
are found to be rich in this vitamin having the 
potency of orange juice. Among the Indian fish 
examined (Rudra, 1936 and Saha, 1939) Koi (Anahas 
iestudineus) has the highest ascorbic acid content in 
the muscle (30 mg. per cent), Pangash (Pangasius 
pangasius) and Rohu coming next in potency. Rohii 
and Dhain fish livers contain 171 and 127 mg. per 
100 gr. 

The foregoing account offers ample evidence that 
fish is a very valuable food and its extensive use on 
the dietary is, therefore, specially desirable. There 
is plenty of scope for improving fish food industry 
in India. Considerable amount of edible fish is being 
wasted annually and there is ample scope for investi- 
gation on the possibility of converting the edible fish 
into valuable food materials. While it is certain that 
the potential resource of India is immense in the 
fish industry, these will become readily available 
only through well-planned investigation on the 
economic utilisation of fish products in food and 
other industries. The need to develop Fisheries as 
an important food industry in the country was cm- 
l>hasised in the Zoology section of the Jubilee session 
of the Indian Science Congress in 193^* A committee 
of foreign and Indian fisheries experts, who met in 
Calcutta in 1938, pointed out the need for an All- 
India Institute for research on problems relating to 
Indian Fisheries and resolved to urge the Govern- 
ment of India to take early steps to develop the fish 
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industry. The fishing industry in India is in a 
deplorable condition which needs immediate atten- 
tion with a view to utilising the large potential source 
of good food to feed the increasing population. 
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SYNTHESIS OF QUININE 

D. CHAKRAVARTI, 

DKPAKTMENT OF CHEMISTRY, CALCUTTA UNIVERSITY 


TN his presidential address before the section of 
chemistry of tlic Indian Science Congress, Prof. 
J. N. Ray, speakini> on tlie chemistry of antinialarials, 
remarked in 1Q37, ‘'The organic chemistry of the 
‘test tube* has very little parallelism with the mecha- 
nism ojKiratin.ir in the liviii^^ cells. VV^hat molecular 
species and reagents Nature employs in buildin^j up 
these highly coniidicatcd beneficial [iroducts has not 
yet received complete solution in most cases. The 
chemistry of the lest tube has so far failed to effect 
a synthesis of quinine and its allies/* 

This long -cherished ^oal, the synthesis of qui- 
nine in the laboratory, which has been a challcnj^e 
to the organic chemists, has at last been attained in 
IQ44 by two young chemists, Robert H. Woodward 
who is an instructor in organic chemistry at Harvard 
University and has been chemical consultant to Pola- 
roid Corporation since 1043, and William Von 
Doering who was working at Harvard for the doc 
toratc degree at the time of the inception of the 
investigation and is at present instructor in organic 
chemistry at Columbia Ibiiversity. The plan for the 
synthesis of (juinine was conceived by Woodward 
and incorjiorated in the basic research programme of 
Polaroid Corporation in early This remark- 

able achievement of V*^oodward and Doering is the 
outcome of an organized and planned attack on the 
problem during 14 months, and the synthesis of 
quinine was announced on May 7, 104/1 by the Pola- 
roid Corporation, Cambridge, !Mass. Tlie synthetic 
quinine is claimed to be identical chemically and 
clinically with the natural alkaloid isolated from 
cinchona bark. The synthesis of quinine adds a 
glorious chapter to the chemistry of synthetics, 
which can boast of the synthetic vitamins, the syn- 
thetic hormones, the synthetic pigments of the 
flowers and a host of other natural jjroducts. 

The pure cr3"stalliiie alkaloid (luinine was iso- 
lated from cinchona bark as early as 1820. In 1855 
Strecker proved the (piinine molecule to be com- 
posed of twenty atoms of carbon, twenty-four atoms 
of hydrogen, two atoms of oxygen and two atoms of 
nitrogen and represented it as having the formula 
C2oH2402Na. In iQoS Rabe and Koenigs deter- 
mined the. structure of the quinine molecule and 
showed by degradative reactions that these forty- 
eight atoms are arranged in the (luininc molecitle as 
in the formula ( 1 ). It may be recalled that . the 
preparation of the first synthetic dyestuff * aniline 
mauve*, which gave an impetus to the manufacture 
of synthetic dyestuffs, is associated with the attempt 
at synthesis of quinine bv William Perkin, a yoiihg 


boy of 18, in the year 1856. Though unsuccessful 
in his attempt to synthesise quinine, Perkin dis- 
covered the beautiful magenta dye by the oxidation 
of aniline with arsenic acid. 
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While experimenting with quinine, Touis 
Pasteur in 1S53 obtained from (|uinine a related iso- 
meric alkaloid having the same 48 atoms, known 
as quinoioxine or quinicine, in which the atoms 
are arranged as in formula (II). In tqi 8 Rabe was 
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Quinotoxinc 


successful to synthesise quinine from quinotoxinc. 
Since the source of quinotoxinc is quinine itself, this 
.synthetic metho<l is of little practical value. Wood- 
ward and Doering have been able to prepare quino- 
toxine from easily available materials, e.g., coal-tar 
itself, and hence their method constitutes a total 
synthesis of quinine. Starting from benzaldehyde, a 
common chemical available in unlimited quantities 
from coal-tar, they have obtained 7-hydroxy-isa- 
quinoline which in its turn has been converted 
tlirough a series of ingenious synthetic operations 
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into N-benzoyl-honiomeroquinonc ethyl ester, the 
most important stage in these synthetic operations 
being the fission of the hydrogenated wc-quinoline 
derivative with sodium ethoxide and ethyl nitrite. 
N-bcnzoyl-homomeroquinone ethyl ester has been 
condensed with ethyl (luininate to give quinotoxine. 
The conversion of quinotoxine into quinine ha.s been 
effected according to the method previously described 
by Rabe. 

The possible mechanism of the synthesis of 
quinine in nature, as suggested by Robinson, 
remains still to be verified. *It has been thought’, 
as Robinson remarks, ‘that plants have at their com- 
mand enormously powerful reagents, which induce 
transformations impossible to reproduce in the labo- 
ratory. To a certain extent this must be true, but 
it is probable that this aspect has been exaggerated.* 

The long and intricate process of the synthesis 
of quinine, developed by Woodward and Doering, 
will probably at present stand in the way of its 
commercial utilization, but in the near future sus- 
tained efforts in this direction might evolve simpler 
method, and natural quinine may meet with the 
same fate as natural indigo. 

Extensive researches on the preparation of syn- 
thetic antimalarials have sliown that the physiologi- 
cal action of the iiuinine molecule dei)ends more 
or less on the following groups of atoms. 

(/) The quinoline ring with the methoxyl 
group ; 

(it) The quinoclidine ring ; and 
(Hi) The vinyl group and the secondary al- 
coholic grouj). 

It ha.s been demonstrated that the removal of 
any of these groups oi alteration in their chemical 
iiatiiro results either in the diminution or the total 
inhibition of the activity of the drug. Imi^ortance 
has been attached to the (|uinoline nucleus as being 
the seat of antimalarial action in the (juinine mole- 
cule, and a large number of (juinoline derivatives 
have been synthesized and tested for antimalarial 
activity, the important of them being the much used 
Vlasmochin, first introduced by Schuleman, Schoen- 
hoefer and Wingler, the arrangement of atoms in 
which is showui in formula (111). With a view to 
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synthesizing an ideal antimalarial, investigations 
have been carried in the plasmochin series (notably 
by workers led by P'ourncau in France, by Magidsoii 
and Kritchevskii in Russia and by Rolnnson and 
Kermack in England) dealing with the effects of 
(i) modification of the alkoxy group, (//} variation 
of the alkylamiiio side-chain t)articularly regarding 
its length, degree of branching and the introduction 
of various other substituents, (iii) modification of 
the terminal dialkylamino group of the side-chain 
and (iv) change in the position of the attachment of 
the side-chain. 

Various acridine derivatives have been studied 
for their antimalarial activity, and it has been found 
that Atebrin (or Mepanin)^ lirst prepared by Mauss 
and Mietzch, in wliicli the atoms are arranged as in 
formula (IV), is the most suitable one comi)arable 

CH,-CH-CH,-CH2 Clla-X(C,H,)a 
NH 
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CIl C CH 
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Atebrin 

to plasmochin. In the atebrin series also investiga- 
tions have been conducted for the discovery of a 
superior drug by the variation of the atoms and 
groii])s of atoms at different positions of the nucleus. 
The Fourth General Report of the Malaria Com- 
mission of the League of Nations siuniiiarizes the 
works oil the clinical usage of atebrin and plasmo- 
chin, and briefly it iiiiglU he staled that alebriii is 
at least as effective as quinine as a scliizonticide, 
though like . quinine it has only a weak action on 
gametocytes, has weak scliizonticidal activity and 
is especially effective as a gametocide. 

Alkaloids other than quinine have also been 
tested for antimalarial activity. In tliis connection 
mention might be made of the bark of various 
species of Alstonia which is reputed to possess anti- 
malarial activity, but curiously enough the alkaloids 
isolated from it have been found to be devoid of 
antimalarial activity. 

Beside these drugs, other vsynthetic products 
which bear no structural resemblance to quinine, 
atebrin and plasmochin, e.g., diamidines, sulphani- 
lamides, cotarnine derivatives, organo-metallic com- 
pounds, have also been prepared, and some of them 
have been found to be partially effective. „ . 
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Researches in the search for synthetic anti- 
inalarials are being vigorously continued. Warner 
W. Carlson from the Department of Research, in 
Pure Chemistry, Mellon Institute of Industrial Re- 
search, Pittsburgh, Pa, writes in the Journal of the 
American Pharmaceutical Association (April, 1944). 

“Because of the quinine shortage resulting from 
the loss of the East InclJes to the Japanese and more 
especially because of the inability of quinine, atebrin 
or plasmochin to act as safe and efficient prophylac- 
tics against the disease, the search for superior anti- 
malarial drugs has been intensified since the onset 
of the war. Under the leadership of the National 
Research Council and various Governmental agencies, 
a systematic program of research is in operation 


involving the co-operation of many chemical and bio- 
logical laboratories throughout the country. It has 
been revealed that testing laboratories, each capable 
of handling as high as 200 new compounds per 

month, are in operation The magnitude of 

the program can be visualized from the report 
that (hiring the period from 1941-1943, more com- 
pounds were tested than the combined total number 
of al^ tried in previous efforts.** 

The production of synthetic quinine at this time 
has, therefore, been hailed by all, and people all 
over the world will v/elcomc the synthetic quinine 
to save them from one of mankituPs greatest .scourges 
— malaria. 


OBITUARY : 

SIR RALPH HOWARD FOWLER 


gIR RALPH HOWARD FOWLER was one of the 
^ most distinguished and versatile of the mathema- 
tical physicists of our limes. He was only fifty-five 
at the time of his death. Fowler’s work concerned 
almost every branch of contemporary physics and 
whatever he did he did it superably well. A great 
master of mathematical technique with almost a 
passionate fondness for details, he revelled in compli- 
cated and laborious calculations that would frighten 
many an accomplished mathematical physicists ; his 
work informed by profound physical insight was 
always on a level of rigour characteristic of a pure 
mathematician. A mathematical physicist of the very 
first rank, Fowler was a great teacher (he had a large 
number of students from many countries carrying 
research under him) and a great man, both in body 
and in spirits. 

Fowler was born on January 17, 1889 at Burnham 
(vSomerset) in England. He received his early educa- 
tion at Winchester and later at Trinity College, Cam- 
bridge, where he became a Fellow in 1914. Fowler 
was in active service during the last war and was 
wounded at Gallipoli. On his return he joined what 
later came to be known as the Anti-aircraft Experi- 
mental Section of the Munitions Inventions Depart- 
ment where he was associated with A. V. Hill, E. A. 
Milne and the late W. Hartree (father of Prof. D. R. 
Hartree) in work on anti-aircraft gunnery and allied 
problems. After the war Fowler returned to 
Cambridge. 

In December 1921, Fowler married Eileen Mary 
Rutherford, the only child of the late Eord Ruther- 
ford. “Rarely :an a man have found a son-in-law so 
congenial in tastes and outlook. Fowler was a 
Wykehamist and a Follow of Trinity. He was a man 
of great mathematical poweis with a firm apprecia- 


tion of what might be termed the right and wrong 
in physics, a master in summing up all the experi- 
iiienlal evidence and then proceeding to a sound con- 
clusion** (Rutherford by A. vS. ICve, p. 288). 
Mrs. Fowler died suddenly in December, 1930 
following the birth of her fourth child. They had 
four children, two sons and two daughters, the eldest 
Peter Floward F^'owler was horn in 1923. 

The early work of Fowler was in the field of pure 
mathematics, and one of his earliest publications was 
tlie Cambridge Mathematical Tract on tlie differential 
geometry of plane curves. In 1919 Rutherford came 
from Manchester to Cambridge as the Head of the 
Cavendish Laboratory, and Cavendish began to hum 
with radioactive research. The same year Rutherford 
achieved the artificial disintegration of nitrogen by 
alpha-particlc bonibardment, an epochal discovery 
that marks a landmark in the history of science. 
(Rutherford commenced this work at the end of his 
Manchester period and completed it soon after his 
arrival at Cambridge). About the same time Saha 
advanced the theory of thermal ionization which i)ro- 
vided the key for the elucidation of stellar spectra 
and which has proved of profound importance in the 
progress of astrophysics. Rutherford and Bohr had 
just laid the foundations of modern physics, and 
Fowler with characteristic energy and versatilit>' 
entered the various fields of investigation that had 
opened up. He provided in a joint paper with Aston 
an exact mathematical theory ®f the mass spectro- 
graph ; the first mass spectrograph was constructed 
by Aston two years earlier. He, following the 
classical theory of Bohr, attacked the problem of the 
ionization and absorption of alpha rays in matter. To 
the the()ry of tjiermal ionization he, in collaboration 
with Milne, made many far-reaching contributions. 
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I'he ionization theory reduced the se(nience of Ntcllar 
fcpcctral types to linear temperature se<iuence. Saha 
originally suggested that the temperature scale could 
be deduced on the basis of the first and Iasi appear- 
ances of spectral lines. The difficulties of this 
method were discussed by Milne, and P'owlcr and 
Milne showed that these were largely avoided if, 
instead of considering the 'marginal appearance* of a 
line, attention was directed to the place in the stellar 
spectral sequence where the line attained its maximum 
intensity. The complete theory of the formation of 
absorption lines was given later by Milne. 

Ill 1925 P'owler was awarded the Adams Prize 
for his monograph on the Equilibrium Theory of 
Statistical ^Mechanics which, considerably expanded, 
appeared in book form as ‘‘Statistical Mechanics’* in 
iq2tS. The second edition of this work, revised and 
enlarged, appeared in 1936. In the first edition, 
cxceiit for the last chapter entitled ‘the new statisti- 
cal mechanics’, the language throughout is classical, 
but the second is entirely in <iuantal dress. The 
range of topics covered extends over the iiroperties 
of crystals, dissociation and evaporation, chemical 
constants — Fowler’s discussion of the Nernst ITcat 
Theorem is most illuminating -interatomic forces, 
Htjuids and solutions, electrolytes, atmospheric pro- 
blems, stellar interiors, fluctuations, Brownian mo- 
tion, and order-disorder phenomena. P'vcrywhere 
the presentation is systematic, stimulating, precise 
and profound, emidoying the elegant and powerful 
Darwin -Fowler method of ‘stee])est descents’ where 
sums over accessible states are expressed in terms of 
contour integrals. The book will remain for a long 
time to come as the pre-eminent work on the subject. 
“Statistical ^lechanics” has been translated into 
C'lerman. In \gM) there appeared “Statistical Ther- 
modynamics’’, a joint treatise by Fowler and Oug- 
genhein, being a ‘version of statistical mechanics for 
.students of physics and chemistry’. Mention may be 
made here of the contributions of Fowler, jointly with 
Nordheim, to the tlieory of emission of electrons from 
cold metals under the influence of intense electric 
fields, and of his beautiful theory of the photoelectric 
eflect. He contributed to the elucidation of the 
structure of water in a paper with Bernal. What a 
large field of physics he commanded, and with a grip 
and penetration seldom equalled ! 

In 1926 Fowler made the first application of 
Fernii-Dirac statistics discovered independently by 
Fermi and Dirac. In a highly suggestive paper he 
showed how the peculiar difficulty pointed out b> 
Eddington concerning the (possible) ultimate fate of 
a white divarf star disappeared when it was realized 
that under the high density prevailing inside it tlie 
free electrons behaved not as a classical but as a 
FermuDirac degenerate gas. The high density of a 
white dwarf can only be explained on the assump- 


tion that the materi.al in its iiiterku- is complelcl_\ 
ionized, but the ionization is not due to temperatuie 
but to pressure. Steflar iiiaterial would be comi)letel> 
ionized whether it is a white dwarf or a ‘black dwarf’ 
-a term due to Fowler to designate a ‘white dwarf’ 
at zero temperature. As Fowler said at one of his 
lectures, if one thrust his hand in if)nized material, 
according to Eddington it would always be scalded 
but according to him it may sometimes be frozen. 
Fowler’s work was the starting point of many in- 
vestigations. The Fermi-Dirac statistics was incor- 
porated by Milne in his extensive researches on stellar 
constitution. Milne’s fundamental investigation led 
him to new solutions of the Emdeti’s differential 
e(|uation which attracted Fowler’s attention, and he 
treated this problem with consummate skill in a 
pajier in the Monthly Notices (1931). 

Fowler, jointly with Kapitza, was editor of the 
International Series of Monographs on Physics (pub- 
lished by the Oxford University Press). 

“Fowler had a forceful, even a masterful per- 
sonality. As I once put it in a sketch of h'owler for 
the (irania, when Fowler was proctor at Cambridge, 
he had a short way with any committee he was chair- 
man of, and a short way with the chairman of any 
committee he was a member of. He could be out- 
spoken to the point of inducing tears, but his siibse- 
(lueiit contribution was so endearing that he never 
left bitterness. He was a man who, starting his 
scientific career in a ijromising but by no means ex- 
cessively distinguished way, went on maturing 
throughout his life, and attained a fame which sur- 
i>rised even his earliest admirers, but wliieli was 
wholly dtiserved, and wholly earned. Had he lived, 
h'owler would have become one of the greatest 
s^^ientific powers in the land. He had a tremendous 
capacity for personal friendshii)s ; to collaborate with 
him oil a scientific paper was to embark on high 
adventure, and the thrill and ‘agogness’ of working 
alongside him, wdicn results were being turned out 
(piickly and one was on tip-toes as to what was 
round the next corner, were things never to be for- 
gotten.’’* 

Fowler was elected Fellow' of the Royal So<‘iety 
in 1925 and w^as aw^arded the Royal Medal of the 
Society in 1936. Knighthood was conferred on him 
in 1942. In 1932 he was appointed Plummer Pro- 
fessor of Mathematical Physics at Cambridge. In 
1938 Fowler was offered the Directorship of tlie 
National Physical I.aboratory but on account of a 
serious illness he was unable to take up the appoint- 
ment. For a time he was well but his illness re- 
turned, and his many friends in India were grieved 

* Quoted from tlie Obituary Notire by Prof. B. A. 
Milne in Nature, Augu.st 10, 1944. WV arknowlodge the 
help we have received fnini it in prei)arin>‘ ilu- preseni note. 
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to learn last winter that his condition was serious. 
He died on July 28th, 1944^ 

Fowler achieved niucli in his lifetime and he 
inspired all who came in contact with him. There 


was no trace of pettiness or triviality about him. He 
was a ^reat mathematician, a great physicist and a 
great man. 

D. K. and R. M. 


SIR ARTHUR STANLEY EDDINGTON 


TJURL\(i the period of a year or so, Reuter and 
other agencies have brought us the sad news of 
the death of several scientific men of great renown, 
'riie latest one of this kind is the rather unexpectc<i 
news of the death of vSir Arthur Stanley Eddington, 
the world-renowned Astrophysicist, and the greatest 
Natural Philosopher of England of the present age. 
We say unexpected, as vSir Arthur was only .sixty- 
tw’o, and was not also known to be ailing beforehand. 
ICven the last number of the Observatory which we 
have received contains an account of his vigorous 
defense of his Cosmological Theory in a meeting of 
the Royal Astronomical Society held in June last. 
Sir Arthur Eddington *s name w^as not only known 
to specialists, but w’as also a familiar one among 
laymen in all countries. To the ordinary man he 
was the philosojiher who spoke about the mysteries 
of the universe. He (along with Jeans) has brought 
modern scientific thought almost to the door of every 
Iier.son by his exquisitely wTitten popular books on 
modern science and astronomy. On this account the 
death of Sir Arthur Eddington will be mourned by 
the scientific and the non-scientific world equally. 

Of his early life and career we only know that 
J{ddington w as born at Kendal on the 28t]i of Decem- 
ber, 18S2, and was etlucated at Owen’s College, the 
nccleus of the present IManchester University, and at 
Trinity College, Cambridge. He was senior Wrangler 
(1904), the Smith’s Prizeman of the 3’ear 1907, and 
a P'ellow’ of the Trinity College, Cambridge. He 
started his career as Chief Assistant at the Royal 
tlb.servatory at Greenwich in 1906, where he con- 
tinued till 1913. In the same year he was called to 
Cambridge as the Plumian Professor of Astronomy, 
and ill 1014 he became the Director of the Cambridge 
Observatory. He worked in these capacities till his 
death. 

h;ddiiigton was a member of many British and 
foreign scientific societies and was aw^arded the 
Hopkins Prize of the Cambridge Philosophical Society 
(191S-21), the gold medal of the Royal Astro- 
nomical vSocicty {1924), the Bruce medal of the 
Astronomical vSociety of the Pacific (1924), and flic 
Henry Draper :\Iedal of the National Academy of 
Sciences. He was knignted in 1930. 

To recapitulate the entire w^ork done by 1 adding- 
ton is not an easy r^air. Nearly the whole domain 
of theoretical astrophysics was the field of his 
researches, and every branch of this science bears 


the impress of his Roman hand. In 191Q he led the 
Solar Expedition to test if the straight path of a 
ray of light sent out by a star is curved while passing 
the neighbourhood of a massive body like the Sun, 
as w^as predicted by P^instein. The announcement 
of the positive result w^hich he found rang through 
the w'orld as a discovery of profound significance, and 
at once brought Ein.stein’s Generalized Theory of 
Relativity to fame. Since then Eddington became 
one of the staunchest .supporters of Generalized 
Relativity, and sw^ang to and fro between Relativity 
and Astrophysics, earnestly discuSvSing problems in 
both these subjects. 

Eddington’s debui in scientific life was made by 
his analysis of the double star streams. At the 
beginning of the present century our knowledge of 
the stellar world, and of the Milky Way was rather 
meagre. Astronomers were indeed only collecting 
data for their attack on the problem of the universe. 
vStars in the sky were long know'ii to have motion 
in space. It was originally believed that these 
motions were entirely random, just like the motion 
of gas molecules. The Dutch astronomer, Kapteyii, 
from a deep study of stellar motions, suggested that 
the stars have a general motion, and there arc two 
fixed directions in which the stars arc streaming. 
Thus the stellar motion may be considered as a 
general motion along 111^=^ streams, plus a haphazard 
motion like that of the molecules of a gas. Edding- 
ton analyzed this double stream mathematically. 
His researches in this line are embodied in his book 
‘Stellar Movement and vStructurc of the Universe’, 
w'hii'h was uublishcd in 1914. This pioneer work 
helped the construction of the present theory of 
vShapley, Gort and Uindblaiid, according to which 
the so-called ]Milky Way is a spiral nebula about 
100,000 light years broad, and about 10,000 light 
years in thickness, rotating about an axis directed 
tow^ards the star cloud of Sagittarius. Indeed this 
hypothesis makes the phenomena of star streams 
easily comprehensible. 

The theory of the internal constitution of stars, 
as we understand it at present, is a creation of 
Eddington. The equilibrium of gas spheres was 
previously discussed by Ritter, Lane, and very fully 
by Emden. Emden has incorporated his researches 
in his ^Gaskugeln*, which is classic in astrophysical 
literature. But in all these previous discussions there 
was no attempt to correlate the results of mathe- 
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inatical invevStigation with observational material. 
The real contribution of Eddington to this problem 
was twofold. He first realized clearly by bringing 
in his calculations the part which the pressure of 
radiation plays in this problem. In the interior of 
a gas mass the pressure at any point firstly is exerted 
by the gas itself. But owing to the intense heat 
the stellar bodies hold a huge amount of radiation, 
in all forms from heat to X*ray vibrations, pent up 
within themselves. This radiation also exerts a 
pressure in the same way as light exerts pressure, a 
fact which was first mathetnatically worked out by 
Maxwell, and later experimentally verified by 
Lebedew. This combined gas and radiation pressure 
in any part of the gas mass has to contend against 
the weight of this mass to keep the whole material in 
equilibrium. The next (juestion which h'ddiugton 
had to answer was “how does the pent up radiant 
energy flow outwards**? Realising the fact that 
under stellar conditions the energy flows mainly by 
radiation and not by the usual i)rocesscs of conduc- 
tion and convection, Eddington first worked out the 
equation of Radiative Transfer of ICnergy in the 
equilibrium state which obtains in stars. Ilis mathe- 
matical theory eiialded him to deduce in 1924 a rela- 
tion between mass and luminosity of stars, which 
has been entirely supported by observational results. 
This is known as Mass-Luminosity relation in astro- 
physical literature. From this it is possible to predict 
approximately the mass of a star when its luminosity 
has been measured. Earlier in 1920 Eddington cal- 
culated from his theory the diameter of the giant star 
Bctclgeusc. Michaelsam and Pease in the same year 
succeeded in measuring by interferometer diameter 
of this star, and their measurement was in agree- 
ment with Eddingt<m*s calculation. F'ddingtoii’s in- 
vestigations of stellar .structure landed him in a diffi- 
culty of fundamental nature. He deduced a numeri- 
cal value for the degree of opaqueness called 
“opacity** of the star Capella by combining the re- 
sults of his mathematically investigations with obser- 
vational results, which disagreed with the value 
deduced from ])iirely physical theories by a factor 10. 
This indeed led the way for further progress. 
Eddington himself showed that this discrepancy would 
disappear if the stars were supposed to be made pre- 
dominantly of hydrogen. The astrojihysicists now 
believe this suggestion to be correct, and all work 
at the present time in this line is made under this 
assumption. The recent theory of energy generation 
in stars by Bethc also supports this idea of the 
abudance of hydrogen in stellar material. 

In his study of the internal constitution of stars 
Eddington came to the conclusion that the atoms 
within the star are stripped of almost all of their 
electrons, and move about almost naked devoid of 
their outer coverings of electrons. This reduces the 


size of the atoms enormously, so that the stellar mate- 
rial should be capable of showing extremely high 
compressibility. Ar^ there really stars in the sky 
which support this idea by possessing transcendeiitly 
high density? Sirius, the brightest star in the sky 
has a dark comf)anion (of very* low luminosity) wliich 
was found to have the si/e of Uranus, but i\ mass 
nearly cfiual to that of the Sun. h'or these data the 
density of the companion of Sirius w(nks out to about 
a ton to a cubic inch. Under terrestrial conditions 
this is an abstirdity, but Eddington gave the correct 
exidanatioii for the existence of such high densities 
in stars known as white dwarfs. He further predicted 
that the spectral lines of this star should .show a red- 
shift according to the principles of ('enerali/ed Rela- 
tivity. This prediction was indeed later verified by 
Adams. The theory of dcn.se matter in stars, techni- 
cally called matter in degenerate state, has .siibse- 
qiieiitly been worked out in fuller details by many 
workers amongst whom are three Indian astro- 
physicists Chandrasekhar, Kothari atid Majumdar. 

The heat and light we receive from the Sun and 
the stars directly come from their outer envelope. In 
the case of the vSun it is called the photosj^lu re. T'he 
radiation from the deep interior of the Sun slowly 
finds its way into the photosphere in which, specially 
in its upj)er i)art, the characteristic dark line s|jcctrum 
of the Sun known as Fraunhofer lines is formed. 
Here in the photosphere we have a flow of heat and 
light energy of a definite amount which can be 
measured, from which atoms susi)ended in the en- 
velope at different heights absorb light of certain fre- 
(luencies, and give rise to the dark Fraunhofer lines 
on the otherwise bright background. The astropliysi- 
cal problem is to explain the intensity distribution in 
the lines and in the background. FMdington worked 
at this problem and has tnadc substantial contribu- 
tions towards its solution. 

A class of stars known as Cepheid variables pre- 
sent one of the most intriguing i)robleiiis of phy.sical 
astronomy. These are stars which change in bright- 
ness periodically. The brightness first increases 
rapidl}", then slowl}' decreases, and a whole cycle is 
comjdeted in a time between six hours to about six 
days approximately. Similar phenomena known be- 
fore were explained as cclii)sing of the main star by 
a much less bright companion revolving round it. 
The astronomer Sha])ley first proposed after a study 
of the phenomena that the Cepheid stars are of a 
di/Terent kind, and their periodicities in brightness are 
l>roduced by the pulsations of the stars themselves. 
At this stage Eddington took \\p this problem and 
gave the mathematical theory of the adiabatic pulsa- 
tions of stars. The problem of Ceflheid variables is 
.still awaiting solution, but Eddington has been at it 
continuously, and his last papers on the subject were 



288 


SCIENCE AND CULTURE 


Vol. X, No. 7 


published in the Monthly Notices of the Royal 
Astronomical Society in 1941. 

It must not be supposed that Eddington’s work 
in different fields always led to uni(iuc conclusions 
which were universally acceptable. A large amount 
of the work was of speculative nature and give rise 
to heated controversies. Views diametrically opijosite 
to his own arc held by many astrophysicists on many 
issues, but it may safeb^ be said that Eildiiigton’s 
speculations and the attendant controversies have 
generally led the way to our better understanding of 
the stellar phenomena. 

We have already remarked on the part played 
by Eddington in spreading the doctrine of Generalized 
Relativity in the English-speaking countries. The 
internal beauty of the theory and the observational 
confirmations it received from time to time brought 
complete conviction in the mind of Eddington about 
the correctness of the theory, so much so that it 
entirely determined his subsequent outlook rcgaiding 
the universe and the cosmos. He was a firm believer 
in Ecmaitre’s Cosmology, popularly known as the 
theory of the Expanding Universe, which he himself 
developed considerably. In a recent modification of 
of his cosmological theory Eddington has put down 
the time scale for the evolution of the universe at 
something less than 9 x jo* years, and remarks, “I 
do not .see much prospect of evading this limit**. The 
writer Ims an experience of Eddington’s unbounded 
enthusiasm for relativity. In December 1937, 
Eddington came out to India with other British 
scientists on the occasion of the Jubilee Celebration 
of the Indian Science Congress. Eddington was the 
guest of Prof. Saha at Allahabad for a couple of days. 
It was arranged that he should motor from Allahabad 
to I^enares and join the main group of British scien- 
ti.sts who were then taking a hurried tour through 
India. After a crowded programme over two days at 
Allahabad, Prof. J'ddington accompanied by Saha 
and the writer .started for Benares in a car, .Saha 
whispered to the writer in Bengali “we must not talk 
but give the old man .some rest”. We tried to be 
discreet, but soon discovered we were mistaken. The 
”old man” was never tired of talking Relativity. In 
fact, we had a most stimulating discussion on Rela- 
tivity and Cosmology for over an hour and a half 
in the car while the corn fields of that Hat country 
were flying on both sides of us. 

Eddington did not stop with the Relativity 
theory of the gravitational phenomena. He endea- 
voured to extend it to the theory of electrons and 
protons. His latest idea was the square of the ratio 
of the electric and gravitational forces between the 
electron and the j)roton is of the order of tlie numln'r 


of particles in the universe, which he put down at 
about ro^*. His theory aims at obtaining relations 
between the fundamental physical constants, such as 
the ratio of the masses of the electron and the proton 
(given by a root of a quadratic e(iuation), or defini- 
tion of the range of nuclear forces (given by fe = 
1^0/ ^ N, where Ro is the radius of the Einstein 
Universe, N the number of particles in the universe, 
and k defines the potential of nuclear forces c’**/** ), 
and ([uantities of this kind. These speculations have 
not received support from the contemporary 
physicists and astronomers. But it must be admitted 
that a complete cosmological theory should in addi- 
tion to a full description of the existing state of 
affairs also make attempts to pry into the mysteries 
of the universal physical constants and the relations 
amongst them, to which our attention has also been 
drawn by Dirac. Eddington attempted to arrive at 
conclusions regarding lliese questions by his own 
method. His views regarding his own attempt at a 
unitary theory of the physical world' cannot be better 
expressed than by his own words as follows ”A 
unified theory docs not necessarily mean a unified 
formula \ The latter kind of unification is exempli- 
fied by the theory of the ‘‘Generalized Astronomical 
Instrument”, which combines in a single cciuation 
the theory of the altazimuth, meridian circle, prime 
vertical in.strunient, e(iuatorial, and almucantor. We 
do not aim at producing a formula which shall in- 
clude simultaneously the irregular gravitational fields 
of general relativity and the quantized energy of an 
atom. We seek instead the cotnmon meeting point 
from which the specialized developments and approxi- 
mations appropriate to the gravitational and the 
atomic problem branch off (Relativity theory of 
imitons and electrons) 

For his grand attempt at a complete understand- 
ing of the universe we should call Eddington a philo- 
sopher. But his contribution to positive knowledge 
is not in any way meagre. By his ‘‘analytical boring 
machine” he has opened up the bowels of the stars, 
from whicii we have gained definite knowledge about 
their interior in .several respects. He has raised mere 
speculations into the higher rank of mathematical 
tlieories through which contact with observational 
ilata has been made possible. He has disseminated 
the knowledge of the physical world which modern 
.science lias gained, among ordinary men through his 
charming English style and refreshing humour. He 
has also rai.sed storms of controversies which wdien 
they blow over will clear up our horizon and enable us 
to sec better the brilliance of his work, and appre- 
ciate what addition he has made to our knowledge. 

N. R. Sen 
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FERTILIZER MISSION'S REPORT 

Thk Technical MiSvSion headed by Mr (/. S. 
Gowing of the Imperial Chemical Industries Ltd., 
which was aiipointed by the Government of India 
to investigate, and report on, the tcclinical prob- 
lems involved in the manufacture of ammonium sul- 
I)hate in British India in (juanlities up to 
tons per annum, has now submitted its final report. 
The Mission recommends that the establisliment of 
a single factory, with a cajjacity of turning out 

350.000 tons of ammonium sulphate annually, at a 
capital cost of lo’i crores of rupees in Harduagunj 
near Aligarh in the United Provinces will be the 
most economic so far as their findings go. The cost 
of production per ton of the manufactured jiroduct 
from such single plant would be Rs. T14/- at factory 
and Rs. 126/- at the distributing centre on an ap- 
proximate calculation. 

The possibilities of setting up more than one 
factory have also been investigated, but the report 
shows that the larger the number of producing cen- 
tres with smaller plant capacities, the greater will 
be the c»)st of manufacture, both capital and recur- 
ring. Thus, for two synthetic fertilizer factories, 
one near Aligarh with a production capacity of 

250.000 tons and the other in the Cauveri area with 

100.000 tons capacity, the capital cost is estimated 
at Rs. 12*7 crores and the manufacturing cost per 
ton at Rs. 127/- at factory and Rs. 155/- at the 
distributing centre. The establishinenl of three 
factories at three different jdaces such as Dhanbad, 
Aligarh and Trichy, each having an output capa- 
city of about 116,700 tons per annum, would involve 
a capital expenditure of about Rs. 15*7 crores and 
make available animoniuni .sulphate at Rs. 139/- 
per ton at factory and at Rs. 144/- at the distribut- 
ing centre. I^'or six factories in six different centres 
such as Dhanbad, Moghalsarai, Amritsar, Bombay, 
Trichy and Be/.wada, five having a prcKluction capa- 
city of 50,000 tons each and one with a capacity of 

100,000 tons, the capital cost is likely to run to a 
figure as high as Rs. 21/- crores, and the cost of 
ammonium sulphate per ton is estimated at about 
Rs. 167/-. These considerations have led the 
Mission to recommend centralized production of syn- 
thetic fertilizer through one single factory to Ik; 
located at Harduagunj near Aligarh, which is con- 
sidered as the best site. 

After due consideration of the raw uialerials 
nece.ssary for the manufacture of aniinonium suliilmte 
and at the same time available in India in abundance, 
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the Mission concludes that the most economic pro- 
cess would consist in the production of ammonia 
from water gas made from coke and its subsefiuent 
conversion to animoniuin sulphate by treatment with 
gyi)sum. The required coke will have to be obtained 
from llihar and gyp.sum or anhydrite from Khewra 
in the Punjab. In view of India’s limited reserve 
of coking coal, the Mission has suggested that the 
possibilities of utilizing non-coking coal for the 
production of water-gas slnnild lie fully investigated. 
The use of charcoal in place of coke has been dis- 
couraged, as its use, in the Mission’s opinion, does 
not olTer any advantage. Anhydrite, however, can 
be used in inefcreiice tf> gypsutu, jirovided it is 
available in adequate supply, and for this a thorough 
survey of the Punjab vSall Range should be under- 
taken. If such a supply be not ensured, production 
of gypsum in Rajputana should be developed as a 
second .source. 

Granting that decision will be reached in favour 
of setting u]) a single factory, the Mission calculates 
that the allocation of cajutal expenditure between 
India and abroad will be Rs. 6*0 crores and Rs. 41 
crores resi)cctively. We are given to understand 
that the fullest use will be made of raw materials and 
labour available in India. vStructural steel work and 
buildings, mild steel, construction work such as 
tanks, ve.ssels, low pressure gas and air mains, gas 
holders and i)Urifiers, cranes, cast iron water mains, 
cast iron tanks and vessels, a projxjrtion of the 
mechanical eciuipment and refractory materials can 
be obtained in India. 

As the .Mission was primarily concerned with 
the manufacture of ammoniiiiii sulphate, it has not 
calculated the capital and ojierating cost of alter- 
native nitrogenous fertilizer, such as ammonium 
nitrate. It has, however, stated that the production 
of ammonium nitrate will be definitely cheaper and 
that work should be instituted to determine die 
.suitability of ammonium nitrate as fertilizer under 
Indian conditions. With regard to the (luestion of 
technical personnel needed in the industry, the 
Mi.s.sion recommends that a number of Indian 
chemists and engineers with good university quali- 
lications and sound experience in some of the che- 
mical works or ordnance factories in India should 
be sent overseas for training. Initially, the Mission 
sugge.sts, the erection of the idant will be the res- 
ponsibility of a main contractor who will be under 
obligatiiAi to provide a number of technicians. The 
training of Indian nationals who will ultiinately 
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assume control of the plant will be best carried out 
by allowing them to be on the site to watch the 
erection of tlie plant. 

THE UNIVERSAL DECIMAL CLASSIFICATION 
FOR LIBRARIES 

We learn from a report in a recent issue of 
Science that the Hritisli vSlandards Institution has 
undertaken to publish a mimbur of volumes on the 
Universal Decimal Classification for Libraries, of 
which the first four completed volumes have already 
appeared. This work presents a sy.stem for classi- 
fying library books, that can be applied to special 
.subject libraries, as well as to general libraries all 
over the world. The elimination of language and 
its replacement by numbers have made possible the 
use of a library of any country by a librarian of any 
nationality with perfect ease and freedom. 

The Universal Decimal Classification is, in fact, 
the improved and enlarged version of the Dewey 
Decimal .system developed along somewhat the SJime 
principles. This classification was prepared by the 
Federation Inlernatitmal de Documentation with the 
help of leading experts in many fields. The Inter- 
national Federation of the National Standardizing 
As.sociations adopted it for the classification of its 
documents. The present English edition of the 
Universal Decimal Classification followed the request 
of both the British Society for International Biblio- 
graphy and the Association of Special Libraries and 
Information Bureau. French and German edition^, 
however, appeared before. An abridged .system 
formed by the major groups with simpler symbolic 
representation, which can be advantageously used 
for the classification of books in smaller libraries, 
is also available. 

The Universal Decimal Classification, as is ex- 
pected, is under the continual suiiervision of experts 
seeking to keep it up-to-date. The Commission and 
Secretariat of the classification of the Hague has the 
final decision for amendments and extensions. The 
classification is highly useful to experts and libraries 
in sjiecialized fields owing to its detail and flexibility 
to accommodate an indefinite number of subdivisions. 
It is also well adapted for use in connection with 
various automatic card sorting machines. 

SOVIET OBSERVATORIES UNDER GERMAN HANDS 

Ciiriosify centres round the fate of observatories 
and .scientific institutes of U.S.vS.R., while under 
German hands, now that the German occupied terri- 
tories of Soviet Russia have been liberated by the 
Red Army. Nature has recently published notes 
on the looting of Simeis Observatory in Crimea and 
the gallant saving of the valuable library of Pulkovo 
Observatory,, now a l.ear) of ruins, which make 


interesting reading. Before the German occupation 
of the southern part of Crimea, the staff of the vSiineis 
Observatory could carry with them the object glasses 
of the two astrographs and part of the laboratory 
equipment during evacuation. In May 1944, after 
the liberation of Crimea, Dr Shajn was sent by the 
Academy of Sciences to inspect, and report on, the 
remains of the Observatory. The investigations of 
Dr Shajn reveal that during September and October, 
1943, German specialists dismantled all the Obser- 
vatory's instruments and dispatched them first to 
Simferopol and thence to Germany. The instru- 
ments so removed include the 40-in reflecting tele- 
.scopic, the double astrograph, a new astrograph for 
zonal observations, a photo-heliograph, three steel 
.spectrographs, a large coelostat, a long-screw mea- 
suring machine, a Rci)S(j 1(1 machine, a microphoto- 
mclcr and two astronomical clocks. Be.sides, the 
whole library collection of more than nine thousand 
negatives and the equipment of the i)Ower .station 
and workshop were carried away. The wooden parts 
of the three Observatory domes, the wooden build- 
ing which housed the spcctro-hclioscope and a num- 
ber of other jnivilions were destroyed. The main 
building of the Observatory caught fire on January 
18, 1944, and nothing was done to bring it under 
control. This is another instance of Nazi vaudali.stii 
in which the Germans have specially indulged in this 
war whenever there has been an opportunity. 

The destruction of the valuable library of the 
Pulkovo Observatory was generally assumed when 
the Germans destroyed it in 1941 (vScuc.nce and 
CULTURK, Vol. 7, No. 12). This library contained 
many rare treasures, including the manuscripts of 
Kepler. According to an information of the Moscoiv 
News, it is learnt that the library has e.scapcd des- 
truction. The library was stored away in the base- 
ment of the building, and after the Germans shelled 
the OKservatory for three weeks, decision was taken 
to save the library at any cost. The emi>loyecs of 
the Leningrad Mii.suems and Park Administration 
who undertook to remove the library worked under 
inces,sant arlillvry fire in the middle of October, 
r94T, until all the books were removed to a safer 
place. The act represents a heroic effort of the 
highest order ihat has ever been made to preserve 
the culture and civilization of men, accumulating 
through ages. 

THE 1945 ART IN INDUSTRY EXHIBITION 

The fifth annual Art in Industry Exhibition 
will be held in Bombay at the J.J. School of Art 
early this year. The prospectus of the 1945 Exhi- 
bition, just issued, indicates that this year's exhi- 
bition is going to be far wider in scope than its 
predecessors. The exhibition will include sections 
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clcvfitcd to commercial photography, typojj.ra])hy, 
handicrafts, interior decoration and all types of com- 
mercial art. The Odislandinji: Production section, 
a successful feature of the last exhibition, has also 
l)eeii included and proposes to show the best of 
India’s wares judged from the criterion of pleasing 
appearance. The exhibits of this section will com- 
prise the best furniture, cloths, j»lassw'are, ] lottery, 
priiilin^4, etc. The prize money allotted for this year 
totals Ps. 25, OCX)/- and is reported to be tlic largest 
sum ever offered to artists and art students in any 
siui^le exhibition in India. 

We further learn with satisfaction that the pro- 
posed Indian Institute of Art in Industry will be 
registered this year and will take over control of 
the movement after the next exhibition. The Insti- 
tute will be an All-India body with ineinberskip 
extending from the Central Oovernment rij;lit down 
to students, the latter requiring to pay Ks. 5/- per 
annum. There are cla.sses of membership for every 
type of firm, body or individual. Tlie Institute fur- 
ther proposes to undertake educational work, bring 
()Ut many iiublications concerned with applied art, 
and 1iel]» India’s industrial progress in many direc- 
tions as soon as funds are available and conditions 
return to normal. 

We have always advocated the importance of 
Art in Industry movement and are glad to note the 
steady ex])ansion of the exhibition, first conceived 
and organized by the Burmah-Shell. The success 
of the iq/j/l cxhi])ition, we arc told, led the luforma- 
lion and Broadcasting Dei)artmcnt, Coverniiieiil of 
India, io send to ringlaiid the 300 best entries for 
disfilay ill bondoii by the High Coiinnissioner for 
India, which were highly appreciated. The fact that 
the organizers of the exhibition have found it pos- 
sible to bring into existence the Indian firstilute ol 
Art in Industry within so sliort a period is a clear 
iiidicali«)ii of the need ol a like institute and of the 
deej) apiireeiatioii of the movement on the part of 
Indian industrialists, and we entertain 110 doubt as 
to the significant role the Institute is desliiie<l to 
play in the industrial life of future India. 

STORM OVER SUNSHINE D 

Undkr this heading Time (3o-io-,t4) has given 
an account of the intervention by the antitrust divi- 
sion of the IJ. vS. A. Justice Department in a recent 
patent infringement suit brought by the \\ isconsin 
Alumni Research Foundation. 

The history of the starting of this Foundalioi’ 
is very interesting. Dr Harry Stcenbock, the 
famous biochemist of the Wisconsin University, dis- 
covered a method of enriching the vitamin D content 
of many food products by irradiating them witn 
ultraviolet light from a quart/ mercury vapour lamp. 
This method is based upon the discovery that thCvSe 


food products contained ‘provitamins’ which could 
be activated l>y ultraviolet radiation contained either 
in (he sun’s rays or by artificial means. In order to 
avoid unscnqmlous commercialization of his dis- 
covery, Dr Stcenbock decided to let the University 
utilize his patent and use the profit for research. 

Nine aluniiii of Wisconsin started the Founda- 
tion in rg2.s, which has no direct connection with 
tlie riiiversity. In all, the Foundation has accumu- 
lated $9, 000, OCX! which will eventually go to the 
University. vSo far the University has received 
$2,500,000. Dr vSteeiibock gets out of this only his 
usual salary of $12,000. None of the Foundation 
members, each of whom subscribed $100, nor any 
of the siibseiiueiit members have received anything 
emt of this fund. Tlie Frcsidciit of the Foundation, 
fk'orge Height, a w'cll known Chicago patent lawyer, 
also gets nothing. 

The change brought by the antitrust dejiartment 
against the Foundation is that it has conspired with 
lO comjianies to sup])ress cfimpetitioii in the manu- 
facture and sale of vitamin D. They are also charged 
with liiniling the potency of vitamin 1) used iii the 
widely advertised ‘enriched’ bread, milk and other 
foods, thus preventing such foods from competing 
with regular vitamin D inodiicts. It is stated that 
the C(jst of making vitamin I) that sells for from 
$.>‘35 $10*80 is 15 cents. The high prices 

charged are said to prevent the ver\' people wdiosc 
need of vitamin 1) is the most acute from oblaining 
it. This case brings up the very interesting problem 
of the ethics of profit making, when such profits 
arc utilized for jmblic utility purposes like the sup- 
port of university research. 

THE 27TH ANNIVERSARY OF THE BOSE INSTITUTE 

Tiik 27th anniversary meeting of the Bose 
Institute took place on the 50th November, 1044, 
when the .sixth Sir J. C. Bose Memorial Lecture on 
‘The Kvolutioii of Life Form’ in plants was delivered 
by Dr K. P. Biswiis, vSuperintendent, Royal Botanical 
(Lirdens, Calcutta. 'I'he Director’s report presented 
to the meeting de.scribes the principal investigations 
undertaken in the Institute last year. We give a 
short summary of the report. 

Sir J. C. Bose’s investigations on motor organ 
of plants like Mimosa, Desiiiodinm, etc. are being 
continued with a view to elucidating the biochemi- 
cal processes underlying the motility of different 
plant organs. The energy of the pulsatory move- 
ment of the leaflets of Desmodium gyrans has been 
shown to be due to photosynthetically produced car- 
bohydrates in the leaflets. The rc.spiration of the 
leaflets under favourable conditions shows the same 
periodicity as their mechanical pulsations. Fffects 
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on respiratory activities of co-enzynies like thiamin, 
nicotinic acid when added to various substrates tike 
glucose, sodium salts of pyruvic, citric, malic acids 
have shown tliat the addition of a minute trace of 
indole-acetic acid increases by fifty per cent, the res- 
l)iration in Desmodinm leaflets with sodium malate 
as substrate, imlicatiiiK that the fundamental func- 
tion of the auxins in cellular metabolism is of a 
resi)irator\’ catalyst. Hose had already found that 
in the pulvini of these motor plants an active sub- 
stance is present which, by inicrocheinical tests, was 
identified as an nnsaturated carbon coniponnd which 
is neither a fat nor a lipoid. This substance has now 
been identified as a carotenoid of the crocetin Rrouj^, 
which has been recently found by Moevvus, Kiiliii 
et al to be responsible for the motility of the flagella 
of Chlamydomonas cuf^aniatos, and for its sex beha- 
viour. 

Cosmic ray investigations using photographic 
plates and Wilson chamber have led to a new aicthod 
of determining the mass of meson and of its energy 
spectrum in cosmic rays. The mean life time of the 
spontaneous lission of the uranium nucleus has been 
determined by two independent methods, and it is 
found to occur one million times faster than the rate 
calculated by Bohr and W’heclcr. 

Photographs of nuclear fission and burst due to 
cosmic rays produced in the gaseous volume of a 
Wilson chamber have been obtained. Alyplied in- 
vesiigations deal with the production of new mutants 
in jute resulting from treatment of jute seeds to 
X-ra3’S, y rays and neutrons. Some of the mutants 
have de.sirable characters of economic importance. 
Breeding by selection and hybridization of cotton 
with a view to the evolving of long stapled disease 
resistant types is l^eing carried out successfully. 
Retting of jute and other fibres by means of the 
enzyme Hi])arol secreted by certain moulds and bac- 
teria is being investigated with a view to devising 
un economic method of retting fibres under uniform- 
ly controllable coiidition.s. Comparative studies on 
the production of butanol and acetone by moulds and 
bacteria arc being carried out. Production and iso- 
lation of bacteriostatic substances like Penicillin 
from different species of moulds arc being success- 
fully investigated. The fungal infection of rice by 
Ilelminlhosporiuin and methods of combating it have 
been studied. Fungal infection of tropical fruits are 
being studied from a similar point of view. Pro- 
duction of food and medicinal yeast and the oreed- 
ing of suitable yeast strains by selection and hybri- 
dization are being worked out. Vernalization of rice 
for the production of early ripening varieties, pro- 
pagation of potatoes from isolated 'eyes’ are being 
investigated. The period of viability of stored ‘eyes’ 
is under investigation. 


ELECTRICAL CONDUCTIVITY OF METALS 

Prok. K. S. KrIvShnan, D.Sc., F.R.S., deliver- 
ed his Ripon Professorship Lectures at the Indian 
Association for the Cultivation of Science in the 
last week of November. In course of four highly 
illuminating lectures, he explained the w»ave-mecha- 
iiical theory of the electrical conductivity of metals 
from a new stand point. The intensity of scattering 
of an electron beam by a metallic single crystal may 
be obtained by an extension of the method adopted 
by Einstein and Sinoluschowski for the intensity of 
scattering of light by lujuids. The method is readily 
applicable to the case of order-disorder alloys where 
the scattering resolves into two parts, (i) due to 
density fluctuation, (2) due to fluctuation in the 
relative concentrations of the atoms of the two con- 
stituents. The theory was shown to explain a large 
number of electrical properties of order-disorder 
alloys, so far unexplained. The lectures will be 
published in the form a memoir by the Association. 

THE INDIAN DRUGS RESEARCH ASSOCIATION, 
POONA 

JWr welcome the recent formation of the Indian 
Drugs Research Association in Poona, a research 
organization which seeks to carry on investigations 
about Indian drugs from scientific and national point 
of ‘view. The aitns and objects of the Association 
include, among others, the following : attainment 
of self-sufficiency in the matter of medicinal drugs 
in India ; collection and cultivation of all knowledge 
alKmt Indian drugs, which term shall include drugs 
of mineral, vegetable or animal origin, natural to, 
or available in, fiidia ; undertaking of biological, 
chemical, pharmacological, i)harniacentical, clinical 
and other scientific investigations required and 
making all kinds of provi.sion to that effect ; collec- 
tion and cultivation of medicinal plants in a imi.scum 
and garden to be maintained for that purpose ; 
maintenance of laboratories, hospital and a library ; 
publication of papers and pamphlets and arrange- 
ment for di.sciissions, lectures and conferences ; co- 
oi)eration with individuals and institutions interested 
in the Association’s work etc. 

It will take some time before the Association 
can have its own equipment and staff. But it has 
already succeeded in enlisting the active support of 
various experts and in securing facilities for inves- 
tigations in the existing laboratories. 

BASIC CHEMICAL INDUSTRIES IN INDIA 

Dr H. Ghosh, while delivering his presidential 
address at the 6th Annual General Meeting of the 
Indian Chemical Manufacturers Association held in 
Calcutta on Decenibcr 8, 1944, niade a special plea 
for the development of basic chemical industries in 
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India. He drew attention to the production of 
airinionia, cheap nitric acid and hydrogen, calcium 
carbide, urea, solvent, bye-products of coal tar 
industry etc. He laid special emphasis on the 
development of a powerful coal and coal tar dis- 
tillation industry for which abundant raw materials 
exist and on which depends greatly the ilevelopment 
of fine chemical and pharmaceutical imluslry., 
Referring to the Government’s decision to establish 
the synthetic fertilizers industry. Dr Ghosh em- 
phasized that the Government must not overlook the 
importance of the manufacture of bye-products of 
the ammonium sulphate industry and extiressed 
doubts whether the proposed erection of a single 
fertilizer plant can fulfil the reijuiremeiit of bye- 
products. In his opinion, the establishment of at 
least four units for the production of fertilizers is 
neceSwSary. Dr Ghosh pointed out that during the 
divseussion of the report of the I'ertilizers Technical 
Mission no attention was paid to the possibility of a 
healthy combination between the fertilizer industry 
and the coal tar distillation. Such co-ordination 
among basic industries is, according to him, best 
calculated to promote the growth of basic industries. 
Dr Ghosh advocated that genuine research work is 
today the main foundation of a chemical industry 
and it will have to be so in our case if we are to 
develop a .sound and powerful chemical indus- 
try. AIosl of the chemical and pharmaceutical 
industries in the present state can hardly afford to 
undertake research in their laboratories, and as such 
the encouragement of co-operative research on a wide 
scale appears to be the only solution of this difliculty. 
lie expressed satisfaction at the attempts on the part 
of the Indian Chemical Manufacturers Association to 
start a co-operative organization for industrial 
research. Dr Ghosh bitterly criticized the (foverii- 
ment’s anti-national attitude of facilitating imports of 
drugs and chemicals which can be obtained from 
foreign countries at a cheaper price. 


SCIENCE IN 


‘LIGHTHOUSE’ TUBE 

The General Klectric Company’s Klectronic 
Laboratory has recently developed a new disc-seal 
electronic tube, known a.s the T.ighthousc’ twhe. 
This tube is a megatron tube and is expected to make 
possible the radio relaying of F!M radio and television 
programmes in future. According to a brief descrip- 
tion of this tube, contained in a report of the Science 
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SCHEME OF INDIAN RESEARCH FELLOWSHIPS 

At a conference of Chemical ^ Pharmaceutical 
Manufacturers and representatives of universities and 
research institutions, held recently under the ausince.s 
of the Indian Chemical Manufacturers Association, 
the following resolution was passed : 

“This Couference of Chemical ami Phaniiacculical 
Manufacturers and of reprcsentalives of Pniversities 
ami Research Institutions in India coiuaders tliat closer 
co-opcratioii and co-ordination between the diherent 
Departments of the Government of India, Research 
Institutions and the Industry, are necessary for the 
commercial utilization of the research work carrietl out 
in the l-niversities and Research Inslitutioiis, and 
further development of Chemical and Pharmaceutical 
Industry. With that object in view the. Conference re- 
commends the cslablisliiiient of Industrial Researcli 
Departments in every Tniversity and Research Institu- 
tion with ade(|uate financial aid from the. Slate and the 
industrialists to be worked undi^r the. guidam*e and 
control of Research Councils comprising of the repre- 
sttntaLive.s of the Industry and vScientific experts. This 
Conference further urges the Indian Chemical Manu- 
facturers Association to formulate a scheme of in- 
dustrial research fellowships to he started for promoting 
industrial research in Universities and Research Institu- 
tions in the country.” 

ANNOUNCEMENT 

The University of London has conferred the 
Degree of Doctor of Science (D.vSe.) on Dr C. N. 
Acharya, Chief Biochemist to the Imperial Council 
of Agricultural RCvScarch, for his investigations in 
the field of biological decomposition of organic mate- 
rials, with special reference to flic preparation of 
farm and town composts. 

ERRATUM 

PuvASK read ‘pared which records the population 
ill the three age’ for ‘part in this period. Thus the 
table II has been pre-’ on page 2 .M, line 2 i from top 
(coluiiui I), in our December issue. 


INDUSTRY 


Xeics Letter, August 19, 1944, the new disc-seal 
electronic tube eliminates the conventional type of 
grid, anode and cathode. Instead of comiioiienls 
being fitted around one another as in the past, they 
aiv now constructed ip parallel planes or layers, with 
glass and metal fused in rigid, inseparable units, 
callable of withstanding severe handling. A new 
family of ultra-high frequency electronic tubes, 
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circuits, and apparatus, specific information of which 
is not available for reasons of necessary military 
secrecy, operate in parts of the radio spectrum. 
I{xtremcly compact in structure, the tube represents 
an important advancement in frequencies and power 
available for use in the electronics field J ^5*3 O 

'J'he failure to produce electronic tubes and 
apparatus of sufficiently hifth power hitherto acted 
as the main obstacle in the way of usin^ hip^hcr fre- 
(lucncies. The use of higher frequencies necessitates 
the use of smaller tubes with conseiiuent reduction in 
l)ower. The ]>arallel plane construction of the niega- 
tron tube, it is stated, makes possible production of 
high fretiuencies at sufficient power. Resides, many 
high and ultra-high frequencies are also available, 
from which any one may be selected for a particular 
service, such as television, FM, radar etc., and used 
without interference by others. 

MECHANIZING AUSTRALIAN VEGETABLE 
PRODUCTION 

Thk Bulletin No, 52 of the Australian Associa- 
tion of Scientific Workers contains results of a recent 
drive for vegetable production through mechanized 
farming in Au.stralia. Nearly two years ago the 
Commonwealth Government introduced mechanized 
methods for the production of vegetables and secured 
the services of some American specialists in this field 
to take advantage of the scientific experience gained 
in mechanization in the U, S. A. The total vegetable 
acreage in Australia annually averaged about 
250,000 acres during the pre-war period from 1935- 
1939. In i943-44i «s large an area as 468,000 acres, 
nearly double the pre-war figure, accounted for 
Australia's vegetable production. The principal vege- 
tables whose production has been thus increased in- 
clude potatoes, carrots, onions, tomatoes, peas and 
navy beans. 

Tractors — row crop tractors, which arc now 
imported from America under Lend Lease, form the 
basis of the mechanization scheme. The Australian 
technicians have redesigned all the attachments and 
acce.ssories for row crop culture on the basi.s of pilot 
models brought in from the U. S. A., which arc now 
being manufactured in Australia, This equipment 
has made possible quick change over from hand-hoe 
culture to multi-row vegetable culture. A grower 
equipped with one of the small 3 II. P. garden tractor 
can handle as many vegetables as 7- to men could do 
with hand tools. Seeding, cultivation and crop dust- 
ing can now be done at the rate of 20-30 a^^rcs per 
day per man. The great increase in speed is better 
refiected in the production of green peas for canning 
and quick freezing. The old methods of liand harvest- 
ing required about 130 man hours per acre to pick the 
crop. The mechanical methods which have com- 
pletely eliminated hand picking have reduced the 
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harvesting labour requirement to only 10-15 
hours per acre. 

BIOCHEMICAL FOSSILS 

Prof. D. I,. Fox of the vSeripps Institution of 
Oceanography in Science, August ii, 1944, reports 
llie (luanlitativc and qualitative carotenoid pigments 
encountered in marine sediments of hundreds or 
thousands of years standing. These highly labile 
compounds are capable of being preserved over vast 
ages o[ time, due to the lack of free oxygen, absence 
of light and perpetual temperatures of nearly o^C in 
the buried strata of the Ocean floor. 

Pigmentary compounds of the plant and animal 
projihyrin series have been encountered in petroleum, 
coal and shale oils. Similarly, other chlorophyll deri- 
vatives accompanied by carotenoids and sometimes 
associated with pigment common to petroleum occur 
in long and deeply buried marine sediments. These 
ancient depo.sits may be regarded as diagnostic 
features in the search for biochemical processes in the 
origin of petroleum and allied natural deposits. 

Carotenoids have been reported in Moor soils, in 
muds from lakes, marshes, and underground caves. 

In the present investigation attention is directed 
to the i)robable ages, history and biochemical signi- 
ficances of these pigmentary compounds iti natural 
deposits. 

PRODUCTION OF OIL FROM PLANT MATERIAL 

Thr plant conversion process puts liquid fuel 
at the disposition of all civilized nations. Any 
country which is not blessed with natural oil and 
which has or can develop an adequate agricultural or 
forest production can now produce an important part 
ot its li(|uid fuel needs. Time is not far off when 
oil products should be obtained from sources other 
tlian natural oil, as the experts in the field are in- 
clined to think. Prof. E. Berl of Carnegie Institute 
<»f Tecliiiulogy in Science, April 21, 1944, states that 
by a COJ4I rolled internal combustion one can get from 
coni stalks, corn cobs, sugarcane, bagasse, sea weed, 
algae, saw dust, Tri.sh moss, molasses, sorghum, grass 
or any other carbohydrate containing material a sub- 
stance called “ Protoproduct which is semi-liquid at 
room temperature and liquid at higher temperature 
and contains about 60 per cent, of the carbon content 
of the original plant material. The “Protoproduct*' 
is a hydrophobic substance and separates easily from 
the watery metiium, and no further concentration is 
necessary. It can be used as fuel oil or in Diesel 
engines. 

About 50 per cent of oxygen is contained in 
plant material, e.g. in dry sugarcane. Protoproduct 
made from sugar cane contains 20-10 per cent of 
bound oxygen wdiich can be removed by hydrogene- 
tion as a rc.snlt of which about 45 per cent of 
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the original carbon content of sugarcane, results as 
gasoline, kerosene, and lubrication oil — 17'/\ per cent 
of the original carbon content in sugarcane are found 
in this gasoline. Kerosene fraction contains 197 per 
cent, of the sugarcane carbon content. The remain- 
ing asphalt like material contain 15 per cent of the 
sugarcane carbon content and is derived mostly from 


the liquid content of the plant and can be used for 
purposes where natural asphalts are used. From 100 
long tons dry sugarcane result 2*980 gal. gasoline, 
.^.430 gal. middle oil, and 1,210 gal. lubrication oil. 

It would be wise and practical to use imne and 
more agricultural products for the production of 
li(iuid and senii-li(iuid fuels. 


SOME ASPECTS OF FRUIT CANNING INDUSTRY 

vStTRKSTI SICTTTNA 

ni'PARTMKNT OF ClUvMlSTliY, l-rPHINSTONK (.'OI.I.W'K, liOMBAY 

(Continued from Iasi issue) 


Transix>rt 

The problem of transport is also of vital im- 
portance. Fruits may have to be transported over 
long distances either by road or rail. This has not 
only to be quick as fruit is a ])erishable commodity 
l)Ut it has to be efficient for if the fruits are tran- 
si)orlcd and handled in a negligent manner spoilage 
may rc.'^ult. Ineflicient packing, rough handling and 
(lumping of din’erent fruits together in closed wagons 
may spoil delicate fruits. The rales of transport are 
also going to affect considerably the price of the 
canned products. This applies both to the raw mate- 
rials and the canned products. Government can help 
here in the initial stages of the industry by reducing 
the freight on canned products or fruits meant for 
canning. It can also improve upon the present tran- 
sport facilities. 

Makkhtinc op Canned Fruits 

The slow development of the fruit canning 
industry in this country is to some extent due to 
want of markets for the canned fruits. Tow standard 
of living, prejudice against canned foods and a feel- 
ing that the Indian canned foods are inferior to 
foreign products have restricted the sale of Indian 
canned products and the Indian producers had to 
turn to foreign markets for the disposal of their 
products. The i>rcscnt war has given a fillip to this 
industry but this has been offset by the difficulty ol 
getting the containers. The import figures for canned 
and bottled fruits for the two years just preceding the 
j^resent war, given below, will show that the imports 
of such products in India were not inconsiderable. 

In post war India it is difficult to visualise what 
exactly will be the difficulties of the fruit canning 
industry. Anyway if a large market has to be oi)cned 
up in India it is inix>erative that the prices of canned 
fruits are low^ered by efficient organisation and pn)- 
duction and the quality of the products brought on 


a par with the foreign products. As .shown later, 
Government can hel]» substantially in this matter. 
The Malayan Pineapi)le Industry succeeded because 


Imiorts of Canned or Fottucd h'KuiTS'’ 



Ona}itily ill iiets. 

Value in 

Kul^ces 

From 
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1937-38 

1038-39 

1937-38 

1938-39 

riiited Kingdom 

2,tm 

2,261 

1,64,898 

1,40,108 

Strait Settlements 

20,075 

21,991 

1,98,296 

2,05,350 

Hongkong 

217 

116 

5.394 

2,891 

Coninionwealtli of A 11 .S- 





tralia 

3,821 

3,792 

1,11,772 

1,11,956 

OlIuT Uritish j)osses- 





.<;ions 

314 

562 

5,838 

9,033 

1* ranee 

143 

65 

15.2J)0 

! 5,003 

Italy 

668 

629 

24,423 

25,181 

Japan 

239 

421 

5,368 

7,356 

r. S. \. 



1 


via \i1antie. Coast ... 

1,761 

680 

1 64,083 

23,713 

via Pacine. ... 

16,260 

13,192 

6,09,576 

4,68,688 

Ollitr foreign countries 

133 

172 

6.660 

10,034 

Tf»lal 

46,62.S 

43,881 

12,11,598 

10,09,313 


it marketed cheap products of good (piality so that 
they could find a place in the budget estimates of a 
middle class family. 

The exports of Indian canned fruits or fruit ino- 
ducts prior to the war w’cre not much and mango 
pulp and slices formed the bulk of the exi)orts. If 
the exports are to be increased markets must be 
developed but it is not easy to oust countries with 
\\ell established canning industry from the f%»reign 
and home markets and establish the sale of our pro- 
ducts. A start must therefore be made with our 
exclusive fruits like mangoes canned both as puli> 
and slices. When these fruits establish their repn 
tatioii in the foreign markets it W'ill not be very 
difficult to introduce other common fruits on the 
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reputation of our exclusive fruits. High rates of 
tariff, food acts, standardisation specifications and 
last but not the least the prejudice against Indian 
goods are hurdles over which we shall have to jump 
successfully if our canned fruits are to sell in the 
world markets. 

Ill the marketing of canned fruits it should he 
borne in mind tliat the fruits wliich have the widest 
appeal are those which are not easily obtainable in 
the fresh state or obtainable only at prices beyond 
the reach of the consumer with a small purse. If 
the product marketed is to be cheap it is necessary 
to reduce the number of middle men as far as 
possible. The fruit marketing board can very well 
undertake the marketing of canned fruits. 

Nkkd roR Reskarch 

There is constant need for scientific resc'arch in 
the canning industry. Numerous are the problems 
which crop up. New fruits to be canned require 
elaborate investigations if thc.se canned fruits are to 
.satisfy the markets. The canning of the usual fruits 
for which data is available also rai.se problems which 
have to be tackled. The variety growing at some 
place may not be quite amenable to canning condi- 
tions. The effect of storage under tropical conditions, 
the density of syrups for our fruits, the suitability 
of various colouring matters, the problem of spoilage, 
the possible means of holding over supplies of fniits 
for canning at a later date require study under the 
conditions prevalent in the various parts of this 
country. While every cannery which claims to be 
modern will have a small research laboratory to solve 
its individual problems there will still remain a need 
for one or more research stations to invc.stigate 
broader and more fundament«al problems of canning 
c.jr., experiments on the corrosion of i^lates, substitu- 
tion of newer types of containers etc. It should also 
he a centre for the dissemination of information on 
canning by means of bulletins and should attend to 
the iiifiuiries of canners and advise them where such 
an advice is likely to result in an improvement of the 
product. It might also give a course of in.stniction 
in canning practice. No doubt at present some 
notable work is being carried out at a few experi- 
mental stations in India like Poona and Lyallpur but 
a big central .station like the Fruit and Vegetable 
Pre.scrvation Station at Campden in England is a 
necessity. The station has from the beginning taken 
a broad view of all canning problems and has become 
famous the world ov er for its investigations into the 
fundamental problems and for its help to the canning 
factories in the TTnited Kingdom. Nf)w administered 
by the Department of 5%cicntific and Industrial 
Research it is maintained partly by a grant from the 
Government and partl\ f»v ''ontributions from the 


canning and allied trades which are represented on 
the Technical Advisory Committee and on the 
Managing Committee. Apart from the pursuit of re- 
search and expert advice on technical problems, it 
also conducts courses of instructions in the principles 
of canning where students from different countries 
lake training. The station also tests samples for the 
National Mark Scheme. 

Advani'agks and disadvantages ok Fruit Canning 
Industry on a Largic Scaee and Cottage Scaer 

There arc conflicting views on the subject 
whether canning industry can be worked on the 
cottage scale or not. Due to lack of transport faci- 
lities and the excess of production over consumption, 
surplus fruit is left at times on the site of produce and 
needs some outlet. This can be canned if a small 
cannery with home canning appliances is set up at 
such places and this will result not only in the can- 
ning of surplus fruit but there will also be no tronldc 
of transport of fruits over long distances lo a big 
cannery e.specially during rainy season when it is 
difficult to do .so. The canned products can be tran- 
sported when conditions permit. The bulk lo be tran- 
sported is also thus reduced. Small .scale canning will 
lead to the elimination of charges incurred over collec- 
tion of big capital, registration, factory over head, 
costly foreign machinery etc. The small scale manu- 
facturers canning different products at different 
centres of fruit production should be brought together 
under one or more co-operative concerns for market- 
ing the product. This body should buy the cans, 
bottles and other rciiuirements and distribute to the 
manufacturers. It should then label the products 
under its own name aud do the work of advertising 
and marketing. It may also maintain technical 
advisers, canvassers, research workers etc. 

A large scale canning factory will be in a posi- 
tion to run profitably if it works at its maximum with 
resulting mass production and markets will have to 
be found for thc.se products. Again such a factory 
must can different fruits or else close down for some 
months owing to the strictly seasonal supply of 
fruits. 

Against the advantages of canning as a cottage 
industry may be listed its disadvantages. The pro- 
ducts of different small scale canners will not be of 
uniform (piality. Proper .sorting and grading will be 
difficult for jicople whose main aim will be to dispose 
off their surplus fruit. Syruping, filling, sealing and 
proce.ssing may not be properly carried out and may 
lead to spoilage as has been observed in some coun- 
tries, sometimes even to food poisoning. Proper 
hygienic conditions may not be maintained. If pro- 
per control can he exercised through food inspectors 
over small scale manufacturers, small scale co-opera- 
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tive concerns do deserve encouragement, especially in 
this country wliere any small addition to the incotne 
of the rural population is always welcome. 

It has been estimated by the National Phuinin^ 
Committee’s Sub-Committee on Horticulture that .1 
fair sized canning factory reejuires a capital of Rs. to 
to Rs. 15 lakhs but at a conservative estimate Rs. 5 
lakhs would suffice for a niediiun sized factory. Tlie 
Committee was also of the opinion that “in so far as 
the household or local demands arc concerned, small 
industrial units may be started with a capital ol eight 
to ten thousand rui)ees on co-operalive basis, but 
\vhere production is large and is meant for preserva- 
tion, either for interprovincial or international trade, 
it should be in the hands of big industrialists. “ 

How TiiR Governmknt can iiiu.p ttik Inditstky 

Various measures have been suggested from time 
to time as to how Government can help the fruit 
canning industry. They may be briefly summed up. 
The Government can help the raising of capital for 
large canning ventures by an assured capital from 
Government or by a subsidy from the Government 
I)cr can produced for the first few years and later 
only on cans which arc e.xported. Import 
duties may be imposed 011 the foreign canned pro- 
ducts which arc likely to compete with our own. The 
duty on the materials used for canning like cans, 
sugar, canning equipment, etc. may he reduced or 
removed altogether for a few years. A reduction in 
freight and i)roper transport facilities for the tran- 
si)ort of raw fruits for canning will go a long way 
to help the industry. The trade commissioners in 
foreign countries ina}’ be instructed by the (govern- 
ment to make propaganda for our products and get 
prominence for them in International exhibitions. 
The Goveriinient can put the services of the Agricul- 
ture Dei)artmcnt at the dispo.sal of the canning in- 
dustry so that the canners may get expert advice on 
the availability of fruits and their keeping qualities 
and the cultivators on the inii>rovcment in the varie- 
ties of fruits with a view to get better results in 
canning and so on. Through its department of 
Industries the Government can give expert advice on 
technical matters. All this may be done efficiently 
by one or more research stations as ineiitioiicd before. 
The Government by enforcing a National Mark 
vSeheme or some other measure which permits it to 
examine the products canned and prevent the export 
or local coiivSiimption of products found below mark 
will crentc a good reputation for Indian products 
locally and in foreign countries. Such a control is 
absolutely necessary because if in*the initial .stages of 
our industry spurious goods are exported or even 
allowed to be consumed locally and if this re.sults in 
any deleterious effects on the health of the consumers 


it will deal a staggering blow to the reputation of oui 
products. 

Fruit Canning Industry in thk otiikr 
Parts or thk Wori.d 

The fruit canning industry has develoi)ed to a 
wry great extent in the S. A., Hawaii, Malaya, 
Australia, Japan and Canada as will be seen from 
the following export figures. 

SUMNfARY OF FXPORTS OF <’A\N1'.0 I'RTIT.S FROM PRIXCIPAI. 

SOUUCKS ((innnlity in tlioiis.'iinl cwt.)^ 


( t TV 


Year 

V/Tur 

Percent a f(i 

^ n ^ f Y 


If Kid 

1937 

for 1936 

r/. s. A. ... 


2,3013 

2,397 

48-5 

Malaya 


t,m 

1,259 

25-2 

Au.slralia 


44.^ 

679 

9-3 

Japan 


434 

492 

91 

Canada 


165 

240 

34 

Spain 


114 


24 

S. Africa 


64 

”35 

1-3 

Belgium 


12 

8 

0-3 

P'ratice 


7 

8 

0*2 

I’nited Kingdom 


12 

! 14 

0-3 

Total for 10 countries ... 

4,756 

; 5,032 

1000 

Shipments of canned 

pine- 




apples not included 

above. 




Hawaii to U. vS. A. ... 


4,893 

5,057 


Philippine Islands t(/ 

U.vS.A. 

64 

68 


Formosa to Japar ., . 


330 




The grand total of the export of canned fruit 
in iq,s 6 amounted to over 10 million cwt. of which 
more ihan consisted of canned pineapple. 

While the U. S. A. is the largest producer and 
exporter of canned fruits it loses this place in the 
case of other canned products. Prior to the present 
war, Italy stood first in the export of canned vege- 
tables, Japan in the export of canned fish, Nether- 
lands in the export of canned milk and Argentine in 
the export of canned meat. 

The largest single importing market for most 
canned foodstuffs is found in the Tnited Kingdom, 
the total being per cent of the world exports 

of canned foodstuffs in 10.^7, fruit imports being as 
high as 7 2 ‘8 per cent of the total world exports. 

To just give an idea of the extent to which 
mechanical efficiency lias been achieved in some of 
^hc foreign factories the figures published by one of 
the biggest pineapple canning factory in Hawaii a 
few years back may be given. The speed of the pro- 
cessing machines was 150 cans per^ninute and that 
of lalx;lling i4o<j cans a minute, (^n a record day 
this cannary packed cans, giving an average 

of 2,776 cans packed per minute. Tin plate.s fed in 
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a machine give finished cans at the rate of over 300 
cans a minute. 

Other countries, like Kgypt, Palestine, Eire, 
Kenya, Mauritius and Jamaica are not allowing the 
grass to grow under their feet and are actively trying 
to build up fruit canning industries. 

Fruits Prkskrv'^ation Tndustriks othur than 
Canning or TIottijng 

It is not the purpose of this article to discuss the 
various methods of fruit preservation, however, a 
l)ricf mention may he made here of the other fruit 
preservation industries. These are, salting of 
mangoes, drying of bananas, roasting of cashew nut, 
preparation of fig, guava, papax'a, gooseberry and 
other jellies and marmalades, preparation of chutney s 
and pickles, candying of ‘bor* and the two large 
industries viz., sun drying of fruits and dehydration 
of fruits b}^ artificial means. 

Sun drying of fruits like dates, figs, jack fruits 
etc. is one of the oldest and most important food 
industries and there is scope for extensive develop- 
ment of this industry in this country as they are 
consumed for their distinctive taste which is in many 
cases different from that of the fresh fruits. Asia 
Minor, Greece, Spain and other Mediterranean 
countries and of late California i)roduce most of the 
world’s supply of sun dried fruits. 

The imports in India of dried, salted or lueserved 
fruits and vegetables, not canned or bottled, were 
valued at Rs. t,oo,5t,o 59 in the year 1937-38 and at 
Rs. 87,66,206 in 1938-39,* Though these figures are 
for fruits and vegetables together the imports con- 
sisted in a large part of fruits like almonds, currants, 
raisins, dacs and cashew nuts, coming mostly from 
Italy, Spain, Tran, Iracj, Bahrein Islands, Muskat 
territory, Greece and U. S. A. Apart from this a 
considerable quantity of preserved fruits are imported 
into India through the land routes like the Khyber 
Pass. The exports from India of dried salted or pre- 
.served fruits and vegetables, not canned or bottled, 
were valued at Rs. 19,47,867 in 1937-38 and at 
Rs. 32,00,866 in 1938-39.* It will thus be seen that 
there is plenty of scope for fruit preservation indus- 
tries in India other than canning. 

The dehydration of fruits and vegetables is an 
industry of recent times and was stimulated by the 
Boer War and the World War I. Enormous quan- 
tities of fruits and vegetables are dehydrated and 
shipped to the armies all over the world. The 
dehydration may be carried out by air, superheated 
steam, in vacuo, in inert gases or bv the direct appli- 
cation of heat. Air, however, is the usual medium 
employed industrially. Dehydration industry is grow- 
ing rapidly because of certain advantages it holds over 
sun dried products, nehydrated fruits when cooked 


more nearly resemble the cooked fresh fruits in 
flavour and colour than cooked sun dried fruits. They 
are produced under better sanitary conditions than 
sun dried products which are liable to be contaminat- 
ed with flying dust and subjected to insect nuisance. 
Sun drying again cannot be carried out in the rainy 
sca.son. These and other advantages have led to the 
establishment of dehydration industry on a large scale 
in many countries. 

Preservation of fruits at low temperature is also 
employed where facilities permit and where the dura- 
tion for which they are to be preserved is short. 

If juices of citrus fruits like ‘santra* and 
‘mosambi* and other fruits like ‘jamboo* and pome- 
granate arc bottled and made available cheaply will 
be popular and their increased consumption will be 
beneficial from the nutritional point of view. There 
is no reason why they should not replace aerated 
drinks. 

India is an agricultural country. Malnutrition is 
widespread in this country. There should therefore 
be a strong itripetiis for the wi(k\s]>rencl development 
of fruit cultivation and fruit preservation industries 
so as to bring within the reach of the masses at least 
some fruits. TMay be, without adequate vState support 
we may not be able to compete in world markets in 
canned fruits in which other countries also deal like 
say pineapple, but a fruit like mango is our own fruit 
and it should rapture the foreign markets even as the 
Malayan canned pineapt)le captured many foreign 
markets. 

It will indeed be a tragedy if foreign concerns 
take this trade out of our hands. Of late, numerous 
foreign manufacturers in various trades have esta- 
blished their factories in India. Tt mnv not be long 
before foreign canners come and establish canneries 
for canning of fruits in this country and with their 
home market in their hand, with enormous capital 
behind them, technical experience and reputation onc’ 
single factory may be sufficient to oust small Indian 
concerns even from our home market. Before that 
day dawns let us hope we shall wake up to the 
realisation of the need for the establishment of fruit 
canning industry on a sound basis in this country. 

References . 

‘ Hirst and Adam, INTonograph No. 1 TJiiiversily of BrivStoI. 

Research Station, Camnden, 1937. 

•Ball, Food. Fes., 3, 1.1, 1938; B.. 724, 1938. 

•Cameron, ibid., 91, B, 724, 1938. 

• Savage, Lancet, 4th Nov., 19.18 and Food, Tail , 1940, 83. 

• Oodden and Thomson, /. Soc.. Chem. Ind., 5S, 81, 1939. 

B, 545, 1939. 

• Bruit and Vegetable Production for Commercial Ca!^^int^ 

Bulletin No. 45, Ministry of Agriculture and Fisheries. 

London, 19,12. 

^ A Survey of the Trade in Canned Food. Report of iU>' 

Imperial Economic Committee, 3?iid Report, bondon. 

19,19. ' 

• Report of the Royal Commission on Price .spreads, 01ta^'^■:^. 

1937, p. 70. 

•Sea-borne Trade of British India. 1940. 



January, 1946 


MEDICINE AND PUBLIC HEALTH 


299 


MEDICINE AND PUBLIC HEALTH 


PENICILLIN FOR CIVILIAN USE IN INDIA 

It is probably now a common knowledge that 
the American authorities have recently agreed to re- 
lease limited quantities of penicillin for use of the 
civH population in India, and as a corollary they 
have stipulated that all use of it must be under strict 
Government control. 

In order to ensure that the available supplies arc 
ecpiitably distributed throughout this country and 
reach patients to whom its administration is justified 
in the current medical practice, the distribution and 
use of penicillin is controlled by the Govennnent of 
India through committee consisting of five members 
with the Director (leneral, Indian Medical Service, 
as its chairman. This committee is known as the 
Central Penicillin Control Board, and it is imperative 
iKAv on every importer of penicillin to comidy with 
any control rules and regulations that may be issued 
by the Board from time to time. Publication No. i 
of the Board has already been published. This, be- 
sides giving the dosage and mode of administration 
of penicillin, includes also the diseases in which 
penicillin is indicated and contra-indicated. Copies 
of this pamphlet have already been supplied to the 
heads of the Government Medical Departments in 
Provinces and States. 

Naturally the unusual healing properties of 
Penicillin have caught the imagination of the medical 
[•rofessioii, so much so that often .supply of this drug 
is requested for the treatment of indefinite cases where 
everything else has been tried and found to have had 
no results. One of the objects of the measures of 
control is to i^revent this use of such a valuable drug. 
Its use is also prohibited in venereal diseases. It is 
as necessary with penicillin as with sulphonamidc to 
know the nature of the infection to be treated. While 
some bacteria are extraordinarily susceptible to it, 
others arc completely unaffected, and to use peni- 
cillin in an effort to eliminate them is a complete 
waste of valuable material. There are three groups 
of bacteria against which both the sulphonamides 
and penicillin arc effective, with some important in- 
dividual differences, and these account for most of 
the infections in whicli penicillin has been used. 

Penicillin, in the first instance, will be supplied 
only to approved institutions, authorized to use this 
drug by or under the authority of the Board. Any 
stocks remaining over each month after the various 
Provinces have been allotted as much as they require 


will be sold by importers direct to medical practi- 
tioners and non-(iovcrnment institutions under the 
following control. 

Iwery reiiuest for .supply of penicillin in such 
cases must emanate from a medical practitioner and 
shoiihl be accomj)aTued by a certificate that the case 
for which i)cnicillin is re(iuircd is suitable for treat- 
ment which should be signed by an Administrative 
Medical Officer, i.c. a Surgeon General, Inspector 
(icneral of Civil Hospitals, Residency or Agency 
Surgeon, or any of the *‘asscs.sors’* nominated by him 
for the jau'iiosc. 'riicse assessors will ordinarily be 
surgeons or specialists wlio have access to a suitable 
bacteriological laboratory. 

In order to judge whether the use of ])enicillin 
is justified the assessors will recjuire particulars of 
the case which imisl include llie diagnosis of the 
case, basteriological findings, the d().ses, the mode 
in which penicillin is projxised to be administered 
and also the quantity reejuired. If the assessors arc 
satisfied they will sign a cetrificatc that the case is 
suitable for penicillin treatment stating how much 
])enicilliii is to be issued. The imi)orter on receipt 
of such a ccrtifi('atc will issue the amount of peni- 
cillin prescribed tlicreon. It is incumbent on every 
medical practitioner or institution obtaining peni- 
cillin to submit a case rei>ort tlirough the Govern- 
ment Assessor on the prescribed I’euicillin Chart, 
copies .)f which have been distributed to Provincial 
and State medical authorities. 

A considerable portion of the quota allotted to 
India has alreaily reached the hands of the importers. 
vStocks of penicillin at ])re^enl are available with 
^lessrs. Kemp Co., at Bombay, Madras, Calcutta 
and Delhi, Messrs. Parke Davis & Co. at Bombay, 
Madras and Karachi, ^Messrs. T. M. Thakore & Co., 
Bombay, .Messrs. Martin & Harris Ltd., Calcutta, 
Messrs. X’olkart Brothers, Bombay, Me.ssrs. D. M. 
W’adia N' Co., IkJinbay and ^Messrs. Smith Stanistreet 
Co., Calcutta. 

INSULIN TREATMENT SIMPLIFIED 

A synthetic product which is claimed to simplify 
the course of insulin injections for diabetes has been 
recently patented in America, according to a report 
of the Liverpool Daily Post. The i)atent arose out 
of the researches of Dr Johannes Buck, formerly a 
research chemist in Liverpool and now an American 
citizen. The synthetic product has the prox>erty of 
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slowing down the blood’s ability to absorb insulin. 
Accordingly, it is claimed that it would be {lossiblc 
to give a diabetic patient a 24-hour supply of insulin 
in one injection. Ordinarily, an injection of this 


calibre would result in severe and possibly fatal 
shock to the patient, but the patented method has 
the effect of releasing insulin gradually so as to 
maintain the right amount in the blood. 


THE MINIMUM REQUIREMENTS OF A HOUSE IN RURAL AREAS 

“RUSTIC” 


TTOUSING conditions in rural areas differ widely 
from province to i)rovince in a vast country 
like India*. In some provinces the villages are 
compact and separated from one another by long 
distances. But village streets are not well laid out 
and houses are built any how. In some other pro- 
vinces the villages are compact and the streets are 
well laid out around a temple or other place of wor- 
ship or tank. But the houses are builf as attached 
blocks and each house is like a long corridor with 
cross walls, and a backyard. In some provinces the 
village is a nebulous aggregation of hamlets without 
definite streets or roads, sprinkled among paddy 
fields, or interspersed with ponds. The house con- 
sists of an enclosed courtyard with cattle shed in a 
corner and a number of rooms on the side of the 
courtyard. There is one kitchen for several mem- 
bers of a joint family. The grain is stored in the 
courtyard. There is no latrine or well or bathroom. 
These are not considered essential to the house. 
Windows are mere peep holes opening on to the 
courtyard. Natural lighting is poor and there is 
no cross-ventilation. 

In a previous article' the writer has mentioned 
the defects that* can render a house insanitary. In 
this article, the minimum essential features of a 
healthy house suitable for a rural family arc con- 
sidered, and a design is put forward embodying 
these features. An estimate of cost is also given. 
This design may be altered to suit local tastes and 
materials available. If a person desires to build his 
house to larger dimensions, or provide more rooms, 
or better materials for walls etc., he is welcome. 
This design is meant for the poor family in rural 
areas. 

The average family in India consists of 5J4 mem- 
bers (census of 1941). In Bengal there were 5*4 
persons to a house in 1941 and 51 persons to a house 
in 1901. Hence the minimum design for a house 
must be suitable for 6 persons (consisting of a man, 
his* wife, perhaps 3 children over 10 and i under 10) 
or 5% adults. 


This family will recpiire at least 2 living rooms. 
Three may be better, but we arc dealing with 
minimum standards. One living room is not suffi- 
cient, because (a) the room must be s'A ^ 50 or 275 sq. 
ft. to provide 50 sq. ft. per head. A room of 275 sq. 
ft. is rather large (i6'xi7') and not ea.sy to roof 
over, (b) if some member of the family is ill, it will 
be necessary to provide some isolation so that the 
patient may get some rest and the illness may not be 
communicated readily to the other nieiubers, (c) if a 
guest has to be accommodated, it must be possible 
at least to allot one room for the men and boys and 
one for the women and girls, for sleeping at night. 
This is ordinarily done in Indian families out of con- 
siderations of privacy, {d) the grown-up children 
of a family must sleep apart from the parents, as far 
as possible. 

In the design (Fig. i) two intercommunicating 
room ro'xi;j' and r2'xi4' arc j>rovided. There 
are 2 verandas, one in front and one behind. In the 
hot weather a veranda is the nicest part of the house 
to sleep ill or indu!,;e in a chat. Tlie front veranda 
can be used by the men folk and the back veranda 
by the women folk. The verandas will also prevent 
the rain from beating into the living rooms through 
the windows. The two rooms can be adequately 
cro.ss ventilated. All doors must have ventilatior 
openings above. 

There is a separate kitchen adjoining the back 
verandah ; with a window and a smoke flue. This is 
essential. Cooking in the living room makes it smoky 
and dirty. 

The house has an enclosed backyard or com- 
Iiound. There is a w'ell or tube well with proper 
platform and drain leading to a soak pit. There is 
a little enclosed bath room or bathing platform near 
the well and a latrine of the borehole or any other 
suitable type recommended in a previous article.* 

If cattle and live stock are to be accommodated 
in a rural house a separate shed 12' x 8' may be built 
in the backyard, and a manure pit may be provided 
as shown. 
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The floor of the house must be raised at least 
i' above the ground ordinarily, and 2' above ground 
in vvater-loggcd areas. It must be of concrete or brick 
plastered over with cement. A mud floor may be 
all right for a short time or in dry dustricls ; but an 
impervious floor with damp-proof course over the 
walls at pdintli level is preferable in wet districts or 
where the sub-soil water is high. 

The walls may be of any material that the villager 
can afford. The cheapest will be bamboo matting, 
preferably plastered with mud or cement and while 
washed in the interior. These walls are comiiion in 
some places in liasl beiigal and look very trim. Such 
construction will do away with the need for digging 
for earth for house building and thereby reduce the 
number of breeding places of inos(|uitoes. Mud walls 
and brick walls may be built if desired but the 
interior must be finished with a white wash to reflect 
light. The smoke flue may be built out of mud and 
earthenware pipes. The roof may be of straw or tiles 
or terracing as desired. The head room in the living 
rooms may be to'-o". Such a house will have the 
following features: — 

h'loor sj)acc, including verandahs, rooms and 
kitchen 570 sq. ft. or 104 sq. ft. per capita. 

Floor space in living rooms only 288 sq. ft. or 
52 sq. ft. per capita. 

Air space, including verandahs, rooms and 
kitchen 5852 c. ft. or 1062 c. ft. per capita. 

Air space in living rooms only 5744 c. ft. or 080 
c. ft. i^r capita. 

The air space recommended per capita is — 

500 — 5/^0 c. ft. in Kuropean countries, 

250 — 400 c. ft. in Great Ihitain and 
20 cubic metres or 700 c. ft. by Fisher.^ 

The cost of this design depciuls upon the 
malerials used. The initial cost can be kept low if 


temiK)rary materials are u.sed ; but the cost of main- 
tenance will be low if permanent materials are used. 

The land required is 35' x 60' for the house and 
the cowshed. This will be sufficient for building 
detached houses at the rate of 20 per acre. The cost 
of the site will be not more than Rs. 50 in rural areas. 

The cost of this type of house is estimated as 
follows at pre-war ratCvS : — 

Rs. AS. p. 

1. Site 1/20 acre 50 0 0 

2. Cost of cottage and kitchen COO sq ft. GOO 0 0 

3. Ring well, pulley and platform, or 

1/6 cost of tube well .... ... 40 0 0 

4. Rore hole latrine, soakage pit etc ... 20 0 0 

5. 1‘encing with live fence ... ... 20 0 0 

Rs. 730 0 0 

6. (Add) for cattle shed 12' X 8' ... ... 70 0 0 

Total Rs. 800 0 0 

If such hou.scs are built by the villagers them- 
selves nearly Rs. 250 can be saved on account of 
labour costs. If the elders of the village would 
influence those who build houses to. build them on a 
regular frontage, leaving a width of 25' for the street, 
villages can look very pretty. The provision of one 
well or tube well for i to 5 houses will solve tlie water 
supply X)robleni in iriany places. The provision of a 
latrine and manure pit will vsolve the problem of dis- 
posal of excreta and refuse in rural areas. The refuse 
and CO wd ling going into the manure pit will be com- 
ix)sted naturally. This can be removed once a year 
and used in the fields. 
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BOOK REVIEWS 


Radio Waves and the Ionosphere.- -By T. W. Ben- 
nington. Published by Iliffe & Sons Ltd., 
London.' Price 6 shillings net. 

In modern times long distance radio cominuni- 
cation plays an important role in our daily life. 
NeverthclCvSs few people have more than a passing 
acquaintance with the ionosphere, the radio roof of 
the world, which is solely responsible for h.mg dis- 
tance radio wave propagation. The book under 
review is an excellent attempt to describe the essential 


features of the ionosphere in all its important aspects. 
It appears to be the pioneer of its kind in giving a 
simple and conci.se account of ionospheric phenomena 
in connection with short wave propagation. Such 
a popular and connected account embodying in its 
small compass all the relevant facts and figures about 
the ionosphere has not, as far as is known to us, 
been published before. 

The text has been divided into six chapters. In 
the first chapter the distinction between ground waves 
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and sky waves and their performance in relation to 
wavelength has been discussed. In the next chapter 
the effect of solar radiation on the atmospheric gases 
in connection with the origin and stratification of the 
ionosphere has been explained. The third gives a 
lucid description of the methods utilised for the 
sounding of the ionosphere and dcscrilies the nature 
of the data obtained from these soundings. The 
variations in the ionisation of the various layers of 
the ionosphere with time arc discussed in the next 
chapter. Due empha.sis has also been given to long 
period variations such as those associated with the 
solar cycle. In the next chapter the author explains 
the method by which the data obtained from verti- 
cal incidence soundings of the ionosphere arc utilised 
for depriving the transmis.sion characteristics for long 
distance radio communication, namely, the inaxiinuni 
usable fre(iuency and skip distance. The last chapter 
embodies a nice de.scription of iono.sjdieric distur- 
bances and other abnormalities and their as.sociatioii 
with magnetic storms, snnsiH)ts and aurorae. 

The author has i)rcscnlcd the subject with com- 
mendable lucidity. The .scope of the book is (|uite 
comprebeiisive so far as the re<]uirt.‘inent of the nuui- 
in-lhe-strcet is concerned. The author .says in the 
preface that anyone who is capable of reading n .simple 
technical article should 1)0 aide to read and under- 
stand this book, and if he und(;rslands it, there is 
occasion for hope that his knowledge of short wave 
problems will be considerably improved. On reading 
the ]>()ok one feels that the hope of the author is 
amplv justified. 

7 , N, B. 

Beginnings of Modern Education in Bengal : 

Women’s Kducation — lly jogesh Chandra 

Bagal. Published l)v the Kanjan Piiblishing: 

Hoii.se. Price Ks. 2/S. 

Women’s education has tr)-day a recognized and 
indisputable place in the educational scheme of this 
country. The early efforts of the missionaries and 
other distinguished ednoationisls and i)nblic spirilctl 
men towards the cause of female education in Bengal 
during the first half of the nineteenth century make 
interesting history. Mr Bagal who lias made his 
mark as the author of several books has done well 
to trace the early history of tin’s development which 
has so largely contributed to the culture and general 
uplift of modern Bengal. He has mainly confined, 
himself to the period from the formation of the 
Female Juvenile Scicicty in t8iq up to the establish- 
ment of the Bethune vSehool in 1S4Q and its reorgani- 
zation in 1856 and has recorded the activities of such 
pioneer societies as the Female Juvenile Societv. the 
Ladies’ Society, the Ladie.s* Association and the 
Serampore Mission. The facts have been laborious- 


ly collected from various scattered papers, journals, 
records and personal dairies of the time, most of 
which arc now available with great difficulty. The 
incorporation of a number of important corrcsiK)n- 
dence that passed between Raja Radhakanla Deb 
and Mr J. Drinkwatcr Bethune and Mr Bcllinnc and 
Dalhousie in the appendix has further increased the 
u.sefnlne.ss of the book. For the students of educa- 
tion the book will be highly useful. 

S. N. S. 

A Text-book of Botany (for junior students) — 

By B. C. Kundii. Published by Das Gupta & 
54/.'^! College vStrccl, Calcutta. Pp. 402. 

Price 6 /S. 

The book is the outcome of a fairly long expe- 
rience of the author as a teacher of elementary 
botany and it embodies the essentials of a first course 
in botany, designed to meet the roqnireinents of 
.siudcnls of different Indian universities preT)aring 
for the Intermediate I^xainination in science and for 
other examination of a similar standard. 

The pages bear the imprc.ss of an experienced 
teacher who realized the difficulties of junior 
students «nnd attempted to solve them. 

Tile subject has been divided into a number 
sections, c.g., morphology, anatomy, jdiysiology, 
ecology and systematic botany althr)iigh the author 
believes that botany should be presented as one unit 
and hcncc morpholf)gy, anatomy and physiology 
should he studied together as far as practicable. 

The subject matter has been treated in such a 
way that it may interest the young learners and 
with this end in view the text has been copiously 
illustrated, wliith have been either drawn from 
nature or from microscoi»ic i)rcparations made by 
the author himself ; and in physiology simple experi- 
ments have been suggested with inexpensive appa- 
ratus, so that every pupil in a class would be able 
to perform these. 

Since the publication of a text book of botany 
by W. H. Gregg of Htighli College, Bengal (rSSo) 
and Manual of Botany by O. C. Bose of Bangabasi 
College, Calcutta (1020), botanical teaching in 
Bengal, or for the matter of that in India, has deve- 
loped in rapid strides. The accumulated observa- 
tions of the Indian flora extending over this long 
period have all been incorporated in the book under 
review that has considerably enhanced its value not 
t)nly to the students but also to the teacher. 

Although, the author has taken infinite care in 
illustrating the chapters on morphology, and the 
families of flowering plants from the Indian examples, 
tlic life history of cryptogams are not similarly 
illustrated. It is high time, that text books on Indian 
botany should be written on the life history of plants 
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based on the studies of local types and not borrowed 
from sources outside India. 

The aiitlior has preferred to follow lienthan 
and Hooker’s system of classihcatioii, in spite of the 
fact tliat Kn^lcr’s system has been recommended by 
several Indian universities. In citiuK examples, it 
is desirable that an uniform system is adopted and 
with a little more care, could the nomenclature have 
been brouMht up-to-date. 

Il is hoped that like the author’s previous work 
on “Text book of Biology” this book will also have 
a lar.ee circulation amongst the teachers and 
students of our Indian universities. 

A. K. G, 

A Source Book of Agricultural Chemistry. — By 

Dr Cliarlcs A. Bn)wne, Bureau of Agricultural 
and rndiistrial Chemistry, U. vS. Department of 
Agriculture. Published by the Chronica Botanica 
Conipaiiy, Waltham, i\rass, IJ. S. A., 1944. 
Pages 290. Price $5. 

This is a highly important and well documented 
publication dealing with the develoi)nient of chemical 
science with special reference to agricultural chemis- 
try from the time of the earliest (Ireck philosoi)lKTS 
to I he beginning of the modern period, i,e., up to 
18(^7. 7 'hc book has seven chai)ters, the first dealing* 
with agricultural chemistry in ancient times, the 
second covers the Alchemical and latrochcinical 
pcrioils, tlie third deals with the period of Robert 
Boyle, Ilooke, Mayow, Hales and others i.c., the 
period covering the establishment of the Royal 
Society of C«)iidon, the fourth deals with the plilogis- 
ton period and the fifth with the notable period in 
uliich Black, Priestley, Ingeii-hoiisz, vSenebier, Caven- 
dish and vScheelc flourished ; the •sixth deals with 
the period of Lavoisier, Chaptal, de Saussurc, Davy, 
de Candolle. In this period chemistry was founded 
on a uiiaiilitativc basis due to the establishment of the 
law of ctmservation of ma.ss by Lavoisier and the true 
iindcrslaiKling of the idienomenon of combustion 
(.slow and rapid) and its relation to animal respira- 
tion. The last chapter deals with the beginning of 
the modern period in which the rjuantitalive methods 
of Lavoisier were introduced in agricultural chemistry 
by his cfuintry man Boussingault and its development 
by Mulder and specially by the great German chemist 
and teaclier Baron Iviebig. The author has achieved 


remarkable success and has produced' an excellent 
history of chemistry in which the life and the achieve- 
ments of almost all the celebrated chemists have been 
recorded. He has quoted the original publications 
of these great men and hence this is a veritable source 
book containing an accurate record of the develop- 
ment of chemical science applied to agriculture. His 
estimate of the merits and achievements of Palissy, 
Bacon, Paracelsus, Van Helraont, Glauber, Boyle, 
Hooke, Mayow, Hales, Bcchcr, Stahl Black, Priestley, 
ingen-housz, Senebier, Cavendish, Schcele, Bou.ssing- 
ault, Mulder, Liebig and others are very clear and 
impartial. The author has brought out the fact very 
conclusively that all the leading chemists of the past 
took a very keen interest in agricultural chetnistry 
and advanced our knowledge on this subject. 

Rven the great chemist Liebig, whose writings 
deeply impressed agricultural science and practice in 
Europe did not realise the importance of supplying 
nitrogenous manure to the soils as is evident from the 
following lines taken from his publication in 
‘‘Farmer’s Magazine”, 1S74: — ‘‘If the soil be suit- 
able, if it contains a sufficient amount of alkalies, 
phosphates and sulphates nothing will be wanting. 
The plants will derive their ammonia from the atmos- 
phere as they do carbonic acid.” A careful study of 
this important piifdicalion shows that .success in agri- 
cultural chemistry and improvement in crop yield 
was effected when experimental and quantitative 
methods were adopted in crop production. In this 
respect the establislunent of ('hairs of agricultural 
chemistry and agricultural botany in universities 
and technical high schools and tlic starting of ex- 
perimental farms or stations have played a very big 
role. Food production is undoubtedly the biggest 
industry all over the world and it is high time that 
following the lead of U. vS. A. and Europe professor- 
ships in agricultural clieniistry and experimental 
stations and farms witli qualified staff should l'>c 
created all over this country. 

The author and the publishers deserve our hearti- 
est coiigralulations for this important and useful pub- 
lication which should be widely read by chemists, 
botanists and agriculturists. The printing and the 
get up of the book are of a high order and the pried 
is moderate. 


JV. R. D, 
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LETTERS TO THE EDITOR 

[The editors are not resl}onsible for the views expressed in the letters.] 


SLOPES IN THE INDIAN ATMOSPHERE 

According to Kelvin and Rayleift:li, a surface of 
discontinuity separating two fluids of comj^arable 
density is highly unstable except in the neighbour- 
hood of the origin of the discontinuity. It is near 
this origin that the highest density gradient should 
be in evidence in horizontal sections of the atino- 
spliere. The expression '‘comparaldc density** for the 
atinosi)herc does not appear to Jiave been siieciflcally 
defined. 

<.)u the average, the surface density^ of tlic north 
subpolar region in tlie winter is about 1^5 per cent, 
liigher than that of the c<iuatorial region. The corres- 
ponding contrast in the southern hemisphere is no 
more than 5 per cent. 


Tile reversal of the sign of the ienii^erature 
gradient on the eve of the advent of the monsoon is 
no doubt due to the (jiiasi-pcriodic atlvance across the 
ecjiiator of the monsoon current from the southern 
winter to tlie eiiuatorial Indian Ocean in conjunction 
with the prolonged heating of the Indian sub-conti- 
nent. The surface temperature gradient over the 
Indian region thus assumes a N\V-Sb' orientation. 

As to the conditions aloft, the diagram (Fig. i) 
shows'* that during the eight months, Octolier to ]May, 
the teiniieratures over .soiitliern India are ai»j>reciably 
higher than those over norlliern India in every layer 
ui)to a height of about the ii km. level. 

In the monsoon, on the other hand, the 
atmosphere over southern India is found to be appre- 



Fio. 1. 


The horizontal temperature gradient in the 
Indian region^ is approximately S-N in the winter. 
As siiinmcr approaches, this gradient gradually tilts 
to SE-NW. By May, however, a significant change 
takes place, viz., the air over the Andaman Sea 
becomes somewhat cooler aud therefore denser than 
that over Central India. 

6 


eiably )ler than that over northern India, level for 
level. 

The average horizontal gradient of temperature 
in every layer is of the order of 2-:>®C per 1000 km, 
the sign of the gradient changing twice a year. The 
average temperature gradient at the surface during 
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the two transition periods is about 4-5°C in looo km. 
along: the east coast of India. 

A .study of the average liorizontal gradients of 
air density at the surface^ in the Indian region is 
interesting. In the winter, for example, the contrast 
between the North West frontier Province and 
Bengal, is of the order of about 20 gm/m‘‘ per rooo 
km, the density increasing towards the Frontier. 

At the height of the monsoon, on the other hand, 
the corresponding average contrast is smaller, being 
of the order of al>out 10 gm/nP per 1000 km, -the 
density increasing towards Bengal. The distribution 
of density in the upper‘ layers do not show any strong 
gradients either. The significant fact is that, except 
during the winter, there arc no locally strong 
gradients in the neighbourhood of those regions where 
cyclones usually form. 

On individual occasions, a density gradient of as 
much as 50 gin/m'* per 1000 km at sea level may be 
found at tlic cold front of an extratropical cyclone. 
A density gradient of the order of 30 gm/iiP per 
TOGO km, which is frequently observed at the “cold 
front** of the extratropical cyclones, obtains also at 
the surface of the Indian Seas in the winter. In the 
monsoon and the transition months, however, the 
gradient over the Bay of Bengal is no more than 
5 gm/111'^ per TOGO km. 

Of the annual output of cyclones"’ in the Bay of 
Bengal, only about 20 per cent, is to be credited to 
the winter and 55 per cent, to the monsoon. As to 
the highest recorded number of cyclones in a parti- 
cular month, the following table sets out the relevant 
freciueiicies for the Indian >Seas for facility of 
reference. 

Table 1 : Highest recorded number of evcloiies for the 
Indian Seas in several numlhs. 


Months 


I 



1 . 
^ i f 


o j V 

A ! a 


I’rtsiueiu'y 


1 

Uay of Uengal , 1 

K' ‘ 

1 

! 1 

2:45 

5 

1 1 

5 . 4 

1 

4 

1 

Arabian vSea ■ I , 

- 1 

0 ' 0 j 

1 


1 

2 i 2 

8 


The tabic shows that the cyclones are more 
numerous and pronounced at the time of the reversal 
of the wind and temperature fields than in the 
winter. 

The shaded strips in the diagram show 
the period in wlu'ch average temperatures over 


northern and southern India arc the same in hori- 
zontal layers. In the transition months, therefore, 
the entropy field of dry (tropical) and moist (equa- 
torial) air tend to be uniform and the. respective 
isentropic surfaces become horizontal. 

It is significant that the shaded strips, by being 
almost vertical between the 2-1 1 km levels, mark out 
the pre-monsoon and post-monsoon transitions on land 
areas. In a horizontal layer in the equatorial over 
sea areas, on the other hand, the entropy field may 
be assumed to be fairly uniform in the equatorial belt 
on either side of the equator. 

A temperature lapse, generally of 8°C/km and 
above, prevails in the lowest layer of dry air. The 
equatorial air is convcctivcly unstable and this in- 
stability persists throughout the year. Again, Table 2 
shows that “forced subsidence** (almost vertical 
isentropics) of dry air occurs practically throughout 
the non-monsQon period in the field A family echelon 
running over India and Burma. Tliese are the warm 
anticyclones (with “heat lows” at the base) and 
migrate northwards or southwards with the sun. 

The ann\ial variation of the thickness of the 
nearly adiabatic layer is set out in the following 
table. The to]) of this layer is called tlie “free sub- 
sidence tlireshold** because dry air in this layer may 
occasionally suKsidc freely to the ground. It may be 
added that “forced subsidence’* occurs when forced 
downward flow is large compared with free upward 
flow (free convection), caused by gravity, in air of 
variable density owing to surface licating and other 
causes. 

In the transition period, the atmos|)liere in the 
generative shell® in the Indian region has a highly 
rickety structure because both vertical and horizon- 
tal stratifications are destroyed. The slow dissolution 
of the transition fields iinder impulses, on the other 
hand, suggests that a dilatation axis in a horizontal 
])lane must be acting as roller bearings between the 
dry and the moist wind systems. 

“outburst** or “onset** of the monsoon is 
thus an event which clearly marks that point of 
time when the entropy field over j)ractically the whole 
of the Indian region, both land and sea, becomes 
uniform below the directive® shell. Similar condi- 
tions obtain at the time of the “retreat** of the mon- 
soon. These fluctuations are large scale isentropic 
flow patterns, mostly in horizontal sections, govern- 
ed by the pulsating monsoon current across the 
equator. 

Let two distant air masses be set in motion under 
balanced forces, or approach each other in such a 
manner as to allow time for the necessary adjust- 
ments of the pressure field over the region in ques- 
tion. As each current develops its own transitional 
air masses on the way, they can contact each other 
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only through the transitionals of each. When the 
motions of the parent streams arc steady, the con- 
trast of density in the adjacent transitional air masses 
is necessarily small. 

A large .scale develpmeiit of transitional air 
masses might be checked if two distant air masses 
could he made to move with an acceleration. The 
iior'wester cliarts of I'cngal show tliat new motions 
may arise in a wind field to which the old pressure 
gradient fails to adjust itself. 

Tablr. 2: Free, subsidence thresbohl for dry air - avet ago 
rates from the surface upwards. 
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Briefly sj)eaking, a vortex street may be gene- 
ralized into a row of * ^sources” by the side of a row 
‘^sinks’*. The consecutive negative and positive 
“discs’* of a “complex street’’" may be ruptured 
cn using a distortion of the street. Moreover, transla- 
tion may bring the smaller “source” and “sink” 
vortices closer together, forming doublets. 

A dcniblet gives rise to a vortex ring or loop in 
a plane, say, at right angles to the axis of a westerly 
street, for instance. It then drifts away caslwanls 
from the axis. The isochrones (earlier thunder- 
storms ill West than in I{ast Bengal and up the rivers 
than in the delta) of the pure nor’wester squalls siij)- 
port this view. 

Either the positive or the negative vortex in a 
street may develop translatory motion of its own 
when certain conditions arc satisfied. For example, 
a cyclone between two streets of small wave lengths, 
while moving out of its initial setting between two 
streets, might come in close proximity to its .source 
aiiticyclonic vortex. vSimilarly, a moving anticyclonic 
vortex may encounter its sink cyclonic vortex. The 
vortex loops may, therefore, develop also in sea areas. 
As a matter of fact, seclusion of “source” and “sink*' 
(trough formation) may occur through translation. 

The “col-activity” may be in evidence well 
ahead of nor*we.sters in the isobaric chart.s of i mb 
interval and also in the distribution of upper winds. 
The dissolution of a doublet may mean a tornado. 


The horizontal gradient of density at the surface 
(NE to SW) on a few occasions of nor’wesk-rs may 
even be of the order of 200 gm/m'* per 1000 km, 
which is about three or four times the hypothetical 
density gradient (average) in the winter between 
Siberia and India. 

The occasional development of the cxcct)tionally 
high density gradients in the nor* wester fields is no 
doubt due to dynamical causes. The scpiall fields, 
however, are extremely unstable and do not last for 

thickness of Inycrs in kin, with nearly dry adiabatic lapse 
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more than a few hours. An acceleration of two dis- 
tant air masses apiwoaching each other, thus fails to 
])roduco the density contrasts of the tyj^c that might 
be necessary to increase circulation with time in a 
cyclogeiie.sis field. 

In regard to the process of a gentle flow of 
extra-troj)ical towards the equatorial along an iseii- 
t topic surface, a glance at the diagram would 
show that cold air from northwest India, flowing 
southwards along t'ne isentropics, would lose, 
on the average, a height of i km iti a distance of 
1000 km. On individual occasions, however, the 
cold air may descend to lower levels over the South 
Bay, the home of the transition period and winter 
cyclones. 

The descending cold air, however, fails to 
establish, even in the winter, “cold** and “warm** 
fronts at the sea level in the same sense as those of 
extratrot)ical cyclones. The reasc^n is undoubtedly 
the “forced subsidence’* of cold air into “heat lows” 
in the equatorial belt. The cold air is thus trans- 
formed into the lrox)icaI. The process persists" jirac- 
tically throughout the whole of the non-monsoon 
period. A cold air supply, flowing at the surface and 
directed to the South Bay from Burma side, is like- 
wise problematic. A katabatic flow of cold air sel- 
dom reaches South Bay. 

The conclusion, tlierefore, is that the slojic be- 
tween dry and moist air ma.sscs in a small enough 
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block of the Indian almospherc, away from the origin 
of the surface of separation (such as neutral points) 
is thus cither almost vertical or almost horizontal. 
The dilatation axes of a deformation field in three 
dimensions lie in the former and hence it will be re- 
ferred to as the vertical ‘‘flat plate’*. 

Table i, along with the charts of density and 
pressure distributions at the surface, brings out the 
outstanding fact that slightly over So per cent, of 
the cyclones in the Indian seas form in fields of 
feeble rather than in those of strong pressure and 
density gradients. 

For the local intensification of circulation, there- 
fore, botli dynamical and pliysical causes have to be 
explored. An echelon of circumscribed areas, joined 
to each other by “bottle-necks**, comes into existence 
when two ojiposite streets of comparable wave lengths 
lie side l>y side with a phase difference of i8o®. 

ft is observed from charts that one of the cir- 
cumscribed areas in the echelon shows signs of a 
local growth of circulation with the strengthening 
of the “undisturbed** streams of the streets, briefly 
speaking, the strengthening of the undisturbed 
stream is important from the point of view of the 
growth of net vorticity (of one sign) in the circum- 
scribed area. The imi)ortaiit discharges of vorticity 
in a circumscribed area are as follows : 

(a) round a “col-oval** (produced by the belt- 
ing of the two core-cylinders inside the 
circumscribed area in a medium of Un) 
wliicli ultimately forms the core of a 
simple vortex. 

{b) the vortex layer at the end of the vertical 
“flat plate**. 

(c) the vortex layer that may eventually grow 
at the i)eriphery of the “col-oval** or at 
the Rankine joint between a forced and 
a simple vortex. 

Incidentally, in a street astride the ecjuator, 
rotation of the vortices in the same row remains un- 
changed, blit the associated pressure field is reversed 
as the equator is passed. 

It is evident from the preceding paragraphs that 
in the method of forecasting by fields and streets, 
advection has to be traced in the xy plane to detect 
regions of possible convection along the 2: axis. 

The steps in this method of forecasting may often 
be summarised in such working rules as “dilatation 
axis in humidity wave*’. It may be recalled that the 
outflow axis is in convergent channels and the inflow 
axis is in divergeni ^hatincls between two streets. 
This particular rule* is being successfully applied to 
the prediction o^ unseasonable fog formations and to 
the location of the thunderstorm areas in the monsoon, 
even without the necessary statistical background. 


Moreover, the longitudinal contractions and ex- 
pansions of tlie cyclic fields may often be correlated 
with the iscntropic slopes. 

S. N. SiCN 
S. P. Sircar 

Central ^leleorological Office, 

Mcl^eod Road, 

Karachi, i -5-1 9.^4 . 

'Sen, S. X., Q. /. R. Mil. Soc., 50, No. 209, 1924. 

* Kliol, J,, Clinialological Atl/i.s of India, 1900. 

* Chatlerjee, O., Upper Air Data. 12, Part \i, 1939. 

M'rhosh, V. N., .sdcuiific Xotvs. 1. Mel. D., 3. 19, 1931. 
""Son, S. X.. SciKNCiv AND Crui'kf?, 2. 593, 1937 ; 9, 90, 

194.3. 

’ v^cn, S. X\ and ('lanosan, V., Scikntk and Culture, 10 , 
50, 1944. 

“ Sen, S. Cliinnlologioal .Mias ami .Mi’.iosplicric Vortex 
Street s (I'll piibl i shell ) . 


A NEW SPECIES OF DISCOMVCETES FROM BF.NGAL, 
MtTRULAAGH.ARKARU SP. NOV. 

Mitrula (Latin milrula, a small turban) is a 
genus of the Discomycetes having liny fructifications 
with fleshy, erect, stipitatc, siib-glo])ose, ovate or 
clavate, glal>roiis, fertile heads, usually sharply deli- 
mited ft 0111 the stipe and often slightly free from 
below. The spores are short, cylindrical, narrowly 
elliptical or fusiform and h\ aline. It is included in 
the section 1 1 yalosponv of the sub-family Geoglossete, 
family Jlelvelleie by vSaccardoL Lloyd'*, following the 
older idea of basing the genera on the most obvious 
microscopic features placed the genus under the 
second division Lcoticie of the family Geoglossacca*. 
(July two species of Milrula have so far been re])orted 
from India.'* The iitiw species closely resembles the 



Fig. 1. 

Indian species MU ruin ro.s rarxj Lloyd but differs from 
it mainly in having salmon-organge'* coloured head 
which changes to orient-pink on drying, while in 
Milrula rosea both stem and head are of a fine rose 
colour. Resides, the spores are much longer in the 
new species than in Mitrula rosea. 
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Two little fructifications of this species were first 
collected by the writer from the Sciichal range 
(tSooo ft.), Darjeeling in October IQ31. One of the 
specimens w^as sent to late Dr E. A. Burt o£ 
MiSvSourie Botanical Gardens for specific determi- 
nation. In October, 1941, several specimens of this 
species were again collected during an excursion con- 
ducted in the Sikkim Himalayas by Prof. S. P. 
Agharkar. It was growing in a wet situation on 
bare soil along slopes by the road side between 
Rimbick (7500 ft.) and Batasi (6884 ft.) via Palmajua 
(7250 ft.). The writer, therefore, takes the liberty of 
naming this species after Prof. Agharkar. 

The detailed morphological descrijdion of the 
species is as follows : 

h' ruclijicaiions fleshy, erect, stipitate, about 
6-12 min. high. Head distinct from stipe, with pro- 
minent convolutions, sub-globose to somewhat com- 
pressed or flattened, glabrous, shiny, colour salmon- 
orange when fresh but becoming orient i)ink on dry- 
ing several heads often remaining confluent, dimen- 
sion about 3-5 X 3*5-7 nmi. Stipe slender, slightly 
conijiressed, with a few longitudinal furrows, colour 
orient pink when fresh, not changing on drying, 
about 4-8*5 mm. high and 2-3'5 mm. broad. /I.vcm.v 
eloiigate-clavate, hyaline dimcn.sion about 84-96-108 
X 5-6-S /i. Ascos^pore elongate-fusiform to sub-fusi- 
form, often slightly curved, continuous, hyaline, 
smooth- walled, dimension about 8-12-16 /a X 3-3 5-4M* 
l^araphysis linear, hyaline, septate, slightly exceed- 
ing the asci. 

Type specimen has been preserved in the herba- 
rium of the University College of Science, Calcutta. 

vSaciiindra Nath Bankrjek 

Department of Botany, 

Calcutta University. 

20-T0-T944. 

* vSaccardo, P. A., Syllof^e Fuftgoruvi, 8, 32-39, 1890. 

* Jylovd, C. G., The Geoghjssaceae, 1916. 

*' lUit’ler, 1^. J. an<l Bisbv, G. R., The Puiigi of India, The 
Imperial Council of Agricultural Research, Scienlilio. 
Monograph No. 1, J’p. 12, 1931. 

* Ridgway, R., Colour Standard and Colour Nomenclature, 

Washington, 1912. 


AUXINS AS RESPIRATORY CATALYSTS OR 
CO-ENZYMES* 

Thk term auxin is used as a generic term foi 
substances .showing growth promotion in the aveiia 
test. Went (1928) for the first time isolated auxin 
from the plant, devised the avena test for the 
quantitative determination of auxins. The chemical 
isolation and structure determination of auxin was 
accomplished by Kogl et al in 1933* At first they 


found two closely related substances which they 
named auxin a and b. Cater (1934) they isolated a 
third substance having auxin activity which they iden- 
tified as indole acetic acid. vSiiice that lime other com- 
pounds mo.stly synthetic, were found to i>roin()te elon- 
gation. These active substances are found to jiroduce 
other physiological elTeets, e.g., they cause cell pro- 
liferation, nuclear division, eanibial activity, root 
promotion, i)rcvenlion of formation of abscission 
layer, development of carpels and ovules, bud ]>romo- 
tioii and iiruloifiasniic streaming etc. >Siich active 
substances are compounds of phenyle, indole, naph- 
thalene, anthracene and fluorine. There are, how- 
ever, some (iiianlilative diflereiices in tlie responses 
with the most active conipoiiiids of ditTercnt groups. 
Indole acetic acid is one of the most active substances 
for causing cell elongation of the avena coleoptile but 
as a root inducing substance, it is not as active as 
napthalene acetic acid or indole butyric aci<l. The 
latter is particularly low in activity for cell elonga- 
tion of avena coleoptile. There is another group of 
physiologically active substances, studied chiefly by 
P. W. Zimmerman (1942) which modify the pattern 
of leaves and other organs, which, however, do not 
relate to the present commnnication. 

Because auxin alTeeis so many physiological pro- 
cesses besides cell elongation, it appeared to many in- 
vestigators that tile auxin must liav^* a fundamental 
function in the life of the plant. This consideration 
led many investigators to look for an increase in 
respiration due to auxin. Tliiinann and Commoner* 
showed that eoleoptiles i>reviously soaked in malatc 
produced marked increase in resi)iratioii upon addition 
of auxin. From this and from other evidences they 
concluded tliat the auxin must play the jiart of a 
catalyst or co-en/.yme in the succinic-fumaric-malic- 
pyruvic acid respiration cycle (vS/ent (iyorgy cycle). 
According to Avery (19^12) the increase in respiration 
reported by the investigators is very small and that 
better proof must be fotiml before any generalisation 
on the eiTcct of auxin on resi)iration can be made. 
The lu'cscnt commuincalioii contains results obtained 
by ns on the influence of the nature of the substrate 
solution in which the cut end of a motile leaflet dips, 
on the resifiration of Dcsntodiiim gyrans. It will be 
seen that when the substrate solution contains 0*05% 
of sodium malate to which 0*0005% of indole acetic 
acid is added, there is an increase of respiration by 

5fJ%. 

It is well known that when the cut end of a motile 
leaflet of Dcsminiiuni gyrans is dipjied in tap water, 
the leaflet is seen to exhibit pulsatory movements. 
Iiiveseligations carried out in the Institute during the 
last three years have shown (j) that energy of i)ulsa- 
tion is due to the break down of carl )oh yd rales form- 
ed in the leaflet by photosynthesis ; (2) the pulsation 
could be maintained continuously in the dark for a 
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few day.s when the cut end of the leaflet is immersed 
in one per cent glucose solution. Recently' we have 
been engaged in the study of tlic influence of dif- 
ferent substrate solutions on tlie respiration and pul- 
sations of the leaflet of DiSmodium gyran^. The 
aiiparatus used is a modified form of respiroineter, 
wliich enables the simultaneous recording of both the 
pulsation and resijiration of the leaflet. Thider favour- 
able conditions both show periodicities of similar 
form. The problem at ]iresent under investigation is 
to find out at which stage in the dissimilation of 
glucose, is the eenergy supplied for the niainteiiance 
of ])ulsati<)ns. Resides glucose, we have used as sub- 
trate, solutions of glucose-i -phosphate, sodium salts of 
l»yruvic, malic and citric acids. So far we have fotuid 
that glucose solution is most suited for the continued 
maintenance of the pul.sations. W'e next jiroceedcd to 
find out whether any of the respiratory co-enzymes 
like nicotinic acid and thiamin wlien added to glu- 
cose influenced in any way the pulsatory and the 
respiratory aclivit,v of the motile leaflet. Thiamin is 
a co-enzyme for carboxylase enzyme responsible for 
the break down of iwruvic acid to acetaldehyde and 
C()j, while the amide of nicotinic acid is a component 
of the two dehydrogenases coengyme I and co- 
engyme II. In one per cent glucose a considerable in- 
crease of the respiration rale of the leaflet was 
o])served, but no significant change iu this rate was 
noted when dilTereul concentrations of nicotinic acid 
and of tliiamin were added to the glucose solution. 
The last named results arc of a preliminary nature 
only and require repetition before definite conclusions 
can l»e drawn. At this stage we came across a report 
of ihc iiivestigalicms of Thimann ami Commoner, on 
the increase of the rcsepiratory rate obtained in 
malalc treated coleoptilcs to which a dilute solution 
of an auxin was added. We decided to test the 


validity of the observations of the previous authors, 
using leaflet of Desmodium gyrans as test object. 
The results obtained are given in Table I. Section A, 
contains the results obtained with glucose solution on 
the rates of respiration, frequency and amplitude of 
pulsation of motile leaflet of Desmodium gyrans. In 
every case the normal rate of activity of the .same 
leaflet when the cut end is dipped in tap water is', 
taken as too. In the sections B, C and D, similar 
data are given when the cut ends of leaflets arc placed 
in (i) 0 05% of sodium malate, (ii) 0 0005% indole 
acetic acid and (Hi) a mixture of (i) and (ii) respec- 
tively. 

Discussion of results — In a solution containing 
T% glucose there is a considerable increase in the 
respiration rate, some indication of increase in the 
frequency of imlsation, but no change in the ampli- 
tude of pulsation. 

With 0*05% sodium malate there appears to be 
a diminution in the rate of respiration, as well as of 
amplitude of pulsation. With 0*0005% indole acetic 
acid there is some increase in the rate of respiration 
and diminution in the amplitude of pulsation. When 
treated with a solution containing both the malate 
and auxin a 50% increase in the rate of respiration 
is observed, with a slight reduction in the frequency 
rate. 

The rate of chemical change taking place in a 
tissue at a constant temperature depends on the con- 
centrations of the substrate and the enzymes acting 
on it and of its break down products. The measure 
of chemical changes involved in the present case is 
the respiration rate. If it is found that on increasing 
the concentrations of the substance or any of its break 
down products the respiration rate increases, the in- 
dication is that the cc neentration of the enzymes is 
more than sufficient to deal with the substrates avail - 


St/oliun 
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/V (Iliii-o.'SC 

1 ‘V. 
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i 

! 

l! 1 liiiloU* acetic a-’i.l 
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TABbK I 

I 


Change in pulsation 


Change in respiration 
Ratio het. normal rale and 
after treatment. 


100 : 203-6 
t 15-0 

0P20 
+ 4-0 

100: 11.3-80 
±0 05 

ino : 152-10 
± 10 03 


1 l''requcncy 

Ratio hel. normal fre- 
I quency and frequency after 
I treatment. 

: 100 : 104-3 
±4-2 

100 ; 96-70 
, ±3-04 

100 : 05 81 
±2-1 

100: 02 05 
± 1-6 


.’Vmplitude 

Ratio het. normal ampli- 
tude and amplitude after 
treatment. 


100: too 


100 ; 84-5 
±56 

100: 85 8 
±803 

100 : 99 
± 8-8 
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able in the tissue. Similarly if an increase in respira- 
ton rate occurs when the concentration of a co- 
cnzyine is increased, that particular substrate is ])re- 
sent in the tissue in more than sufficient quantity. 
From the results given in table I it apiiears (i) the 
enzymes with their co-enzyincs responsible for the dis- 
similation of glucose in Desmodiunt gyrans leaflets 
arc present in sufficient concentrations U.) deal with 
additional (luantitics of glucose. Desmodiiim gyrans 
appears to be auxo-autotropic so far as the respira- 
tory enzymes are concerned, (ii) Indole aextic acid 
is a respratory co-enzyme or catalyst for some sub- 
strate present in the leaflet of Dcsinodium gyrans, 
which ai)pears to be a malate. It is not certain that 
the auxin is a catalyst in the Szeiit (lyorgy respira- 
tory cycle, in which there is only a transfer of hydro- 
gen from the substrate to oxygen without evolution 
of CO2. Probably the auxin acts as a catalyst in an 
alternative cycle, e.g., like the one suggested by 
Krebs, in which evolution of COo takes place. 

Details of the api)aralus used and of further re- 
suits of the investigation will be published in the 
Transactions of the Hose Research Institute. 

D. I\r. Hose 
H. K. Durr 

A. OuuA Thakurta 


Bose Research Institute, 
Calcutta, 15-11-194^. 


Suiiiinarifs of all the paijers nted in the ahove 
roinmunieatioii inclndiny, the one of Thiinmin atnl Coin- 
iiioner, {Jr. (Sen. ritysiol., 24 , 271 ), lh 41 ) which was iioi 
available to us, are contained in Uk* valuihli' rcp'Uts 
contributed by .\very, Von Ovcrbcck and '/hinnennan to 
the Cold .Spring Ilarlxnir Symposia ( 1912 ) “On llu; relalinii 
of liarnioncs to development”. 
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THE OXIDATION REDUCTION POTENTIAL AND 
CATAPHORETIC VELOCITY 


For a sy.stem of a reversible reaction of tlie type 


A1I,;~^A- I- 2 H+ t 2^^ (i) 

for the oxidation-retluclion potential to be the same 
ill dilTereiit .solutions of A""^ at different />II values, 
the activity of the electrons ar, and k must be the 
same. 


K- -ka.- 


K in (2) and Iherefore Ku-.i.-n i^ eoustaiU, since k, 
the dissociation eonslaiit of AIL and nr are the same 
ill dilTeretit A solutions at different /’II values, 

i^ince the redox-potentials of the colloidal ]>arli- 
cles ui contact with A .solution, whicli have oxida- 
tion reduction potentials are the same as llie redox- 
poteiitial of A solnlioiis at th.e same /’II value and 
at tile equilibrium concentration of A solutions, the 
adsorption and dcsoridiou of the A ions must be 
the same and calaphoretie velocities of the colloidal 
particles must be the same. 

I'rom the iheo-y developetl above it follows that 
in presence of dilTereiit concenlratioiis of electrolytes 
at dilferent /’H values, provided the electron ion 
activity, /.c., and k the dissociation constant 

of the electrolyte remain constant, the absolute values 
of the calaphoretie: velocities should ]»e llie s^mie 
assuming that the calaphoretie velocity depends on 
Eroiiox alone. 

Ghosh and Hasak's’ results show that the abso- 
lute values of the eala.plioretic velocities are ehise t«) 
one aiiollier wdien dissoeialion constants 1: f)f tlie dyes 
‘AIL’ and the electron ion activities, Li\, the redox 
potentials are close to one another. 


S. (b ClIAUDllUEY 

Dcparlineiil of Chemistry, 

I'liiversily College <d’ Science, 

CJ2, L]>per Circular Road, 

Calcutta, 7-12-1944. 


(Uiosh and Basak, /. /nd. Clicm. S^c., 17 . 72 !, 19 t 0 . 
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Cjive Science a Chance 

Sir Shanli Swarup Bhainagar s General Presidential Address at the 
Indian Science Congress, Nagpur 


Intro ihtction 

I am deeply grateful to the Indian Science 
Congress Association for the great honour they have 
conferred upon me by electing me as their President 
for this year. T had considerable diffidence in accept- 
ing this high distinction, particularly as after luy 
election I received an invitation from Ilis Majesty’s 
(Government to visit Great Britain, and T was not 
certain whether T could return from this trii) and a 
subsequent visit to the IT. S. A. in time to be able 
to preside over the annual general meeting in Magpur 
in January ro/|5. I was, however, assured l)y the 
Government of India in Ar>ril last that T would be 
able to return in good time to preside (wer the session 
of the Indian Science Congress, and that T should not 
refuse an honour which is offered only once in one’s 
lifetime. My colleagues who have been visiting 
Kngland and the V. S. A. with me advised me to 
send the Presidential Address in good time, so that 
it could be read on my behalf by some one else in 
case I was unable to reach India in time to preside 
over the meeting on the ^luf January i()45, and they 
strongly dissuaded me from resigning the President- 
ship. Several hai)i)enings, however, particularly the 
events connected with D-day and the advent of flying 
boml)S and rockets, unfortunately so much delayed 
our visit to Ivngland that it now seems almost certain 
that 1 shall not be able to be ])resent with you in 
body at the time of the general meeting. I shall, 
however, be present in .si)irit and I hope under the 
able management of the local secretaries at Nagpur 
and the secretaries of the Indian Science Congress 
Association the session will be celebrated with the 
usual dignity and keen interest. I am fully aware 
of the deep interest which His liKcellency the 
Governor of your province has taken in making this 
session a great success. It is a great disappointment 
to me that I am unable to take advantage of His 
Excellency’.s gracious offer of hospitality during the 
scs.sion. 

Before I begin my address I niu.st refer to the 
sad loss which our country and the world of science 
has suffered by the passing away of our great Acharya 
Sir Prafulla Chandra Ray. He was Presidcfit of the 
.se.ssion when the Indian Science Congress first met 
at Nagpur in igrS. Men of his type are not born 


every day and our motherland will not easily recover 
from the .shock caiLsed by the death of a son so highly 
distinguished for his scientific achievements and 
patriotic services in many fields. 

Vi.siT OK Prokrs.sor a. V. Him, 

Perhaps the most outstanding event in the 
scientific life of India during the past year was the 
vi.sit which Professor A. V. Plill, Nobel I/aiireate and 
vSecretary of the Royal vSociety of London, paid to us 
at the request of the Government of India. The in- 
vitation to Professor Hill has been generally taken 
as an indication of the interest the (lovernment of 
India is taking in securing the aid of science in 
problems of national development to which they are 
committed during the post-war |)eriod. It was largely 
owing to the in.sisteiicc of the Council of v^cieiilific and 
Industrial Research that more financial aid should be 
given to science, that such an invitation could be 
conceived even during the war. One must not forget, 
however, the part played by SciKNCH and Cur/ruKic 
which under the able editorship of our distinguished 
physicist, Professor M. N. Saha, always criticized the 
Government for lack of interest in matters scientific 
and for scanty provisi«^*i of funds. 

Several officials in the Government and the 
jiublic outside thought they detected in this criticism 
motives of jealousy, as there is no doubt that the 
Council of Scientific and Industrial Research had 
achieved important results in spite of inadequate 
financial assistance from the Government and in- 
dustries, and deserved the fullest support from all 
friends of .science and indu.stry. Nothing could be 
further from the truth than this suspicion. No more 
ardent supporter of science, and of national develop- 
ment through it, exists in India than Professor Saha 
and 1 lake this opportunity of acknowledging the help 
I have always received from him in my lonely fights 
for better recognition of .science in my country. 
Every form of unofficial support, on which alone one 
can finally depend for a democratic realization of the 
role of science in nation-building, always came un- 
hesitatingly from him and his colleagues. 

It is a happy augury that the report made by 
Professor A. V. Hill had an unusually short incu- 
bation period. Following his recommendations the 



Goveriiineiit of India have already created a Dcpart- 
ineiit of Planning and Development and the Council 
of Scientific and Industrial Kescarch has been trans- 
ferred to this portfolio. Other researcli activities 
under the Ooveriinient are likely to follow suit. I 
am sure the scientists assein])le(l liere have special 
reason to be ha])py in the fact that the choice of the 
V'^iceroy for the care of this new j)ortfolio has fallen 
upon Sir Ardeshir Dalai who has lieeii a pasl-presideiil 
of I he Indian Science Congress and who coinmaiids 
the confidence and respect ijf the scientists as uell 
as of the business coinmnnily of India. It is hoped 
that other far-reaching recoin meiidations of ih'oiessor 
A. V^ Hill will also be accepted by the ('lovennneiit 
of India. There is no better method of rai^ng the 
standard of scienee and scientists in this country ilis.n 
tliul so ably developed and skilfully deserihed in his 
address before the last session of the Indian Scieiu-e 
Congress. 

ImjIAN vScJKNTIKlC MlSSluN TO K., V. S. A. 

.\NM) C\?>^VIn 

Another direct outcome of Professor A. V. Hill’s 
visit to India has been that a mission of scieiitifie 
workers from our country has been louring the U. K. 
and has arranged to go over to the U. S. A. and 
Canada, to observe the scientific, industrial and agri- 
cultural develoi^meiils wliicli have come about in 
these countries during the war and then to make 
recommendations and suggest plans for a ftirlher 
interehangc of information and knowledge for mutual 
helj) and co-operation. India has l)een cut off intel- 
lectually for more than five years from tlie rest of 
the world and that in itself is a ilisaster the magni- 
tude of which is direc*t]>- |)njporlional to the va.sl 
strides science and re.search have made in the U. K. 
and Xorth America. 

^^y i>resenl visit to England has been the great- 
i*st eye-oj>ener to me and I have now seen with my 
own eyes the high levels to which scientific inven- 
tion and ingenuity have risen during the war. Not 
only has science helped in developing v\ea]>ons and 
instnimcnts which are essential for siicce.ss in a 
mechanical warfare, but it has aided industry and 
agriculture in supplying the basic needs of humanity 
during a period of great diniculty. The results both 
in military and human terms have been most en- 
couraging. I'he large-scale application »)f radio- 
location, the jet propelled planes, the nimienms types 
of jettison tanks and unbreakable containers, the 
aiiloinatic weapons of ofTentv and ilefence and scores 
of new' alloys and novel metallurgical processes liave 
had far-reaching conseciueiices on the course of the 
war. The tecluiiquc of operati<mal research, the use 
of scientific methods of determining tactics and devc- 
loi)ing a national food policy, the discovery of peni- 


cillin and D. D. T., all these have contributed much 
to the realization by the common man and the C'.ov- 
eiiimeiit that organized science is one of the most 
important factors in iiali<mal de\elopmeiit. !l is a 
trag:edy lhal a ruthless war and almost \ini'’eisal 
bloodshed sl’oidd l)e iiecessarv for lliis lu.w awaken- 
ing, for it sh<>uld have been obvious without it that 
seieiice ean i)la> and must i‘lay an es.-eiitial part for 
human ailvauceiiK.nl. In fact, unless opportunities 
are pr(j\'ided hu’ s<Mrnc ■ tf) c>]»lore these possibilities 
for liumaii betlermeiit, a belter w<Mld I'annol be 
created. 

There is no (hnil)! tlial h‘ue.land sparing no 
elforl t*j a])proach the Peace much better in1j)niie<l 
and equipped than alter the last aar and the Mgns 
of this new awakening ai«' \ l-'ible in the universities, 
the ( i»)Verniiieni deparliiKiil.- , in in<iusti\', liie agri- 
cultural and iiieilical insliUiliotis ni'l in i \ ei v' «)lhcr 
wall: of life. 

As representatives of Indian st'ieiice, we have 
been welcome everywhere. The ('loverniiient, the 
Royal vSociely and otiier learned societies, tlie imiM.r- 
silies, the I)epaitnienl of Seieniifie and Imlustrial 
Research ami the Resean'h :\ssoeialions and the 
National Institutifins a^soeialed with it, the agricul- 
tural and medical iustitulionii, the clul)S, the brilii.i. 
Council and the industries and trades, the social and 
political organizations, the public .schools and import- 
tant private individuals lia\e \'ied with one another 
to have us for teas, for luncheons ami dinners and 
for siJeechcs for which we have become notorious all 
over the country ! I'A'eryone st ems to regard our 
visit as a ]nelnde to belter underslanding and trade 
lelatioir.diips lielween our respective ronniries and 
as a g.estnre of friemlslii]) from the BiilisU ('i(.>vern- 
nieiil, British science and i’rilish imliistry to Iiitlia. 
l{veii Ireland has not insisted U]»oii isolation ami 
strict neutrality and I liad a most pressing invita- 
tion to address the University of I)u])lin oil vScieiilific 
and Imlustrial Rcsearcli in India, and this iiM'ilation 
was e.Kleiidctl to my oi>pnsile number in the U. K., 
Sir lulward Api>leton, as I pleaded that I was tied 
up witli engagements witli him ami could not visit 
Ireland unless he also came with me. An important 
member of His Majesty’s r.overnnient’s Hosj)itality 
dejmrlmeiil told the Assistant Secretary of tlie Royal 
Society lhal even Kings visiting l{ngland did not 
rvceive Mich a wan a welcome as the Indian scientists 
have received ! All this is an indication of llie keen 
iiieiesl ])eoplc in Kngland are taking in science and 
rc.searcli . 

Scii'.xcK IN TiiK British U.mvkrmtiks 

We found most universities denuded of their 
ablest workers. They were nearly all engaged in 
important war work and visited their departments 
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only occasionally. They were busy with meetings 
ami coininittecs ami in si)ecial scientific work related 
to the war-cfi'orl : hnl all the .same they are all 
devoting their attention to the ftiture of science in 
Jlritish universities. Tlie Association of vScieiitific 
Workers has siihiiiilted a nieinoramlutn to the Uni- 
versity (irant Coinniittee of the Treasury suggesting 
what reforms in teaching and research should be 
taken in Iiaml immediately after the war and better 
jm)visioii for science should be made in the univer- 
sities. ^riieir rejjorl ends with the following strong 
plea : 

‘We reihratc, llieai, niir plea for the iiliiiost vision and 
flexibility in l)U(lgetti!ig for the development of 
science in the universities. Wliere the flowering of 
inlellect is concerned, any acenratc prediction is 
impossible. Wc^ are convinc;cd, li<j\vever, that peace 
can si'e at least as ra])id a growth in all fields of 
science as war has brought about in s<jme special 
a])i)li('atio;is. The only proper attitude for an en- 
lightened community is to make avnil.ihle the 
financial and material res»)urces ap])ro])rial ? to each 
stage of ih?vt‘lopnienl. We are far from being in 
sight of either the. limits of seienee or the end of 
our reserves of intelligence. Bold and flexible 
thinking is therefore the ])rime necessity in fram- 
ing post 'War policy for the universities/ 

Out of the many important reconnneiidations made 
by the Association of J>ciciitific Workers for the ex- 
l)aiision of scientific activities in the universities, the 
following arc (juoted so that tlie rndian universities 
may take a lesson from what is now the train of 
tluniglit in Great Ihilain : 

(1) vSchools of fundamental research must he fostered 

in the universities, expansion proceeding as 
fast as talent n])p<’/irs. 

(2) .\1I graduates with an aptitude, for research should 

he offered full maintenance while working for 
a higher degree. 

{^) kescarrh fellowships should he ])rovided for 
those who have taken a doctorate degree. 

(•4) When men arc appointed mainly to do research 
they should have to have the same status and 
salary as those api^oiiited mainly for leaching. 

(S) Research committees should be set up in every 
university to watch over the development of 
research, especialh in btirdcrliiie subjects, and 
prepare an annual research budget. 

(fi) The education and training of laboratory techni- 
cians should he. given immediate attention. 
Courses should be planned for general edue.'itioii 
and technical training. 

(7) The wages of leclinicians must be. revised up- 

wards forthwith if the. universities are to 
attract the right type of personnel. 

(8) Centralized technical services and supplies for 
■ research should be establislictl in each uni- 
versity. These .should include facilities such 
as a typewriting pool and a .statistical .service. 

(9) Departments of applied science should be !)rougIit 

into being, as they are 1x)Uiid to play an 
important part in tiie university. 

(10) Indii.strial development work .should be carried 
out in Research Nssociation laboratories : but 
where these Research As.sociations do not exist 
the univers’ty lal)oratories may be employed. 


(11) Academic scientists .should be allowed to act as 

consultants or advisory directors of research to 
research associations and should be given 
leave to spend long vacations in fiinduslrial 
lalx)ratorie.s. 

(12) Properly supervised research in selected Research 

Associations and (kivcriimcnl laboratories 
should be allowed as part of or a full quali- 
fication for a liighcr degree. 

Some of lliese recommendations involve capital 
cost and the memorandum referred to above estimates 
this to he not less lhaii million over a i)eriod 
of ten to twenty years. The actual expenditure of.^ 
the universities would rise to /’,t 5 million i)er annum 
with five years and to f. io million over ten years at 
lOdP values. It has been sugge.sted that most of this 
money will come froiTi the State. Further, it has 
been strongly recommended that the Treasury (b'ant 
to the Universities sliotild be doubled in the first 
academic year after the war and increased to 
(luadruple, that is to /Jo million, in the fifth year. 

'J'he future of .science in the Ihitish nniversitii*s 
would thus be assured. This must serve as an in- 
centive to our Vice-Chancellors wlio should ask the 
nation and Government for more grants for leclini<‘a] 
education and developmenl of sciiaiees in the Indian 
Universities. T have been told that at least in two 
Universities in India, scientific research is now posi- 
tively discoiira.ged and (in the name of economy) 
jidmission to research students, in spite of the willing- 
ne.ss of the professors concerned, is almost completel>’ 
prohibited. I take this opportunity of drawing the 
allentioii of those uho love their country and wish 
it Well to see that tlie field of university cdiiealif)n is 
kept as free from narrow commnnalisni and politics 
as possible, v^imx* politics has begun to play a part 
in the selection and election of Vice-Chancellors, the 
(hiiversity .standards in liulia have tended to deterio- 
rate instead of sliowiiig an improvement and if these 
evils are not looked into by the Chancellors and the 
Courts of the Indian Universities, these inslitntious 
will cca.se to be real scats of learning and will turn 
into arenas for |)olitical amlfitions. 

ScTiiSxNCii IN Hritish Indu.stry 

British indUvStry in the pa.st relied too much on 
tradition. It is now realised that the prosperity of 
Britain after the war will depend as never before 
ui)oii the . efficiency and ])rogrcssivencss of her 
iiidu.strics. Happily, for it is a most healthy indica- 
tion of things to come, industrial and scientific 
research, is on almost everyone’s lips now-a-days and 
it is certain that this will be one of the major features 
in post-war industry. In certain industries, such as 
the chemical industry, the application of science and 
research has reached sucli high levels already that 
even the Department of Scientific and Industrial 
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Research has not considered it an itnpcralive neces- 
sity on their part to equip and maintain their Cheinicat 
Research Jva})oralory to the same level of cHicieiicy 
as their National Physical Laboratory. They main- 
tain that the Imperial Chemical Industries conduct 
research on such a lar^c and liberal scale that the 
('.overninent Laboratories need not compete with 
them. The Directors of the Company are pro;^ressive 
in their views on scientific (levclopmeiit and at a 
luncheon which the T. C. T. Rave to the Indian 
.‘-.cientists at ClaridRCS, I/ml Mc(h)wan, the Chair- 
man, reported that the Directors of the C<jmi»aiiv had 
oiTered to provide at nine Universities of Creat 
Hritain, ciRhly fellowships of the average value of 
/Jhoo ])er aiiiiuiii to be lieki by senior workers in 
certain sciences. The research organisation of the 
Company itself consists of nearly nine liuiidred fully 
(jiialified chemists, physicists, biologists, engineers and 
other scientific men and more than a thousand skilled 
assistants. During TO43 its expenditure on research 
and development in its own work was a])i)ri)ximately 
L:!, 200, 000 ; and in addition, yji2,5oo,ooo became due 
from the Company to the British and Overseas 
(hnenmieiits under the heading of ICxcess Ihofits 
Tax, National Defence Contribution and income-tax. 
We had the good fortune to see their vast factories 
and researc'h organisations at Billingham, Blackly 
and Huddersfield, and our distinguished industrialists 
wlio are visiting England should go and see these 
aigns of research-minded iiess of the British industries. 

When I replied to the (oast t>r()i)osed l)y lyord 
McOowaii at the Innclieon, T .spoke of the I. C. I.’.s 
partiality to their own e'ountrv. They had at lea.st 
t\\f> big factories in India and I ])leaded for grants 
• m a generous scale for selmlarshiir. for seieiUifie 
research in India ])v the I. C. I. I urged that no 
feast given to the Indian Brahmins is complete with 
nut a gift, and that all scientists are Brahmins by 
profession. The [ilea went home to Lord Mc(w)wan 
and he promised to consider in a friendly wav tlie 
qiieslion of endowing re.search fellow .sliij)s in Indian 
I'liiversities. He also a.ssurcd us that tlie eighty 
fellowships in the Britisli T Universities wx*re ojien to 
Indian scientists in free coniiietition. 

Besides the I. C. I., there are other iiulustries 
in Britain which have large researcli departments, 
and we were particularly impressed by the efforts 
which had been made hy such firms as Metropolitan 
Vickers at Trafford Park, ISIanchcstcr, by the (uncial 
lUectric Company at W’embley, by Burroughs Wel- 
come, by Brown P'irth Co., by the B. T. II. at 
Rugby and by the Anglo-Iranian and Shell group 
organisation. In addition to the many private inves- 
tigations carried out by individual firms, the interests 
of rcvsearch by industry are safe-guarded by investi- 
gations carried out in twenty-four Industrial Research 
Associations, which are maintained jointly by 


Industry and the Deiiartinent of Scieiilific and Indus- 
trial Research. 

We are aware of c*ven iiifire r)ntslandiiig 'ui’.uii- 
.sations of this kind in the U. S. A. and Canada and 
look forward with eagerness to \isiting the Bell 
Telei)Iione Laboratories in New York in which the 
American Telegrajdi and 'rLlei)hone Comi)aiiy emi>loy 
over ^1,000 scientific workers and technical men. The 
Ceneral JClectric Coni|)any at Schenectady, V., 
the l{astman Kodak Coinpan\' at I\t)chesler, 
the Mellon Researcli Institute, Pittsburgh, and the 
various Petroleum Companies in the f. vS. A. have 
fully equipped laboratories which work ilay and night 
on problems of. fundamental and ai)i*lied interests. 

If Indian industry has to rise, and rise it must 
to its ])roper stature in lime, it must liegin to devote 
more attention to exixndilnre on researcli. There is 
hardly an)' industrial oigaiiisalioii in In^lia except 
Tatas whioli provides even reasonable facilities for 
scientific and industrial research. LaUly Mr («. I). 
Birla and vSir vShri Ram have shown some inleresl in 
scientific re.search, but much has yet to be dime by 
science to save the existing industries in India from 
(•xtincti«>n by outside coiiqjelilioii after the war. 

The newly started indiistilal iniils of India 
should join together and form Industrial Research 
Associations and the Council of vScieiilifie and liulii.s- 
trial Research and the C-overnnieiit should subsidise 
the organisations so that they may bh.asom forth into 
]io[)cfiil industries of the future India. 

Now that expenditure on research, both ea])ital 
and recurring, is likely to be free fn)m tbe ICxeess 
lYofils Tax, Indian industry sliouhl give a real 
impetus to science. \«)thing will IkI]) iiuluslry and 
science more tlian if oiir firms in India become 
reseaivli-niimled. JN'eii l»en>re my \isil to I'higland 
I strongly advocated tlie formation of Reseaiadi Asso- 
ciations in India and 1 am .glad to liear that the 
ihemieal and ])hannaeeutieal iiulustries of India are 
a1)ont t<i give a lead in this matter and have apjnised 
the. Council of vScienlific and Industrial Research of 
llicir intention to form a re.search association. After 
.seeing the work of Re.search Association Laboratories 
liere, I have become convinced that we iimsl work 
hard to get qur .small and liig industries in India 
research -mi tided so they may gain knowledge and 
strength to produce goods of the liest quality and 
performance. 

Im)Itstkiauzation or India Ksskntial for World 
Progrkss 

Perhaps the most imiiovlant. factor which will 
have world wide implications will be our attempt 
to raise the standard of living in India. Politics docs 
play an important part in all events. It is obvious 
that the best and (piickest way of bringing about 



national dcvc-lopmunt for India to have a National 
fioverninent re]iresenlative of the ijcople. ^iMie pre- 
Neiit ahseiKv, howewr, of ‘-iiJi a ( h>\*crnnient does 
not jiistih' that the thinkin.e nieii and women of 
India slionld lud devise ways and means of lietterin^ 
the lot of their fellow-heiiiKs to the best of their 
a])ility under present i*iremnstanees and in view of 
tile fiitnre. I am n(»t lonvineed tliat tlic rich and 
the wise in tin.* land haw done all tliey can for 
agricultural and iiuliistiial de\eh)pment <vf India. 

It has been ureed by softie that the problem of 
India is lareelv biolo.eical, tliat health, foo<l and popu- 
lation are oiir real I)ottle iiLcks. Those who know 
India intimately are fully aware of the facts that 
attention to anricultiire alone cannot soh'e the ]»rob- 
lem of India’s poverty. Ih’oloj^y must be hel|>ed by 
physics, chemistry and en^.;iiieerin^^, even by tnalhc- 
niatics. India cannot be healthy, ]>rospcrous and 
self-respectin.u, and educatifui, medicine, and a.ericul- 
tnre cannot jdav their lm])olrant role, unless a .i^oocl 
bit of India’s population is devoted to pursuits other 
than a.erieultural. 

In a previous paper I have described the orders 
of priority for some of the industries essential to 
India’s dewloimieiit, .In that pajier the first place 
was ^iven by me to the dewlo()incnt of power and 
there seems to be iif)W a ‘general concensus of opinion 
that India miisl develo|) her hydro-elcctric and other 
power resources as her coal resources are already 
severely strained. 'i’hiN jiroject will have to be lar.<ely 
ihianced b\' the Slate, as it. is far too bi.e any 
private enterprise in India. 'iMie Stale will also have 
to help bift basic induslrie.s and heavy eTii^inccriii.e'. 
We shotild, l)V al! melltods of i)ersuasion and even 
threats, api>eal to the e.\i'^tin.e industries in India to 
dcveloj) the bye-pr(»diic(^ industries assiiciatcd with 
them. For e.vami)le, the eieal jute industry in India 
should lake immediate sU*i)s t(» manufacture such 
things as jule-board>, Fralliee cloth, jute felt from 
.jute waste, jute c.'.utainers, and jute cloth for wear- 
in.e purposes. 'I'he Stat^.- aii<l the public should insist 
111)011 lhe.se iudiislrie-- bein.e developed by the jute 
industry it.selt. vSimilarly it should ])e the duty of 
the sii.ear industry that their bye -products such as 
mola.sses and ba.^asse should not be used wastefully 
as at jirescnt. Power alcohol furfural and its deriva- 
tives, acetic acid and all .sorts of plastics and solvents 
can be made from these bw-products and the.se should 
occupy the immediate attention of the proinolors of 
our su.eaf industry. 'Hiey have sufficient money to 
invest in these ventures which may not start lutyiiiK 
dividends all at once, but they will eventually be 
all very worth-while in national planniiiM and deve- 
lopment. If T would not be misunderstood, I would 
make a suRftesFon to tho.se Furopeaii and Indian 
friends^ who are interested in the industrialization of 
India not to fii>ht for ^ or more to cither side, but 


to come to terms honourable for both and do some- 
thing to lielj) Indian industry. It is obvious that 
European friends in India will have to yield to the 
natural asi)irations of India, namely, that industry 
in India should be largely manaKed by Indians thcMii- 
selves. Indian businessmen should see that co- 
ojieratioii with the allied powers is the (|uickest 
method of developing; India. The energy ^s[)etil in 
(ighting may be belter spent in co-operative deve- 
lopment. If the bye-product industries of coal-dis- 
tillation, the i)elroleum industry, the textile industry, 
the woollen, cotton, sugar and jute industries and 
the metallurgical and chemical industries are deve- 
loped, the country will have a different complexion 
altogether and a co-ordinated programme of dev'clop- 
ment in all directions will become a possibility. This 
plea I am entitled to make as President of the Indian 
vScience Congress, as I am convinced that .science has 
no future in India unless its agriculture and its indus- 
tries are fully developed ; more h)od and more health 
are de]x*ndent upon these factors. Scientific and 
industrial research thrives best when it is applied to 
material benclit to human kind and to existing indus- 
tries and exi.sting agricullurai enterprise. 

LKOISU.XTION \M) SciKNTlrlC .\N1> TkcHMC.XL 
Pr^orkss 

We were invited to a luncheon at the House of 
Commons by Captain b. Pliigge, M.P., and w’cre 
later invited to a meeting by an iiinuential unofficial 
organisation known as the Parliamentary and 
vScieiitifiC Committee. This body con.sists of a largo 
number of members of both Mouses of the Jhilish 
Parliament, together with representatives of many 
important scientific and technical institutions and 
societies. It has no official authority but it com- 
mands great influence. Its President, Ford vSaninel 
met us at lunch and its Chairman, Mr K. W. vSalt, 
M.P., presided over the meeting wliich we attended.. 
It was a great gathering: Professor A. V. Hill hini- 
.self, as aLP., introduced the meiiibers of the Indian 
vScieiitilic Mission one by one and each one of us made 
a short speech on our special subjects. We were 
subjected to numerous questions of a searcliing nature 
and the Chairman assured us that, through their in- 
fluence in Parliament, they will advocate the cause 
of scientific and industrial research and development 
in India. It is my considered opinion that the 
members of the Council of Slate and Assembly in 
India could well form such an organisation as the 
Parliamentary and vScientific Committee. This would 
keep them in touch w ilh all the problems of modern 
interest such as technology, science, agriculture, food 
and health. They could help by talking over matters 
with Honourable Members privately or by asking 
(lucstions on the floors of the tw’o liou.ses. Such an 
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organization would enable our legislators to take an 
intelligent interest in tlie tcrrifu'. task of rtronsinu*- 
lion wliicli faces our country. This would also lead 
them to appreciate the special role of scientific men 
in modern society. 

Tkmnim; oi- Pkksonnkj. 

As a result of our visit it may lie possible to per- 
suade the C'.overninent to have scicnlilic liaison officers 
in Washington and London, and possibly ^Moscow, 
so that the Indian scientists and the Indian f'lovern- 
niciit departments may lie in touch with the tapid 
strides whicli .science and technology arc making in 
these countries. These offices will have to be staffed 
Iw scientific men of some standing in India. It is 
also likely that we may be able to get admission for 
a large number of scholars and technicians from India 
both in tlie I 'niversilies and induslries. We found 
many Universities eager to have good students for 
post-graduate studies. Lord Ivustace Percy was par- 
licularly anxious that good-class Indian students 
should lake advantage of medical and dental studies 
in their wcll-eiiuipped faculty of medicine at 
Newcastle. -Similar assurances were given to us hy^ 
the autliorities of Cambridge, Oxford, London, 
vSliefheld, Leeds, Glasgow and Manchester Univer- 
siiies. Tliere will he a great ])aucity of space imme- 
iliately after the war in these places of learning, but 
ihey hope to have a great deal more space later on. 

V\ e should increase the availability of technical talent 
in India by sending our young and brilliant students 
to Kiigland and America. India needs not only 
.scientific re.searchers but also tecliiiiciaus i»ersous of 
the foreman type who can help in the ruiuuiig and 
repairs of iiiachiiiery .si) es.seiitial for indu.strialisalioii. 
Such firms as the Iiiiijcrial Cheiiiical Industries, 
Metropolitan Vickers and the non-ferrous metal in- 
dirstries in Kiigland are (piite willing to train young 
men from India and even |)ay them as apprentices: 
we need a very large number of men with these quali- 
fications, and we shall liave to look for such training 
in Canada and the U. S. A. as well. 

Factory ant> Fartm 

In England great emi)hnsis is being laid on equal- 
ising the standard of life in the cities and the villages. 
Agriculture still retains in England too much of its 
primitive character. Modern methods ol ap])lication 
of energy on the farms, conditioned transport and 
proper storage of agricultural porduce are still in their 
infancy. Canada and the United States are ahead 
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in this field and the tractor, the motor vehicle and 
electric tK)wer have contributed a gival deal in those 
cmintries for a better standard of life on the farm. 
t)ii a value basis at ineseut about SS*',, of tin* world’s 
agricultural prodtice is used as bn^d, as textiles 
and 4 % for other industrial piiri>oses. The last two 
together form roughly one-third of the raw materials 
of iiidustiy . There is an increasing tendency to look 
to agriculture for a larger proportion of these raw 
materials, but these materials can only be used pro- 
iilablv if the factory becomes an adjunct of the farm. 
Industry is moving towards that ideal ])articularly 
ill the U. vS. A., and this may be a lesson wliioji we 
ill India may learn in oiir planning for the future. 
We are so iirimitive in our farming that this would 
be an idle dream unless we first imiiroved our traiis- 
j>orl and communications and provided belter methods 
of storage and marketing, i)ower-driven machinery 
and the use of proved fertilisers. 

After studying the great strides which science 
has made in luigland, we are exi)ecting to visit the 
U. S. A. and Canada. As a young boy, my class- 
mates used to tease me for being a day-dreamer. I 
used to til ink of great things which science could 
do for India and the part I, myself, should play in it 
with the rest of my friends. The improbabilities of 
my dreams coming true used to be the principal 
subject of jokes when 1 was a student. If 1 had no 
pos.sessed a sense of htiniour and had taken those 
je.sts seriously I should have been a ])hysical wreck, 
but, Cod be thanked, I have survived to see some 
of iiiy dreams fulfilled. Failures have been many 
and successes rather few', but with an inborn opti- 
mism and faith in my countr\ ’s future I iiursuc on. 
We shall iiow' gt) from billiiigham, Leeds, Sheflield, 
Cov«Mitry, Lancashire, from the Royal Society of 
London and from our beloved Hill and Dale to the 
land of Xiagra h'alls, the boulder Lkim and the 
Tennessee Valley. The tale of the Tennessee Valley 
is the romance of a wandering and iiicon.stant river, 
now beccmie a chain of cliarming and hjvely lakesr 
which luive contributed much to tlic enjoyment of life 
of the jicojile, on which move, without any dangers 
of accidents, barges of commerce which nourish 
American iiidu.stries. It is a fairly story of wild 
waters controlled by liumaii ingenuity creating elec- 
trical energy which has been America’s Alladin’s 
lamp. 

I dream of the Tennessee Valley, but not without 
hope : for all this may hai>pen to any river valley in 
India, to the DaimHlar, to the Ganges, to the Sutlej, 
to the Nurbedda, to the Sonc, if the people and the 
Go\ernment just give science a chance. 
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Horn at Hlicra (Slialipnr) in Sir Shaiiti 

Swanip Hhatiiaiiar had his early education at Dayal 
Sin)[>h Hiyli Jx'hool and Porinan Christian Collcj;c, 

Laliorc. He took his 
, ]\I.Sc. de^*rce of the 

j Punjab University in 
UjU) and i»roceeded 
to J{n^^Iand as Dayal 
vSiiiRh vSeholar to 
•$;^i^-’‘Nvork in the labora- 
tories of Prof. II O. 

■ ./• i* * Donnan , F, R .S. , of 
i tlie University Col- 
• 1 eft e , London . He 
^'carried on important 
I investigations in the 
tlleld of C'olloid Che- 
in i s t r y, \v h i c h 
i)rou^’ht liim early 
distinction in the 
.shape of a personal 
grant of ^250 by 
the Privy Ca)nndl, 
Department of vScieiitific and Industrial Research. In 
ig’i, he was awarded the D.Sc. degree of the London 
University in recognition of his work on emulsions 



and emulsification. He worked for sometime at the 
Kfliser Whllielin Institute in Berlin and at the 
vSorbonne in Paris. 

On his return to India, Dr Hhatnagar was 
appointed Professor of Chemistry at the Benares 
Hindu University. In response to the invitation ex- 
tended to him by the Punjab University, he became 
the University Professor of Physical Chemistr}" and 
the first Director of the lievvly created University 
Chemical Laboratories. Here he carried out a series 
of important invc.stigations on magneto-chemistry 
and designed the Bhatnagar-Mathur magnetic, 
balance, which soon earned him wide recognition. 

Dr Bhatnagar’s investigations in connection with 
the coagulation of mud at the request of the Atlock 
Oil Company whicn was then faced with great diffi- 
culty in drilling operations deserve more than a 


passing iid^icc. Ilis successful researches resulting 
in the solution of those difficulties led Messrs. Steel 
Bros. Co., to inaugurate a scheme of research on 
petroleum technology, under the auspices of tl>c 
Punjab University, at a cost of Rs. ijj lakhs for live 
years, which was later extended to ten years at a 
cost of Rs. 4 lakhs. 

Dr Bhatnagar became the first Director of the 
Board of Scientific and Industrial Research, created 
in 1040 by the Government of India to promote 
industrial re.search in this country. With the estab- 
lishment of the Council, he became the Technical 
Adviser of the Council and Director of Sceiniific and 
Industrial Re.search. The great ])rogress this 
(iovernmeiit organization on industrial research has 
made during the last four years is largely due to his 
untiring energy and superb organizing abilities. 

Profes.sor Bhatnagar was honoured with the title 
of O.B.JL in iQ.tt) and knighted in 10 p. He was 
elected to the h'ellowship of the Royal vSociel.N’, 
I.ondon in 1043, a singular honour accruing for the 
first time to an Indian chemist. lie is a Feiltnv 
of several universities and scientific societies. He 
has held the jiosition of the President of the Indian 
Chemical Society, has presided o\er the deliberations 
of the Chemistry se 'tion of the Indian Science 
Congress on two occasions, the last one being at the 
Juliilee vSession, and has recently been nominated an 
Honorary Member of the vSociety of Chemical Indus- 
try, a rare distinction conferred so far on only 
eleven scientists of the world. He is an Honorary 
Profe.s.sor of Chemistry at the Benares Hindu Uni- 
versiU’ and the Universities of Punjab and Delhi. 
He is the author of “Principles and Application of 
Magneto-chemistry”, which is the first book on the 
subject in Knglish, and has been highly appreciated. 


B. N. PRASAD 

President, Section of Mathematics and Statistics 

Born in 1899 in the district of Azamgarh (U. P.), 
Dr Badri Nath Pra.sad received his education in the 
Patna College and the Benares Hindu University. 
After a brilliant school and college career culminat- 
ing in a first class first M.Sc. in Mathematics in 
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1921 from the Benares Hindu University, he worked 
there as a research scholar for a year with the late 

Professor (hmesli 
Prasad and was sub- 
sequently appointed 
in 1922 as Assistant 
lh*ofcss(»r of Mathe- 
matics. Since July, 
iQ 2 /\, he h.as been 
on the staff of the 
Matlieiiiatics I)c- 
partiiicnt in the 
Allahabad Univer- 
sity . 

In 1929 lie pro- 
ceeded to luirope 
wliere lie remained 
for three years, lie 
obtained the Ph.l). 
de.eree from the 
University of Liver- 
pool and State 
D.vSe. {Tres ho not- 
able) from tile University of Paris. He studied 
mainly with Professor lU T, Whittaker of 
IvlinburKli, Prof. Iv. C. Titchmarsh of Oxford, 
llieii at Ijverpool, Profs. Uenjoy, Borel and Goursat 
at vSorboiine and Profs. Lel)esL»ue and JIadamard 
of College de France. Durinti his stay in I{iir()])e 
lie visited most of the important centres of 

mathematical researches in (treat Britain, France, 
U.ermany and Italy. He was invited to read papers 
before the London Alathematical >Society, Ivlinbur.eh 
Mathematical Society, vSocicte Mathematique de 
France and Mon Iladamard’s Seminar at College de 
France. Professor BorePs remarks about the supe- 



rior quality of Dr Prasad’s researches are couched 
in highly apiireciativc terms (*‘r,e Temps”, Paris, 
June 5» 1032, p. 6). 

Ur Prasad’s researches lie in the domain of Pure 
Mathematics comprisin.e: in iiarticular, theory of 
Functions of a Real and Complex Variable, theory 
of I'ourier Series, Sum inability of Infinite vSeries, 
Non-differentiable functions, Fourier Integrals and 
theory of Conjugate Fourier series and allied topics. 
His loTi^ memoir on the Coiijii.^atc Fourier series 
(Journal de Mathctiiatique, 9, pp. 153-205, 1932) has 
attracted considerable attention. Dr Prasad’s pioneer 
work on Absolute vSuinmability (A) of tritTonometric 
scries has opened a fertile field of research inasmuch 
as it has at once given rise to a number of ])apers 
on this subject which have been published by 
numerous workers in various countries. His papers 
have been reviewed in scientific journals in appre- 
ciative terms, and some of his results have been 
already incorporated in the well-known treatises on 


‘‘Trigonometrical »Series” by Zygniund and ‘‘'riicory 
of Fourier Integrals” by Titchmarsh. Working 
under his guidance a number of research students 
have also published i^apers. Recently Dr Prasad has 
published a text-book on ‘‘Hydrostatics” for the use 
of B.A. and B.vSe. students of the Indian Universities. 

Dr Prasad is a I'ellow of the National Institute 
of Sciences of India and of the National Academy 
(if Sciences, and a member of the lamdon Mathe- 
matical vSociety, vSocietc Matliemati(iue de F'rance, 
Indian .Mathematical vSociety and Benares Mathe- 
matical Society. He is connected with most ol the 
Indian Universities in some capacity or other. At 
several University centres he has delivered lectures 
both on higher Mathematics and on popular subjects. 
Dr Prasad takes keen interest in University affairs 
inasmuch as he is a member of the Onirt, .Academic 
Council, Ibiciilty of vScieiice and Board of Studies 
in Mathematics in thi.‘ Allahabad University and of 
the F'xecutiv'e CouiH'il, Court, Senate etc. of the 
Benares Hindu University. 

R. C. MAJUMDAR 

President, Section of Physics 

Dr R .C. Majiinidai was a student <)f the 
Calcutta University and having obtained the Prem- 
chand Roychand 
Scholarship lu? -went 
lo (icrmanv in 1950 
as Carl Zeiss I'el- 
lo\v of the Jena 
University. H e 
worked with Prof. 

A. Sommcrfeld at 
Munich, Prof. H. 

Vogt at Jena and 
Prof. W. Heisen- 
berg at Leip/.ig and 
received the Dcx^lo- 
ratc degree with 
vSnmma Cum Lande. 

In recognition of 
his works Dr Ma- 
jnmdar was award- 
ed vSir Rash bell ari 
('.liosli Tra\elliiig Fellowship for two consecutive 
years by the Calcutta University, which enabled him 
to visit and work at different Universities of Europe, 
jiarticularly at the Cavendish Laboratory at Cam- 
bridge and Institute of Theoretical Physics of Niels 
Bohr at Coi)enhagen. During hi.s slay in Europe 
Dr Majiimdar made iTiijiortant contributions lo statis- 
tical mechanics and astrophysics. An aecoiinl of 
his work on relativistic statistical mechanics has been 
given in the book ‘'On the Introduction to vStellar 




Structure” written by Prof. S. Chandrasekhar. 
Dr Majumdar has recently joined the Physics Depart- 
ment of the Delhi University. 

K. VENKATARAMAN 

President, Section of Chemistry 

Born on June 7, 1901, Dr Veiikataraman was 
educated in the Presidency College, Madras and 
received his Ma.ster’s degree in Chemistry from that 
University. He carried out further studies and re- 
search in the University of Manchester and received 
its M.Sc. Tech., Idi.D. and D.Sc. degrees. He work- 
ed under the distinguished chemist Sir Robert Robin- 
son on problems of Organic Chemistry. He has 
published about 100 j)apers on flavones, inetting 
agents, synthetic dyes, oxyccllulo.se and hydroccllu- 
lose antiseptics and aiilhelmintics, etc. in the journals 
of a number of learned societies, foreign and Indian. 
He was Professor of Organic Chemistry. Forman 
Christian College, Lahore (r929-.^4), and reader in 
the Department of Chemical Technology, University 
of Bombay In 1938, he became the Mody 

Professor of Chemical Technology and Director of 
the Dci)artniont of Chemical Technology in which 
capacity he has .since then serving the University of 
of Bombay. He became F.T.C. in 1932 and A.M.I. 
Cheni. K. in 1939. 

N. N, CHATTERJEE 

President, Section of Gcofogi/ and Geography 

Mr N. N. Chatterjee, in his early days, was 
educated in the Dliubri Oovernment High School, 
As.sani, and subsefiuently in the St. Xavier’s College 

and in the Pre- 
sidency College, 
Calcutta. He ob- 
tained his M.Sc. 
degree in 1922 
from the Presi- 
d e 11 c y College, 
Calcutta having 
been placed first in 
the first class and 
was awarded the 
University ^fhdd 
Medal. He had 
training in coal 
mining for some 
l)eri(Kl and in 1926 
he joined the Po.st- 
Cradiiate Depart- 
ni e 1: t, Calcutta 
Univvisity as a 
Lecturer in Geo- 


logy and since then he has been working in that 
capacity. He has an intimate knowledge of the coal 
deposits of various places of India and has also 
gathered experience in several important economic 
mineral deposits of this country by frequent visits to 
those places. Mr Chatterjee has been doing research 
work on various topics of coal and petrology as 
a result of which a good number of original research 
papers has been published. 

Mr Chatterjee has also been working as one of 
the Joint Honorary Secretaries of the Geological, 
Mining and Metallurgical Society of India. 


G. P. MAJUMDAR 
President, Section of Botany 

Born in 1894 Professor Girija Prasanna Majumdar 
was educated in Calcutta. He joined the Pre.sidency 
College, Calcutta in 1914, and as a part-time lecturer 
of the University of 
Calcutta in 1922. 

He W'orked under 
Prof. Priestley o' 
the University o^ 

L e c d s, Hngland 
and has special i/cd 
in the study of the 
Developmental Ana- 
tomy of Plants. 

Dr Majumdar is v 
Griffith Prize hold- 
er of the Calcuttrt 
University and is 
the author of ” Bo- 
tany in Ancient 
India”. He has 
edited and trans- 
lated the ”Ui)avana 
Vinoda”, — an an- 
cient text of Arbori- 
liorliculture i n 
India, and has also published a book on “Some 
Aspects of Indian Civilization in Plant Perspective”. 
He is writing a volume on the “History of Botany 
in India” for the Chronica Botanica, Massachusetts, 
U. S. A. Many of his original contributions to pure 
botany have been published in British and Indian 
Journals. 

Dr Majumdar is a fellow of the National Insti- 
tute of Sciences of India and also of the Academy of 
vSciences in India He is the Secretary of the Indian 
Botanical vSociety and also its Treasurer. 
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A. AlYAPPAN 

President, Section of Anthropology and Archeeology 

Dr Aiyappan uas educated at the Presidency 
College, Madras and in the London School of Ucono- 

niics w here he 
studied under the 
late P r o f. B. 
Malinowski a n d 
P r o f. Raymond 
iMrlh. In H)2c) he 
was api)ointed Cu- 
rator for Anthro- 
polo^>y and Prehis- 
toric Archaeoloj»y 
in the Madras (Vov- 
ernmeiit Museum 
and was promoted 
to he the Superin- 
tendent <>f the in- 
stitution in ig/|o. 
He attended the 
International Con- 
gress of Anthro- 
pology in London 
in it)34 and was nominated as t)ne of the two national 
secretaries for India of the Coi)enha^en session of the 
Con^^ress. A 111011.1^ his publications are Social ami 
]*liysical Anilirolyolo^i^y of the Wiyadis of Malabar, 
fravas and Culture Chanj^e, The Manley Collection 
of Stone /tj^r Tools (Memoirs of the ArchaeoloyiicLil 
Survey of India), and several papers on the nicKali- 
thic monuments of S. India, h'or the last few years 
he has been eii^^ai^ed in held work on the tribes of 
the Wynad Plateau of vS. India. He helped also in 
brill, i’inj* to the notice of the pul)lic and scholars the 
importance of the ancient town site at Arikaniedu 
near Pondicherry where pottery of Mediterranean 
type has been di.scovered. As Chairman of the 
Madras University Board of Studies in Anthroj)oloi»y, 
he is helping in the or^^ani/ation of aiithropolo.eical 
studies and research under the aus]>iccs of the Madras 
University. He is also one of the very few Indians 
to have obtained the Diploma of the Museums As.so- 
ciation of London and to have undergone training 
in modern methods. 

S. W. HARDIKAR 

President, Section of Medical and 
V eterinary Sciences 

Born on November 24, 1^04, Dr Hardikar (piali- 
hed as Assistant Surgeon from the Medical School, 
Hyderabad-Deccaii in 1911. He began his career as 
a private practitioner and was for some tiuic in the 
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Government service as probationary assistaiit'surgeon. 
lie was awarded the (iovernnieiit Foreign Scludar- 
idiip for .study in Britain in igib and proceeded to 
IMinbiirgh. In 1920, 
he received the M.B. 
and Ch.B. degrees of 
the Kdinburgh Uni- 
versity and carried 
out Post-Graduate 
work in Pharmaco- 
logy under tlie late 
Professor A . R . 

Cushny, I'.R.vS., in 
the same University. 

In 1924, the Univer- 
sity conferred on him 
the degree of M.D. 

(I{din.) with a gold 
medal for his tliesis 
on “The action of Quinine on Protein Metabolism, 
Resi>iratory Kxchangcteand Heat Function.’* He w'as 
made M.R.C.P. (P'din.) in 1925. From 1922-1923, 
he was the Ihiiversity Assistant in the De])artment 
of Materia Medica and the Chrichton Research 
vScholar in Materia Medica and thus had tlie honour 
of being the first Indian to be (»n the leaching staff 
of tlie Kdinburgh l.’niversity. 

On his return to India, he became chemical 
examiner to the Ni/ain’s Government and Professor 
of Pathology, Osniania .Medical College, Hyderabad- 
Deccaii, in Ill 1Q20, he was Civil isurgeon, 

in Nalgonda and Hyderabad. He became the Pro- 
fe.ssor of Physiology of the Osniania Medical College 
in 1928 and Professor of Pharmacology and Honorary 
Physician of O.sinania Hospital in 1030. In 1943, 
he was officiating Principal of the College for a short 
time. In 1044, he became \'ice-Presidcnt of the 
Hyderabad Medical Council. 

Professor Hardikar has been a menilier of several 
learned societies in (o*eat Britain and in India, such 
as the Physiological Society of Great Britain (since 
1927), British Medical Association (19241, Hyderabad 
Medical Association and Hyderabad Branch of Indian 
Medical As.sociation (since establishment). He is one 
of the representatives elected by the Universities on 
the Governing Body of the Indian Research Fund 
Association. He has published several important 
papers in foreign :uul Indian medical journals. 

N. V. JOSHI 

President, Section of Agricultural Sciences 

Prof. N. V. Joshi came from the district of 
Ratnagiri in the Bombay Province. He was born 
in 1885 at Basiii, a village near Ratnagiri. His pri- 
mary education was completed in the t»rimarv school 
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in the smne villa^;e. For Secondary education he was 
sent to Bombay. After matriculating, in iQoo he 
joined the Klphiiistone College in Bombay and 

graduated in Arts 
with Fhysics and 
Chemistry as op- 
tionals in 1904. 
Next he joined 
the Agricuttural 
branch of the Col- 
lege of Science, 
Poona and was the 
first graduate in 
Arts to take this 
course. After tak- 
ing the full course 
in Agriculture he 
got the Agricul- 
tural degree in 
1907. After a few 
months he was em- 
ployed as a De- 
monstrator in Che- 




mistry at the Poona Agricultufal College, which was 
by that time established as a separate Institute, in- 
dependent of the College of Science. While engaged 
here .as a deinonslralor, he studied for the vSciencc 
degree with Clieinistiy and (leology as his subjects 
and got the B.vSe. degree of the Bombay Ibiivcrsity 
ill 1908. After this, be was awarded the Mangaldas 
Nathuiihai Scholarship by the University of Bombay ; 
but owing to some famih' mishap, he had to give up 
the scholarshii) and forgo the advantage of further 
education in western cejuntries. In igro, lie was 
taken up as first assistant to the Imperial Agricul- 
tural bacteriologist at the Piisa Agricultural Research 
Institute. The name and prospects of this post have 
changed twice but he continued to hold it as assistant 
agricuUiiral bacteriologist till the lime of bis retire- 
ment. 


While in service most of his lime was devoted to 
research work in the different branches of agricul- 
tural bacteriology, decomposition of organic 

manures in soils, green manuring, nitrogen conser- 
vation, etc. Preservation of fruits and vegetables 
also occupied his attention. His work on the root- 
nodule orgaiiisiiis**of the leguminous plants formed 
the subject of bis thesis for the M.Sc. degree of the 
Bombay University. 

He has contributed se\’eral papers at the succes- 
sive sessions of the Science Congress and was recorder 
of the Agricultural vSeetion of the Science Congress 
for two years. 

After retirci.iCiit from Ooveriimeiit se»'\ ice, he has 
been recognized as a University Teacher in Micro- 
biology and Biochcnii Ary by the University of Bom- 


bay, and at present working as an honorary professor 
at the Fergusson College guiding the post-graduate 
students in their research w’ork. 


B. MUKERJI 

President, Section of Physiology 

Born at Barrackpore, 24-Parganas, in 1903, 
Dr B. Mukerji received his education at the vShyam- 
bazar Vidyasagar School, the Scottish Churches 
College and the Medical College, Bengal. After a 
brilliant school and college career, he obtained his 
‘Bachelor of Medicine* degree in 1927 from the 
Calcutta University with honours in Pharmacology 
and in Midwifery and Oynaceology, standing first in 
order of merit from the Calcutta Medical College. 
After nearly a year t)f resident Housc-Surgeonship in 
the Kden Hospital, he joined the School of Tropical 
Medicine, Calcutta, as a research worker 011 Indian 
indigenous drugs under Colonel Sir Ram Nath 
Chopra. Here he distinguished himself early as a 
keen scientist and a capable lecHircr and in 1930 was 
selected for the post of the Assistant vSccrelary to the 
Drugs Eminiry Committee of tlic (iovernmcni: of 
India. Til this capacity, Dr IMiikerji toured exten- 
sively all over India and gained first-hand informa- 
tion about various ])roblems pertaining to drug indus- 
try and drug trade in India. In 1931, be rejoined 
his duties as a research worker in the School of Tro- 
pical Medicine and during the next two years carried 
out promising investigations and published several 
papers on the pharmacology and therapeutics of 
Indian santonin, ephedra, s(iuill, ipecacuanha, yellow 
oleander, narcoline, etc. On the merit of his work 
on the Phannacolog'’^ of ‘Indian Indigenous Drugs’ 
he was awarded in 
19.^3 the Rockefeller 
Foundation Fellowship 
and under its auspices, 
he studied modern 
methods of advanced 
pharmacological and 
biochemical research 
in various seats of 
learning in China, 

Japan, America, Cireat 
Britain, France, Bel- 
gium and Germany, 
spending the major 
part of his time in 
America (Michigan 
University) , London 
and Munich. 

After his return to India in i 037 » Ur Mukerji 
was appointed pharmacologist to the Bio-chenitcal 
Standardisation Laboratory (nucleus of the Central 
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Drugs Laboratory) of the Government of India, and 
has since been responsible, along with Sir Kani Nath 
Chopra, in the proper functioning, for the first lime 
in this country, of a drug standadrization and control 
laboratory, undertaking chemical, pharmaceutical, 
biochemical and biological assays under one roof. 
Since 1941, Dr Mukerji has taken over charge as the 
Director of the Laboratory at Calcutta and its branch 
at Kasauli (vSiiiila Hills). 

Dr Mukerji is the recijiient of several prizes, 
scholarships and medals from the ^ledical College 
and the Calcutta University and is a Member or 
I^dlow of many learned societies in India, (ireat 
Britain, Germany and America. He is associated 
witli the posl-graduate teaching of Applied Physio- 
logy and Pharmacodynamics of the Calcutta Univer- 
sity and lias served in many Governmental Com- 
mittees concerned with drugs and pharmacy. He was 
elected a Fellow of the National Institute of Sciences 
<jf India and the American Society for Pharmacology 
and I\xperimental Therai)cutics between 1941-194^ 

A. N. KHOSLA 

President, Section of Engineering and Metallurgy 

Born in December 1802 at Julluiulnr in the 
hinjab, Hai Bahadur A. X. Khosla had a distin- 
guished c a r e e r 
both at school and 
college, lie gra- 
duated from the 
Punjab University 
in 1912 and toi)]ied 
the list of suc- 
ces.sful candidates. 
He received his 
technical training 
at the Thomason 
Civil Kngineering 
College, Roorkee, 
from where he 
l)assed out in 1916 
with high distinc- 
tions both in sports 
and studies. 

He joined the 
Punjab Irrigation 
Department in Sep- 
tember, 1916, and 


;was employed on the Bhakra Dam Surveys. He 
served with the Mesoixjtamia I{xpeditioiiary Force 
during the last Great War in Mesopotamia and on 
return home was engaged for over 4 years on the 
construction of the vSuleinianke Headworks. He 
was then posted to the Marala Headworks where 
he initiated his stiulies on snb-soil water flow in 
relation to the stability of structures resting on per- 
meable foundations. These studies were continued 
by him at Punjab Headworks where he was ])re- 
vioiisly able to iiistal a large number of pressure 
observation pii)es. In this period he wrote several 
papers on the subject for the Punjab Kiigineeriiig 
Congress which won for him the Congress Medals 
for the years 10 and iq.Vj and the Kennedy 
Memorial Medal for the year 

vSubse(juentIy he was eniidoyed on the recon- 
struction of the Khanki Weir. On completion of 
this work (1930) he was able to write his opus 
magnum “The Design of Weirs on Permeable Foun- 
dations”, which introduced a new theory of stib- 
.soil flow under masonry structures and .which has 
now replace<l all old theories on the subject. This 
he did jointly with Drs Bose and Taylor. This was 
j)Ublished by the Central Ikjard of Irrigation and 
won for Mr Khosla an iiiternatiniial reputation as 
well as the Kennedy Memorial Medal for the second 
time. 

The l)iggest and the most important engineer- 
ing work so tar constructed by him is the Head- 
works of the Haveli canals at I'rifnmu which he 
completed in a i‘eriod of about two years- a record 
achievement for a work of this magnitude. The 
design of this work is whollv ])ased on the theory 
and principles enunciated in his "opus magnum*'. 

The Punjab (loveriimcnt dejnited him to the 
Unifed >States of America, Caiiaila and other coun- 
tries of the world to study the techni(iue of the 
design and construction of high dams in iq.:;i and 
again in 1939. 

In August, TO.],;, he was appointed Chief 
.Fngineer and is since then engaged in the prepara- 
tion of projects for the coii.sli uclion of three major 
dams for storage and h\'dro-electric development in 
the Punjab, two of which dams will be almost as 
high as the Boulder Dam — the highest daih in 
world. 




NAGPUR AND ITS SURROUNDINGS 


'pHR Tiidiai] Science Congress Association will 
hold its .^^nd Annual meeting at Nagpur, under 
the auspices of the Nagpur rniversity, in January, 
1945 and will be presided over by vSir Shaiiti Swamp 
Bhatiiagar, F.R.S. The congress jireviously held its 
sessions at Nagpur in 1020 and jiresided over 

by the late Sir P. C. Kay and Lt.-Col. K. H. Seymour 
Sewell , I . M . vS . , res] lecti vely . 

Nagpur, a district in ^the Central Provinces 
(.^,840 sq. miles) lying l)etween and 21^*43' 

N and 78^’ 17' and 7g®‘43' E is bounded on the north 
by Chliindwara and Seoni, on the cast by Bhandara 
and on the south aiul south-west by Chanda district 
and river W'ardlia. The sudder station, Nagimr has 
a municipal area of 4 sq. miles. 

Lk(*km>kry Pkkioo 

According to tradition, Nagjmr was included in 
the kingdom of Ajodhaya, when the divine Rama 
ruled ovei; it. The Ramayana recounts how Rama 
traversed the forest of Dandaka, extending from the 
Jamuna to tlie Codavari river on his way to the 
hermitage of vSutikshna at Ramtck. 

Tine Aiiiras (4-5 ckxtury A.D.) 

The oldest arcliitectural remains in the district 
are believed to be tile circles of stones which are 
found in a number of villages. 

'riiese uere constructed by an unknown race but 
are ascrilied by the pe^qile to the pastoral gaolis or 
Ahirs. rhagiiients of pottery, flint arrow heads, iron 
implements, evidently of great antiiiuity have been 
found beneath these stones, that are said to be the 
encampments or Inirial places of (laolis. According 
to llislop these are vestiges of a race of nomad 
sheiihcrds — a branch of the »^cythian tribes, ^ho 
overran India from the Central Asiaii steppes in ilie 
4th and 5th century A.D. The remains of the fort 
of Parseoni arc also ascribed to the (laolis and the 
calendar in common use in the Marattha districts is 
named after them. 

V^AKATAKA Dynasty (orn Crntukv A.D.) 
kittle is known of this Rajput dynasty, whose 
dominions included the Satpura and Berar. 

SiiAii, Kin(;s (Sth ckntttry A.D.) 

• iMoin an undated copper jdate and on paleo- 
graphic grounds which is referred to the Sth century, 
a line of kings who jiossessed the whole of Vindliya 
is traced. Their family name was Shail which means 
“a mountain”. 

Tirr; Rashtrakitta Dynasty (/50 A.D. 1000 A.D.) 
This dyiiasiy dates from 750 A.D. A copper 


plate found at Deoli in Wardha, dated 940 A.D. 
indicates the reign of the King Krishna III and even 
at this period Nagpur gave its name to a district, 
which included Wardha and South of Chliindwara. 
The .siqiremacy of tlie Rashtrakutas (Ratlior Rajputs), 
lasted for about two centuries and during their pre 
dominance the Kailasa temple at Tillora was built. 
This period was remarkable'- for the bitter rivalry of 
Hinduism and Jainism — Buddhism being a declining 
religion in the Deccan. 

PoNWAR KiNCiS (IITII Cknturv A.D.) 

By the end of the nth century, Nagpur country 
appears to have pas.sed out of the hands of the 
Rashtrakutas, into those of Ponwars of ^lalwa. Their 
territories extended to Berar and the (lodavari and 
even to the Carnatic. The existing Ponwar caste of 
Nagpur are a relic of this dynasty. 

r.OND pRiNCUvS — ^J aTIU (i 6TII Cl'NTTRV A.D.) 

Nothing is known definitely about the history 
of Nagpur from this time until the rise of the ('iond“' 
Kingdom tow’ards the end of the P)lh century. 
Deogarh, the headtpiarters of the old (haul dvnasty 
of Chliindwara and Nagpur is a fortress almut 24 
miles sonlh-west of Chliindwara and pieturesiiiiely 
situated on a crest of the hills. 

The senii-mythical floiid hero, Jatba, founder of 
this dynasty is said to have Iniilt the Deogarh fort. 
But according to local tradition, Deogarh was 
originally a Caoli Kingdom, and later comiuered by 
the (loud King, Jatba, being eighth in descent from 
the founder of the dynasty. It is said I\mi>eror Akbar 
came to Deogarh when Jatba ruled and the latter 
visited Delhi. The existing remains at IK'Ogarh aie 
in the Muhammadan style, and were no doubt con- 
structed by Baklit Biiland. 

'Bakht Bri.ANi) (1700 A.D.) 

Baklit Bulaiid was the 3rd or 4th in descent from 
Jatba. The inince entered the services of Emperor 
Auraiiga/.eb at Delhi. He gained the favour of the 
Emperor, who induced him to adojit IMuhamniadan 
faith, and was acknowdedged as Raja of Deogarh 
under the name Baklit Bulaiid. He appreciated the 
advantages of the civilization which lie witnessed at 
Delhi and determined to set about the developiiieiil 
of his own territories. To this end he employed, 

* Tlu* name “riondwann” hi Ooi)logy is derived from 
the *'Gonds” as lliese formations were first known from 
the Narhaddas and later disiovered in other parts of tlur 
Southern continent, viz. *‘('»on(Iwanuland". The name was 
first introduced by H. B. Aledlicott in 1872 and later revived 
hv O. Feistniantal (I87fi). 
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Hindus and Mussalnians of ability and aRricullure 
and industries made considerable advances. 

Much of the success of the later Marattha ad- 
ministration was owing to the ground work esta- 
blished by him. ^He extended his territories and 
established the modern city of Nagpur. 

b'AM, OP Dkogaru Dynasty (174:^ A.D ) 
llakht Hulaiurs successor Chand Sultan removed 
his capital to Nagi)ur, which he made a walled town. 
Continuance of the liberal policy of his jiredecc.^sor, 
led to increased wealth of the country. On Chand 
Sultan *s death in 1739, an illegitimate .son of Hukht 
Huland usurped the throne. Chand Sultan’s widow 
invoked the aid of Raghuji Rhonsla, who was govern- 
ing Iknar, on behalf of the Peshwa— in the inlcre.sts 
of her sons. Raghuji, on being called in l»y the 
contending Goiid factions, replaced the two sons of 
Chand Sultan 011 the throne from which they had 
been ousted by an itsurpcr and retired to Herar with 
a suitable reward for his assistance. 

This was the first direct connection of the 
Dlionsla family with Nagpur. Dissensions however 
broke out between the l)rot]iers in 1743. Raghuji 
jjgain intervened at the reiiuest of the elder brother 
and drove out his rival and he took all power into 
his own hands. Ihirhan vShah, the Gond raja, though 
allowed to retain the outward insignia of royalty ix.*- 
came practically a vState ]n*isoncr and all real power 
l>assed to the Maratthas. 

Tuic BiKiNSUAS- R .xghuji I (1743 -1755) 

]k)ld and decisive in action, Raghuji was %i)er- 
fect type of a Marattha leader and was the first and 
inosl distinguished of the Tlhonsla rulers of Nagpur, 
where he reigned iiouiinally as the leiircscntatives of 
the Gond [irince from 1743 to 1755. He saw in the 
troubles of other States an opening for his ambititm 
and did not even reiiuire a pretext for plunder and 
invasion. 'I'wice his armies invaded Heiigal and he 
obtained the cession of Cuttack Chanda, Chaltisgarh 
and Sanibalpur. He died in 1755. The countries 
under his dominion or paying him tribute extended 
east and west from Hay of Hcngal to the Ajanta hills 
and north and south from the Narbadda to the 
fhidavari. 

The reign of Raghuji I is iniiiortant in the 
history of Nagpur, because with him came an influx 
of different Marattha tribes, wdiich altered the face of 
tlie country, the administration as well as the language 
of the people. 

JANOJT (1755— 1 7" 2) 

Raghuji w'as succeeded by his son Janoji, to the 
sovereignty of Nagpur. He and his kingdom became 
relatively stronger than other Marattha provinces. 
He took part in the wars between the Peshw*a and 
Nizam and after he had in turn betrayed both of 
them, they united against him and sacked and burnt 


Nagpur in 1765. He died in 1772. During his reign 
the country of Nagpur, except on two occasions had 
perfect peace. 

Madhoji (1772— 1 77S) 

After Janoji *s death, his brothers fought for the 
succession until one .shot the other on the l)attlefield 
of Panchgaon, b miles south of Nagpur. Madhoji 
succeeded to the regency, on behalf of his infant son 
Raghuji II, wlio was Janoji’s adcjjjted heir. In 1785, 
Maiidla and tlie upj>er Narbadda \’alley were added 
to Nagpur by treaty with the Peshwas. ^ 

Madhf)ji the regent courted the favour of the 
Hrilish and he assisted the march of British troops 
through his province, when a force was being sent 
from Bengal against Haidar Ali. .The regent died in 
1788 leaving the Nagpur vState in a state of tranquility 
and jirosjierous conditions. 

Racuicji it (1778—1810) 

Raghuji II, now assunietl charge of the State 
and took uj) his residence at Xag])ur. He ceded 
several districts and lorts and the Nagpur kingdom 
was now at its greatest extent and included practi- 
cally the whole of the present Central Provinces and 
Perar, besides Orissa and some Cholanagpur vStates. 
Up to 1803, Marattha administration was on the whole 
successful . 

During this time, the connection of Nagimr with 
the British Government had been growing firmer and 
in 1798 a British resident was appointed to the court 
of Raghuji, who had to withdraw’ in 1803 from 
Nagpur as Raghuji united with Scindliia against the 
British Government. The two chiefs were however, 
decisively defeated at Assaye and Aragaon and by a 
treaty of Deogaon, Raghuji ceded to British Cuttack, 
Southern Ikrar and Sambalpur. Nearly one-third of 
the Kingdom of Raghuji was shorn off and the Raja 
had to receive permanently a British residcait at 
Nagpur and Monstiiarl h!lpliiii.stone, the eminent 
historian, was appointed to the post. 

A period of misrule inevailed from 1803-1818. 
Raghuji attemi»ted to make up the loss of revenue 
from the remainder of his territories and many new’ 
taxes were im|)Osed. The pay of the troops was in 
arreais anil they iiiaiiitaiiied themselves by idunder- 
ing cultivators. At the same time, commenced the 
raids of the Pindaris, who became so bold that in 
181 1, they advanced lo Nagimr and burnt the suburbs. 
It was at this time that most of the numerous village 
forts, were built,— remains of wdiich stud the whole 
district, — to which on the approach of these marau- 
ders the peasant retired, and fought for bare life, and 
all they pos.iC‘Ssed outside the walls, being lost to 
tliem. 

On the deatli of Raghuji II in iSib, his son 
Parsoji, an imbecile succeeded to the throne, but he 
was soon supplanted and murdered by the notorious 
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Madhoji or Appa Saheb, the son of the late Raja’s 
younger brother. ^ 

A treaty of defensive alliance providing for the 
maintenance of a subsidiary force by the British was 
signed this year, a resident having been appointed 
since 1798. 

Appa Sailkb (i8r6 -1818) 

In 1817, on the outbreak of war between the 
British and the Peshwa, Appa Saheb threw off his 
cloak of friendship and acceptotl an embassy and 
titl# from Peshwa. Ilis troops attacked the British 
and were defeated in the brilliant action at Sitabaldi 
and for a second time round Nagpur city. 

The hill Sitabaldi, (Fig. 1) consists of two emi- 
nences, joined by narrow neck of ground of lower 


quently to the Punjab. He died in Rajputana in 
i860. 

R.\ghuji III (1818—1853) 

On the final deposition of Appa Saheb, in 18 r8, 
a grand child of Raghuji II, was placed on the throne, 
lie was recognised as Raja Raghuji III, on the terms 
granted to Appa Saheb in 1816. During the Raja’s 
minority, the State was administered by Baka Bai, 
the widow of Raghuji II, under the British resident 
till 1830. The young raja was actually permitted to 
assume government from this year and all these years 
was a period of tramiuility. 

Raghuji III died in 1S531 without heirs, and 
Marejuis of Dalhousie, the then Governor General, 
applied his policy of the “Doctrine of Lapse” and 



Vio. 1. v^itabaldi Hill and Tort. 


elevation. The British troops occupied these positions 
and succeeded in resisting the onset of the Marattlias. 

The regent demanded unconditional surrender of 
tlie Raja and the disbandment of his troop. Ap])a 
Saheb feigned to surrendei' and when the British 
advanced to take possession of guns an action took 
jdacc, over the ground lying between the present 
jail building and Sakandara gardens. The ^Marattlias 
were totally routed. 

As a result of these battles, the remaining por- 
tion of Berar and the territories in Narbadda valley 
were ceiled to the British and an engagement was 
drawn up, re-instaiing Appa Saheb on the throne. 

Shortly afterwards, it was discovered, Appa 
Saheb was again intriguing and was deposed and for- 
warded to Allahabad in custody. On the way, he 
corrupted his guards and managed to escape in the 
dress of a Sepoy fir.st to Mahadeo hills and subse- 


declared that the State of Nagpur has lapsed to the 
paranK‘unt power. 

British Ruij? (1853—1861) 

During this period the dominion of the Bhonslas 
were administered by a Commissioner of the “Nagpur 
Province” and the even course of affairs was broken 
by events connected with the mutiny at Nagpur. 

During the mutiny a scheme for a rising was 
formed by a regiment of irregular cavalry in con- 
junction with the disaffected Muhammadans of the 
city but was frustrated by the prompt action of the 
civil authorities, supported by Madras troops from 
Kamptee. Some of the native officers and two of the 
leading Muhammadans of the city were hanged from 
the ramparts of the fort and the disturbances ended. 

The aged Bhonsla princess, Baka Bai, exerted all 
her influence on the side of the British and did her 


utmost by her example to keep the Marattha districts 
loyal. 

The formation of a new province viz,. Central 
Provinces took place in 1861 and this actually repre- 
sented the Phonsla kingdom at its greatest extent. 
P'rom 1901 till 1920 they were governed by a Chief 
Commissioner, and in the latter year became a 
Governor’s province. 

In 1903, Berar was transferred by a treaty l>y 
the Ni'/am of Hyderabad to the British Ooveniment, 
and granted a peri)ctual lease of the assigned districts 
of Berar, as he was often irregular in i)aying the 
money he owed to the Company for maintaining a 


The temple with the citadel at Ramtek is of great 
archaeological and historical importance. 

The temple at Parseoni belongs to the Jains and 
there are also a few traces of Buddhist buildings. 

Several villages contain the ruins of old forts. 
In the Nagpur museum there is a collection of sculp- 
tures obtained from several districts including in- 
scriptions engraved on stone slates and copi)er plates. 
Among tliem is the Sitabaldi Sanskrit inscription of 
the iith century, recording the fact that Nagpur was 
then held by Poll war rajas. 

S^mie Muhammadan tomb stones with Persian 
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British contingent in his Stale. Perar still remains 
a v^tate territory. 

Akchakoi/xiv 

The oldest remains in the district are the circles 
of rough stones found in a number of x illagcs, already 
referred to in the beginning of this article. 

The most important architectural monuments arc 
the temples (Fig. 2) of Ramtek, 24 miles north- 
east of Nagpur by road and lies round the 
foot of a detached hill. The name signifies 
“the hill of Rama“. On the hill, standing 
about 500 ft. abo\’c the town are a number 
of temples, the most important being the shrines of 
Rama and Lakshman on the crest of the hill and the 
latter contains an inscription of 14th century. The 
whole area within a radius of 10 miles of Ramtek is 
held to be holy and there are Aslit iirtha or eight 
sacred places which are all visited by most pilgrims. 


oil Ramtek Hill. 

inscriptions removed from Sitabaldi fort arc also found 
in the museum. 

Near the flag staff on the ground of Government 
House lie the bronze guns with Persian inscription, 
which have been brought from Asirgarh. The in- 
scription indicates that the gun was made in 1063- 
A. I), in the reign of Muhammad Husain Arab. 

Gp:oi/x;y 

The primary formation of the rock is sandstone, 
associated with shale and limestone. The sandstone 
now covered by a trap and broken up by granite, 
i his juxtaposition of traj^, sandstone and granite 
rocks invests the Geology of Nagpur with special 
intereilt. It is also of interest as it is pne of the 
great manganese producing centres of the world. 
There are also well developed coal, bauxite, fuller’s 
earth, iron ore, laterite and ochre. 
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KoRESTvS and Veoktatidn 
Forests arc mainly situated in a large block on the 
Satpura hills, while isolated ])atches arc dottcil near 
the hills. Tile forest growth varies with the nature 
of the soil — Tcrntinalia tomentosa, Buchanania lali- 
folia, Diospyros tomentosa being characteristic on the 
heavy soils and Tcriotia y:rauciis on good well-drained 
slopes and Bosivcllia sir nil a on the steep hill sides 
and ridges. The forests yield a substantial revenue, 
by the sale of timber, firewood and from gn^ing. 
One-fifth of C. P., excluding the feudatory States is 
Government reserved forest. 

being one of the hottest places in India, Nagi»ur 
does not exhibit a luxuriant vegetation. The i>reseiice 
of large water reservoirs around the city, a rainfall 
of about 50 inches during monsoon and characteristic 
geological formation met with in the area, render the 
jdace interesting from the sland]>oint of a botanist. 


crops of India — wheat, rice and cotton. Black cotton 
soil cover Berar and parts of C. P. and this soil is 
best suited to grow deep rooted crops notably Indian 
strains of cotton which is the staple crop of this area. 
The remaining districts contain both wheat producing 
plants and extensive hills and forests. Industrially, 
Nagpur is a flourishing textile centre. 

People and their Languages 

The province is linguistically distributed between 
a Marhatti siicakiiig and a Hindi speaking poimla- 
lioii. In the whole of Berar and the districts of 
Nagpur division, the prevailing longue is Marhatti, 
in the reniaiiiiiig districts it is Hindi. There are a 
number of hill tribes, of which the principle are the 
Gonds, many of whom still retain their own language 
and their own animistic religion. In the whole pro- 
vince, Hindi speakers are 56 per cent., Marhatti 
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The typical formations (plant communities) met 
with in this locality arc as follows ; (a) Black clay soil 
vegetation, (6) Trap soil vegetation, (r) Hedge vege- 
tation, (d) Waste land vegetation, (c) Aquatic vege- 
tation, if] Marsli vegetation, (g) Dried mud or pit 
vegetation . 

The area belongs to the Deccan region of Hooker 
and the dominant elements in its distribution arc the 
Malayan and Auslnilian (?). There are about 76 
endemics and tlie number of introduced plants is 
about 34* 

AGKICUI/rURE AND INDUSTRY 

Agriculturally, the province is of special interest 
in that it is the meeting place of three great statfle 


Teeliiik’al Instil nU- 

speakers 31 per cent and Gond speakers 7 i)er cent ol 
the population. 

Fducational CicntrEs 

The I'niversity of Nagpur was inaugurated in 
ig.13 and the College of Science was opened in 1920. 
Tliere are facilities for study of applied science as a 
result of the very generous betiucst made to the 
University by the late Rao Bahadur D. Laxniinarayaii. 

Besides the University has affiliated to it the old 
colleges, Hislop College and ]Morris Colle'ge. There is 
also an Agricultural College, a Medical School and a 
Technical Institute. (Fig. 3). 
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SCIENTIFIC EDUCATION AND RESEARCH IN RELATION 

TO NATIONAL WELFARE— I 


O IvCIJNTLY a great deal of attention has been 
^ directed to the urgency of large scale expansion 
of agriculture and industry in this country as a 
means of improving the standard of well being of 
llic iieoplc. Such expansion will involve, besides 
ciucstioh of finance, importation of plants and 
machinery, also that of obtaining a sufficient supply 
of trained personnel to man the industries. It is also 
recognized that under present conditions of inter- 
national competition no industry can maintain hself 
without the aid of applied research. It is, therefore, 
necessary to establish laboratories where such pro- 
]»leins may be investigated and also to train up re- 
search workers of rctpilred nualilications. 'I'o meet 
the immediate demands for trained personnel it is 
proposed to send a large number of graduates from 
lliis country to Great britaiii ipid the U. S. A. At 
llie same time schemes are being formulated for 
siren glhening the teaching and research departments 
of the Indian universities and also to open up new 
institutions for applied research. 

This training will re(iuirc provisions for (i) higher 
standard of teaching in pure and applied sciences 
than is available in this country at present, (n) oppor- 
tunity for research to a large body of able graduates, 
which will (jualify them to hold the posts which will 
I>c av.^ilahlc when the propo.scd schemes for the esta- 
blishment of a large number of research institutions 
in tliis country materializes. At present attention is 
concentrated chiefly towards the expansion of indus- 
trial research in this country. An Industrial Re- 
search Planning Committee have been considering this 
(luestion during the last few months. The Com- 
mittee have already submitted an interim report in 
which they recommend that certain facilities should 
be given in the shape of remission of fiscal burdens 


on firms i>roi)o.siiig la engage in industrial research. 
The Committee is now touring* the difTerent parts 
of the country with a view to ac(iuaiiiting themselves 
with the facilities available for such training and re- 
search and ‘how far they can be utilized and expand- 
ed to meet the increased demand wliicli will ari.se 
when the scheme recommended by the Committee ls 
))Ut into operation. We understand that the Com- 
mittee’s recommendation will include a large initial 
grant for equipment of university laboratories and 
rcseaicli iiistiliites whose services will be utilized for 
the furtherance of applied researches, and a recurring 
annual grant for the maintenance of a large number 
of reseaercli scholarships and junior and senior 
fellowships. 

It is not known to ns whether the Committee 
I)roposc to earmark a portion, of the grant for the 
purpose of improving the facilities for research in 
fundamental subjects, which it is supposed to be the 
function of universities to undertake. It must also 
he realized that industrial research is one of the 
means to he employed for bringing about a planned 
economic development of this country, whose aim 
is the improvement of the general well being of the 
people. All schemes of planned economy envisage 
a considerable increase not only in the output of in- 
dustries but also of agriculture. The latter involve 
investigations on problems of fertilizers, .soil erosion, 
f restry, plant ecology, jdant diseases, animal hus- 
bandry etc. ^loreover, the material well being of the 
people depends also upon satisfactory solution of pro- 
blems of sanitation and the provision of adcciuate 
medical facilities. Further it is getting clear from a 
study of recent world happenings that, however 
great may be the advances in the industries by the 
application of physical methods, sustained social and 
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economic research is necessary to secure more effec- 
tive use of the results. This will require a more 
equable distribution of our research efforts between 
the social, the biological and the jdiysical sciences 
than is contemplated by our present engrossment in 
schemes of advancement by means of industrial re- 
search. 

Thus we see that all schemes of national plan- 
ning will involve, besides question of legislation, 
tariff, finance, priorities in the developna^nt of basic 
and consumption goods industries, the problem of 
obtaining an adetiuate supply of trained personnel 
and research workers required in all branches of 
science and for industry, for Government institu- 
tions and dei)artments. It will also be necessary to 
inovide for the supply of leaders in all walks of 
.societv' competent to apply scientific knowledge to 
the service of industry or of the country as a whole. 
Lastly, it will be ncce.ssary to provide for some 
scheme of adult education through which alone can 
we hope for a society iii which policies and plans 
based upon .scientifically ascertained facts can be 
a.ssured of reasoned and general support. In ad- 
vanced industrialized countries of the West, as in 
luiglnnd, it is generally accepted that *‘we live in a 
world in which science lies at the very root of the 
community, and a mastery of scientific thinking 
grows more and more indispensable for the success- 
ful practice of the arts of life. The culture of tho 
modern age, if it is to have any meaning, must be 
deeply imbued with scientific ways of thought**. 

In this country with its diversities of religions 
and i)hilosoi»hical tradititms and outlooks wc arc 
entering into a period of transition from a mediaeval 
state of society to one based upon mechanized in- 
dustrial development. Many of us are at present pre- 
pared to accept science as an aid to industrial deve- 
lojiineiil, but whether we desire it or not, the im- 
pact of the industrial civilizations from the West is 
acting as a solvent of many of our cherished religious 
beliefs and social customs. It is for our philosophers 
and sociologists to study these i)roblems and to 
suggest how it will be possible to incori)orate in the 
essentials of oiir religious and ethical traditions and 
in our social organization, the implications of the 
recent views of life in this universe, arising out of 
the development of science. It will be generally 
accepted, however, that the education given in our 
schools and colleges must be such that every pupil 
receives an ade(iuate knowledge of the principle.s and 
methods of science. 

Returning to the immediate subject matter of 
discussion we shall in this review be concerned prin- 
cipally with (/I the place of universities in modern 
society, (z7) their function as source of supply of re- 
search workers and administrators in industry and 
elsewhere, (iii) this brings up the question of im- 


proving the status and conditions of employment of 
scientists and research Avorkers employed in univer- 
sities, Government laboratories and departments, and 
in industries. Considerations will be given to the 
suggestion of introducing uniformity’ in conditions 
of pay, leave and superannuation in all these services, 
which will enable an interchange of personnel between 
the different services ; it is expected that this inter- 
change will act as a stimulant to freshness of out- 
look and to new ideas, (iv) further it has to be con- 
sidered how the research work undertaken in the 
different kinds of organizations may be coordinated so 
that redundancy may be avoided and also serious 
gaps in the entire research front may be discovered 
and rectified. 

As an ititroduclion to the study of the conditions 
existing in this country and of proposals for im- 
proving them, it would be worth while our obtain- 
ing some idea of how similar problems on scientific 
education and research in relation to national wel- 
fare are being considered in Great llritain. Dis- 
ciLssioiis on similar lines are i>rocceding in other 
countries, but in view of tho fact that the majority 
of educational and research organizations in this 
country are based uix)n British practice, avc shall only 
consider the British i)roi)osals here. Many of these 
proposals have been made available to us in the form 
of a booklet published by the Government of India 
and to which a preface has been written by Prof. A. 
V. Hill. In luldition, we have a series of six leading 
artife'lcs published in Nature (August 26 to Septem- 
ber, 30, 1944) entitled ‘Scientific and Industrial 
Research.* The whole subject has been considered 
from a comprehensive standpoint. It ai>pcars to us 
that much of the ctHicisms and suggestions contained 
in the articles arc j)crtinent to Indian conditions. 

In these articles, a distinction has been drawn 
between the strategy and tlie tactics of rc.search, i.c., 
between the long term and short term aspects of the 
problem. The former deals with the broad lines of 
the research problems and the qualities they will 
demand in the personnel responsible for their execu- 
tion. The articles have in view a society which is 
not organized on a totalitarian basis, in which botli 
freedom of enquiry and of expression of such enquiry 
are safeguarded. Uven in such a society the maximum 
of social good obtainable from the activities of a 
group of scientific workers will depend upon a 
measure of organized planning. The question of the 
degree of control of research, wdiich it may be allow- 
able to the Slate or to the industry, depends upon 
our views on the relation between fundamental and 
applied research ; it is usually in the latter type of 
research that the Stale and the industry are mostly 
interested. Here the following lines quoted from a 
letter wTitten by Lord McGow^an announcing on 
behalf of the Imperial Chemical Industries a scheme 
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for the provision of eighty fellowships in science at 
nine British universities will be found relevant. 

* ‘Nearly three generations of experience of the ad- 
ministration of research have convincetl us that 
academic and industrial research are interdependent 
and coinplenientary and that it is useless to expect 
substantial advances in industry without corresiiond- 
ing advances in academic science**. Thus if condi- 
tions under which fundamental research or investi- 
gation concerned purely with the advanceineni of 
scientific knowledge are found to be best promoted 
can once be established, we shall have advanced far 
ill deterniining those under which aiiplied research 
will also flourish. W'e are concerned with discover- 
ing the factors which stimulate research as well as 
those conditions which are restrictive or repressive, 
'file community must seek first to find and train the 
men who have the ability and impulse for scientific 
ciKiniry and then it must create tlie most favourable 
I'onditions for their w’ork and give them tools thev 
need. A neces.sary link between the two aims is to 
secure comi)etent direction of research. Creation of 
senior research fcllowsln])S in science may help to 
Ining nj) men of the reciuisite outlook and calibre for 
llie direction of research. It is also necessary to have 
in addition efliciciitly tiaiiicd laboratory technicians 
in order to fully utilise the .services of the qualified 
research workers. Attention is drawn to the restric- 
tive effect which often terms of endowiiieiils have in 
depriving the investigator of his priniary riijht of 
choosing a subject to be studied. Too rigid compart- 
memtali.sm in science often acts as an impediment to 
effective team work between workers in one or more 
sciences. Further it is imperative that provision must 


also be made on the basis of relevance to social needs 
for the organized study of particular and urgent pro- 
blems, both in the development of natural resources, 
as of fuel and power supply, and agriculture, and 
tlicir effective utilization in the service of the com- 
miinity, and of nutrition and health. vSuch organized 
study must make provision not only for many lines 
of industrial research but for systematic fundainenUil 
research, ]ilaiiiied so as to assist the advancement of 
st'ieiice on an even front by filling up gaps left by 
individual initiative and with special regard to the 
border lines of science which are so often overlooked. 
Such organized study of sciences will inevitably lead 
to the study of a whole range of allied social sciences. 
W'ilhout aderpiate attention to social biology and of 
biological facUns in human relations, to p()[nilalioTi 
changes and vital statistics, to psychology and allied 
subjects, we shall be without the basic knowledge 
retjuired for the evolution of a belter social order 
and the eslablishmcnt of better Innnan relations. 

The attempt to formulate atid apidy an adequate 
strategy of research can only be possible uiicn it 
receives the necessary support of the coiiiinunily. 
*riie problem involved is both the education of the 
adult community to the value and significance of 
scientific research, as well as the general education 
of the community and that not merely at the univer- 
sity level. But uc arc in the first instance concerned 
with the place of universities as the source of supply, 
both direct and indirect of the tyi)e of personnel re- 
(piired. We have thus further to consider the ques- 
tion of their j>lace in, or relation to the organization 
of research. These questions we shall deal with in 
the next issue. 


THE MAGNETIC CURRENT 

S. D. CIIATTivRJRK. 

IJOSF, KKSKAkCH INSTlTun:, CAI.CrTT.V. 


THE theory of magnetic current^ lias recently 

been sponsored by Prof. Felix l\hrenhaft, former 
Director of the Physical Institute at the Tliiiversity of 
Vienna, who now carries on his research in New 
York. It challenges the liinc-honoiired concept of 
Magnetism as a static force, which is always associat- 
ed with a magnetic dipole — unlike electric current in 
which electrons flow along a coiipcr wire. The theory 
that magnetic current can be generated by a so-called 
permanent mkgnct, if proved correct, Avould mean 
the CvStablishment of an entirely new source of power. 
It “promises practical applications as far-reaching as 
have stemmed from Faraday's fundamental research' 
on Electricity. 

The hypothesis of electric current was founded 


chiefly upon three fads : the existence of electric ions, 
the dccomposiffcn of water (electrolysis), and the 
circulation of the single magnetic pole around the 
constant electric current. Ehrcnhaft finds an exact 
analogy in the realm of Magnetism. His experiments 
appear to ])rovc the existence of magnetic ions, the 
decomposition of water through magnet (magneto- 
lysis), and a circulation of a single electrostatic charge 
around the constant magnetic current. In fact, by 
introducing the terms for the magnetic current to the 
equations of Electrodynamics, he makes these equa- 
tions entirely symmetrical concerning H and It. 

The three experiments upon which the new ideas 
arc based may briefly be described as follow s : 
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“Megnetic Ions’* Experiment 

In 1269, using a loadstone, Peter Peregrinus 
first demonstrated that a magnet had two equal and 
opposite poles. Since then, nobody has been able to 
detect any excess of north or south magnetisiii. 
Substituting microscopic particles of iron or other 
magnetic materials in a homogeneous magnetic field, 
Bhrenhaft finds them move in the direction of the 
lines of force, the direction of motion revers- 
ing with the reversal of the field. In collabora- 
tion with I/. Banct, he also observes similar move- 
ments of colloidal particles of nickel in a liquid 
medium. These ^experiments lead him to conclude 
that there must be an excess of north or south mag- 
netic charge on the particles. L^xpanding the ter- 
minology of Faraday, he calls the particles magnetic 
ions, 

* ‘iMAGNEWIvYSTS * ’ EXPERIMENT 

I'or this experiment. Dr Ehrciihaft uses the 
simplest apparatus. Two rods of pure Swedish iron 
arc sealed in holes through opposite sides of a 
shaped tube containing acidulated water (i — 4 per 
cent H2SO4). Instead of connecting the rods to the 
customary poles of an electric battery, he connects 
them to the poles of a permanent magnet. Bubbles 
of gases rising through both the columns arc collected 
and analyzed. When the poles are not connected to 
the permanent magnet, only hydrogen is liberated 
according to the usual chemical interaction between 
the iron rod and the dilute sulphuric acid. Wlicn, 
however, the magnet is inserted in place, oxygen 
(2 — 12 per cent) is also liberated in both the columns, 
more oxygen being liberated at the North Pole. 
After rigorous precautions, including short-circuiting 
the magnet poles with a wire, so that the poles are 
kept at the same electric potential, Ehreuhaft con- 
cludes that the oxygen can only come from a decom- 
position of water by the magnet. 

There is an interesting side-light to this experi- 
ment. Ehrcnhaft observes a marked loss of strength 
(about 10 per cent in 24 hours) of th€ alnico magnet 
and attributes the same to the loss of magnetic ions 
that had flowed from the poles into the solution. The 
loss of pole strength per second gives the average in- 
tensity of the magnetic current flowing between the 
pole-faces in absolute magneto-static units, 

“El.ECl'RlC FIELD AROUND THE MAGNETIC 

CURRENT” Experiment 

For this experiment, a small glass cell is used, 
fitted as before with pole-pieces of pure iron, that 
dip into acidulated water (i per cent H2SO4), and con- 
nected by an iron wire. An electromagnet energizes 


the poles. From a projector, a powerful beam of light 
converges upon the narrow gap between the pole- 
pieces, and a low-power microscope mounted hori- 
zontally reveals the new phenomenon. As soon as the 
magnetic field is on, there is observed an electric 
vortex, or whirl of electric ions around the wire. 
Positively and negatively charged ions spin in 
opposite directions depending upon the strength of 
the magnetic field. Ehreuhaft suggests that the 
electric action of magnetic current represents the 
third force in Nature besides the force of gravity and 
the well-known force of magnetic action of electric 
current. 

Unfortunately, the life of the magnetic current 
hypothesis has been very brief. The staggering im- 
plications of Dr Ehrenhaft’s observations have led 
several renowned scientific firms to duplicate these 
experiments under rigidly-controlled conditions. 
Hitherto, the results have been uniformly negative. 

Hopper® has attempted to verify the existence of 
magnetic ions, using a horizontal magnetic field, in- 
stead of vertical one as used by lUircnhaft. Fine 
particles of nickel are drawn by an air current 
between the poles of the magnet and then allowed to 
settle under the combined action of vertical gravita- 
tional and horizontal magnetic fields, their path being 
observed by means of a microscope. In the centre of 
the magnetic field, all the particles fall vertically 
downwards, thus di.sobeying the “magnetic ion” 
hypotfiesis. 

Goldman® of the Westinghouse Research Labora- 
tory has repeated the magnetolysis experiment care- 
fully. When the pole-pieces arc covered with paraffin 
and boiled acidulated water is used, no gas bubbles 
arc evolved. When the paraffin coating is removed, 
there is liberation of only hydrogen gas. In neither 
case there is a loss of pole-strength of the magnet, 
allhough they are exposed to “magnctolytic action*' 
for about 60 hours. 

Hoff, Naughton, Smoluchowski and Uhlig^ of 
the General Electric Co. Research Laboratory have 
examined the gases evolved by the action of dilute 
sulphuric acid (prepared from boiled distilled water 
and cooled in a nitrogen atmosphere) and magnetized 
iron. They have failed to detect any oxygen within 
0*2 per cent per volume of the total gas evolved. 

Ehrenhaft’s reply to the above refutations of his 
theory has not yet reached us. In any case, it must 
be admitted that his theory is remarkable for its 
striking originality and boldness of conception. Lei 
us hope that it will at least serve to stir the imagina- 
tion of the scientific world for exploring new path- 
ways into the my.«:teries of magnetism which has un- 
deniably received scant attention compared to its sister 
science of electricity. 
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Ehrenhaft was responsible in the past for stirrinp: 
up two similar controversies vvhich, without sub- 
stantiating the deviations from the accepted views 
claimed to have been observed by him, have produced 
a large number of new and critical experiments which 
placed the accepted views on surer exi)eriiiieiital 
foundations. These were : (t) the discovery of sub- 
electrons, and («) observation of negative radiation 


pressure effect produced on certain kinds of micro- 
scopic particles. 
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THE ORIGIN OF THE SOLAR SYSTEM 

^ A. C. UANIJRJI, 

DKMkTMKNI OF MA.IIKMATtCS, ALLAtlAlUl) IMVKRSHA 


ON. May 24, 1943, the world of science celebrated 

the fourth centenary of the passing away of 
Nicholas Copernicus, the Polish savant, who effected 
a revolution in man’s ideas and proce.sscs of thinking, 
a revolution, the full effect of w’liich has not 5’et been 
realized in any country except Soviet Russia. What 
was this revolution? 

From time immemorial man had believed that 
the Jtarth was the centre of the world, the seat of the 
Creator, and he was the special object of favour of 
(lod and was born in his own image ; that the Sun 
and the Moon were created to give him light, and 
tlie planets to the tune of the mysterious number 
seven, including the Sun and the Moon, by their 
mysterious motions, indicated the decree of the 
Creator regarding the fates of individuals, nations 
and countries. These ideas wxn'c further worked out 
into a system by the astronomer Ptolemy who 
flourished in Alexandria about 140 A.i>. 

In the Ptolemaic >Systein the earth w'as regarded 
as stationary, and the Sun and the planets moved 
round the Earth. It was firmly believed that the Sun 
really rose each morning in the cast, climbed over- 
head, and then set in the wxst.* On the other hand, 
Copernicus showed that the phenomena of planetary 
motion are explained far more easily if \vq regard the 
Sun as stationary and make the earth and the planets 
move round it in orbits, which he believed to be 
circular. Mercury and Venus revolved in orbits in- 
side the earth’s orbit, and the rest outside it. The 
mysterious retrograde motions of planct.s, wdiich were 
the basis of astrological .superstitions, then come out 
merely as the effect of relative positions and relative 


* This idea which Ptolemy inherited from antiquity, 
was questioned earlier by Aristarchus of Sanio.-?, who 
thought that the phenomenon of rising and setting could 
be much better explained by making the earth move like 
a lop round its axis. Rut lliis hypothesis was not accepted 
by Ptolemy. Six hundred years later Arvabh-Ua in India 
also gave the .same explanation independently ; but his 
followers, Brahmagupta and others ridiculed the idea. 


motions of the planets with respect to the moving 
earth. 

Copernicus was the first to suggest that the Earth 
moved round the Sim completely in one year and 
rotated round its axis once a day. The daily rotation 
of the Earth explains quite simply the phenomena of 
rising and selling of the Sun. 

Copernicus left the work unfinished, and it was 
left to Galileo, Kepler and Newton to complete it. 
Kepler showed from observational data that the 
planets move in elliptical orbits with the Sun at the 
focus, and NewTon explained it malhenialically wdth 
the help of his famous liww of gravitation. The retro- 
grade motions of planets could he explained as merely 
an effect of per-spective due to changing positions of 
two moving bodies, and liencc the bottom was taken 
out of the pretentious claims of astrologers. 

Laplack’vS TmeoRY 

The above explanation of planetary motions by 
Newdon brought to the forefront another set of 
questions. What is the origin of the vSolar vSystem? 
Does life exist in any other planets except the Earth ? 

An answer to the (piestion of the origiu of the 
Solar vSystem was first attempted by Immanuel Kent, 
philosoidier of Kdiiigsberg Sii Germany, and Marquis 
dc Laplace, mathematician of the French Revolution. 
They thought that the solar universe started as a huge 
nebular mass, which contracting on account of gravi- 
tational attractions of its parts, developed rotation and 
began to thrown out IragmeTits in the form of rings. 
The fragments condensed as planets and satellites and 
the central mass condensed as the Sun. 

Laplace’s theory w^as able to explain many of the 
regular features of the Solar System, viz, : 

(a) Tlie planets are revolving in their orbits in the 
same direction and almost in the same plane. 

(b) 'i'hc satellites are revolving round the planets 
ill the same sense as the planets moving round 
the Sun. 
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{c) Tlic rotations of the planets and their satellites 
about their respective axes are in the same 
direction as their revolutions in their orbits. 
The Sun is also rotating iu the same sense. 
(d) The eccentricities of tliese elliptic orbits arc 
small, /.(•., the orbits are very nearly circular 
in shape. 

One of the chief objections to Laplace’s Theory 
was that if the fra.mnents of tlic rotating’ nebula were 
given out in extended tenuous rings, the rings could 
not be condensed into single planets, but into many 
bodies like the asteroids or the rings of Saturn, which 
would be stable as proved niathcinatically by Maxwell 
in 1850. 

The most fatal dinficulty, however, which the 
theory had to meet is the distrilmtioii of the atigular 
niomentuni between the planets and the Sun. The 
angular or rotational inomentum may l)e roughly 
described as the “quantity of rotation” in any dyna- 
mical .system, as Newton spoke of ordinary momentum 
as the “(luantity of motion”. Its importance lies in 
the fact that the whole momentum should be 
consvr'i'cd. Xo ijiternal forces in a system can alter 
its total amount, though they may transfer it from 
one part of the s\^stetn to another. 

It is found that almost all the angular momentum 
of the Solar System of the total — is obtained 

from the orbital motion of the four major planets. 
The four minor i)lanets ijrovide less than 0*1% of the 
whole, and the rest is contributed by tlie Sun’s rota- 
tif)n. It cannot be ex|)lained by Laplace’s llieorv how 
()S % of the total angular momentum can be seggre- 
galed into less than I's % of the total mass. It can 
also be mathematically proved that if the outer parts 
of the primitive nebula had got so much of angular 
momentum, they could not have condensed at all. So 
it is natural to imagine that the angular momentum 
of the fdanets must have been obtained from outside. 
Ill the language of Speticer-Joiies (1940) we may, 
therefore say that the origin of the Solar vSystem 
“must be sought in the swift catastrophic action of 
forces from outside”. 

’fiiR Hyi’otiiesis or Dynamic I?ncountkr 

The catastrophic action was supposed to have 
been brought about by a very close passage of another 
star to the Sun. This assumiition has been made in 
the rianeicsimal Theory of Chamberlain (1901) and 
Moulton (1Q05), and in the Tidal Theory of Jeans 
(1919) and Jeffreys (1929). Iu both tliese theories, 
the vSun was once an isolated star without any jdanct. 
At a remote cj)och, another isolated .'•tar moving 
through space liaiipeiied to come very near the Sun. 
Tlie.se two stai » swung about one another and sepa- 
rated again. They came so near together that tide 
raising forces becaire ^rreat, and huge iiuantities of 
matter Verc ejected fn 111 the Sun. 


According to the Planetcsimal Theory, most of 
the ejected matter i\as in the form of small solid 
particles revolving round the Sun and the present 
planets have grown by gradual accretion of the.se 
small bodies. Lhamberlain believed that the planets, 
except perhaps the largest, were solid throughout, 
practically from the beginiiing. In Jeffreys’ opinion, 
the ejected material must originally have been gaseous 
and very hot. If ejection was continuous, the ejected 
matter would form a filament and lie within a long 
narrow range. Its shape will resemble that of a 
boomerang which is a hard wooden missile used by 
the primitive races of Australia. Due to radiation 
the filament began to cool ; condensation ^'ould be- 
gin when the length of the strip alrexidy ejected 
reached a certain value. The ejected portion would* 
then get detached from tht? main body, and it would 
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Fjo. I. Diagram of tlie dianges in tlu* form of the 
sc»lar envelope and the palli.s of ])ortioiis of the ejected 
mailer during the passage of tlie star. (‘The Eartl;' 

—11. Jeffreys). 

then begin its indej)endent existence as a idanet. If 
ejection continued, a second planet would be formed, 
aiul others would successively be born until ejection 
ceased. As the disturbing stars recalcd, the early 
planets would retain their identity whereas those 
which were formed last would fall back into the Sun. 

Russell has pointed out a great difficulty vN’hicli 
arises in the Tidal Theory when we consider the 
distribution of angular momentum per unit mass of 
the passing star, the Sun, and the planets. In order 
to produce tidal eruptions, the star must have almost 
grazed the Sun. If it was of the Sun’s size and nia.ss, 
its neare.st distance from the Sun could not have been 
much more than a million miles. Based on these 
figures if we take the angular momentum per unit 
mass of the earth to be unity, that of the star is found 
to be 0*25, and the average angular momentum per 
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unit mass for the planetary system is found to be 2*63. 
This is more than ten times as Rreat as that for the 
star. So it is inconceivable how so niucli ang^tilar 
momentum can be put into the ejected material by 
the passing star. This is indeed a fatal objection to 
the Tidal Theory. 

. Thk "‘Hnitcement*’ Theory 

On RusscFs suggestion I^yttlcton (rg^^S) advanced 
the “Enticement** Theory of the Solar vSystem. The 
Sun was pictured primarily as a binary star, and its 
companion had a tidal or “side sweeping’* encouiitcT 
u'ith a third star, and ulliniately escaped from (he 
vSiin. The visiting star had a large mass (much 
greater than the Siin) and velocity so as to jirovide 
enough energy for the shearing of the jdaiietary 
material. The Sun was supjwjsed to have been just 
so far off as to avoid cajdiire by the visiting star, but 
nevertheless near enough to cai)tiire chunks of the 
planetary ribbon formed between tlie vSiin’s com- 
panion and the visiting star. 

The validity of this assumption has been (pics- 
tioned by bu.vteii (1939) who showed that if the vSuii 
conics near cnougli to caiiture chunks of this plane- 
tary material, it will itself be caiiturod by the more 
massive visiting star. 

Hhatnagar (icgp)) lias shown that even under 
most favourable conditions there would be a catas- 
troidiic collision lietween the tliive bodies, if they 
come near enough for a planetary riliboii to be 
formed. 

From aslrophysical considerations, Spitzer {1939) 
lias drawn the conelusioii that the planetary ribbon, 
if formed, would (lissi])atc into sjiace in an hour at 
the most at stellar temperature, bytttletoii (1941) 
has, however, pointed out that Spilzer has iieglocled 
an imiiortant factor, viz., tlie gravitational field of 
the stars concerned. By taking the atlraclion of 
the stars into account, it can be shown that the tem- 
perature required to give escape velocities to the par- 
ticles ill the filament would be greatly in excess of 
the usual stellar temperatures. 

OTHER Theories 

It has also been suggested that our vSolar Sy.stem 
originated from a heterogeneous nebula of irregular 
shape. In this case we can suitably select our initial 
motion and configuration to get our final arrniige- 
meiits of the planets and the satellites in the solar 
system. The possibilities of .^uch a hypothesis are 
rather too many and it would be beggiiig the (|uestioii 
if we make any a.ssiiinptionvS, without giving rea.sons 
for them, as any assigned final arrangement can be 
obtained by making suitable p.romises about initial 
motions and configurations. 


:il9 

Nolkc (Russell, 1935a) sugge.sted in 1930 tliat the 
Sun and the planets were formed almost at the same 
time from a wisp of a filamentary nebula wliicli had 
one large condensation and a large number of smaller 
knots. There is no doubt that certain difTuse nebulae 
have got wisps or fdaments, but their conqwsition is 
not known. Nor can it be said whether such filament 
is twisted or lies in one {dane, or whether the motir>n 
of its parts are coidaner or not. It would not be 
justifiable to make ad hoc assumptions for reasons 
given in the last paragraph. 

Ross nunn (1941) supposes the planetary .system 
to have been formed out of a raindly rotating star 
which would break ui> by fission preferentially in the 
vicinity of anothtT star. The difficulty with tliis 
theory is that such close encounters in which one of 
the ai>i)roaching stars is rapidly rotating with angular 
velocity almost eriual to its critical value for .fij^ion 
arc highly imi>robable. 

Recently, Lyttletoii (1941) has also considered 
the <iucstion of jjlanetaiy formation resulting from the 
break-up of a single stellar mass from rotational in- 
stability. lie regards the Sun as the distant com- 
panion of a close douhle star wliosc components had 
at first merged into a single l)ocly, and later on, this 
mass broke up into a i)air of stars due to rotational 
instability, and a planetary filament was i>roduced 
between them as they were separating from each 
other, byttlclon supposed that the process of coales- 
cence was brought about l.>y accretion of inter-stellar 
matter. It may be mentioned here that Atkinson 
(1940) had earlier (luestioncd the possibility of such 
a coalescence. 

'I'liK Fkeqitkncy (.>p Planetary vSy.stems 

It is worthy of remark that all these theories 
have one feature in common, i.c., the birth of the 
]»laiietarv sy.stems must be an CKceedingly rare event. 
^Moreover, as Spencer-Jones (1940) has said, in these 
theories “.so many special assumptions are involved 
that the Solar vSystem had a very narrow escai^e from 
never coming into existence.** According to his older 
theory, Jeans (1029) estimated that in the whole of 
the galactic system, planetary systems come into be- 
ing at the rate of about one in five thousand million 
years. 

Tuo dilTerenl time-scales have Ikcii projiosed for 
the age of the Universe. Those who believe in the 
1 mg-tiiiic scale maintain that the evidence provided 
by the jihysical conditions and the distribution of 
stars in the galaxy suggest an age of at least 10’“ years 
for these bodies. We may call them “trillionaires**. 
Others !)elieving in a short-time scale argue from the 
theory of relativity that the age ofitlie Tbiiverse must 
be between 10* and years. They may l)e called 
‘‘billionaires*’. Whittakar (1942, Beginning and End 
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of the World, Riddel Memorial lectures) has recently 
suggested an intermediate time-scale, viz., 5.10'® years 
for the age of the Universe. 

As a rough estimate we may say that the chance 
of forming a planetary system for a given star of 
ordinary size is one in 5.10'^. If we allot an average 
age of 5.10^“ years to stars on the “Irillionaire** scale, 
we find that only one star in 100,000 can have found 
a planetary system in the whole of its life, so that 
only about one star in 100,000 is at present surround- 
ed by planets. If we take an average age of 5.10® 
years, on the other hand on the ^‘billionaire*’ scale, 
we see that only one star in a hundred million can 
have a i)lapetary system in the whole of its life, so 
that only one star in a hundred million is at present 
surrounded by jdanels. On the Tidal Theory, plane- 
tary systems are, therefore, “freak formations” of 
nature, 

’It is believed that our galactic system, which 
comprises the whole of the Milky Way, is a spiral 
nebula, rather bigger than the Andromeda Nebula. 
If viewed from outside, the coils of the Milky Way 
will give the same spiral appearance to our system as 
the coils of Andromeda Nebula. It is also believed 
that our galactic system contains stars of the order 
of one hundral thousand millions in number. 

With Jeans (1020) we may regard that roughly 
the stars of the galactic system cojisist of about a 
hundred million packed as closely as the stars in the 
neighbourhood of the Sun, and a far greater number 
scattered far more sparsely in space. In the former 
group of the hundred million stars, under the long- 
time scale for the age of the Universe, there can be 
about a thousand stars surrcninded by idanets, and on 
the short-time scale, there can be only a single star 
surrounded by planets. In the latter group of stars 
of the galactic system, the stars are so sparse that the 
chance of planetary systems coming into being may 
be almost neglected. 

It need be hardly mentioned that the encounter 
between two stars is much less probable on Lyttle- 
ton’s “Enticement” Theory (1938), and the chance 
for the birth of a planetary system is practically nil. 

JKANS’ Nkw Thkorv 

Recently Jeans (Nature, June 30, 1942) com- 
pletely changed his faith. He now believes that 
a far larger proportion of stars than what was imagin- 
ed before must be accompanied by planets. Life may 
be incomparably more abundant in the Universe than 
what was thought before. Out of the vast total 
number of stars, there must be millions which are 
almost exact replicas of our Solar System, and that 
millions of their planets must be almost exact replicas 
of our earth. Accorditig lo Jetins, there must have 
been a time in the remote j)ast, when the Sun, then 


rapidly contracting, extended to thousands of times 
its present radius. It was still a semi-nebulous mass. 
If the original radius of the Sun was n times its pre- 
sent radius, then the chance of planets being gene- 
rated by a tidal encounter of the type contemplated 
by Jeans’ new theory would be times as great as 
that given by his older theory. According to the new 
theory of the various planetary systems of the sky, 
the vast majority were formed when their Suns were 
still in the semi-nebulous .state. 

If the original Sun extended uj) to the orbit of 
Uranus, a little calculation will show that the chances 
of planetary formation would be seventeen million 
times as great as now. Then, according lo our former 
calculations, in the long-time scale, all the stars of 
the galactic system would have planets 170 times 
over, and each .star mu.st have experienced encounters 
at least 170 times since its birth. This is inconceiv- 
able. On the short-time scale, one out of every six 
stars should have a planetary system. This, too 
seems to be over- generous. 

Tiik CiiPiuUD Theory of the Origin of the 

Sor.AR SVvSTEM 

It has also been suggested that the raw material 
which ultimately formed planets was shot out of the 
vSun by powerful internal forces. If there were suffi- 
cient initial impulse, the planets could easily have 
been formed at their present distances, while the 
attraction of a passing star would set them revolving 
in their present orbits. In a recent paper, the writer 
(1942) has shown how a state of dynamical instability 
can be brought about in a star Avhich would result 
in the ejection of niattei to iilanetary distances and 
in the formation of planets. 

The Sun is supposed to have been originally part 
of a Cepheid Variable of about nine times its mass, 
oscillating with small amplitude. The Cepheid 
Variables tv^rm a class of stars which vary periodi 
cally in brightness owing to an actual pulsation, 
periodic change in the size of the star, the period 
bcipg anything from a few hours to a few weeks. 
Dclta-Cephci (8-Cephei) star is a typical star of this 
class with a period of a little over five days. 

The near-by passage of a star of about the mass 
of this Cepheid increases the amplitude of the Cepheid 
oscillation. The pas.sage of this second star need not 
])c grazing or very near, but only sufficiently near to 
produce appreciable tidal protuberances in the original 
Cepheid. So long as the amplitude remains small the 
pulsation of the Cepheid is stable, but if the ampli- 
tude increases, due to the tidal protuberances, ' the 
pulsation remains no longer stable, and matter com- 
parable to the Sun’s mass may be ejected from the 
parent Cepheid, as the writer has shown. It has also 
been sho\<m that the visiting stlir can have sufficient 
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angular momentum to impart the necessary amount 
to the planets. It has been calculated that the Solar 
System will have to take about two-fifths of the 
energy of the parent Cepheid to escape from the 
latter. The parent Cepheid will also get a planetary 
system of its own. As the visiting star need only 
pass at a moderate distance from the Cepheid, the 
birth of a planetary system is much more probable on 
the writer’s theory. In fact, his theory has been 
wound up with the following remarks, “one conclu- 
sion seems to be irresistible, if the theory be correct 
in its essentials, there may be more planetary systems 
than at present supposed.” 

EtKCTROMAGNETlC AND NuCLEAR THKORIES 

Alfven (1943) has recently suggested that the 
planets were formed out of interstellar matter which 
had probably originated from a gas cloud once sur- 
rounding the Sun- and fallen towards it through its 
attraction. As soon as this matter became ionized 
by heating due to gravitation, it was stopped by the 
action of the Sun’s magnetic field. The main portion 
of the matter accumulated at a distance r from the 
vSun when the gravitational energy balanced the 
ionization energy. It is found by calculation that 
this distance is approximately equal to the mean dis- 
tance of Jupiter from the Sun. It is also claimed that 
tliis theory accounts .satisfactorily for the distribution 
of angular momentum among the various planets of 
the Solar System, 

Fesenkov (1944) has suggested that at different 
intervals in the life history of the Sun various energy- 
producing nuclear reactions occurred at critical 
periods and caused sudden contraction of the Sun 
resulting in the ejection of material from which 
planets were formed, 

DrscovuRY OF New Peanktaky Systems 

Theory has thus given us conflicting verdicts on 
the question, “Are there other planetary systems 
than our own?” Observation had not so far dis- 
closed any. In fact, Russell (1935) said that even 
if there be any planetary system in some of the 
distant stars, they would not be visible even through 
most powerful telescope we can construct. Proxima 
Centauri, the star nearest to the Solar System, is at 
a distance of 4*3 light years, t.c., about 24 trillion 
miles from us. The light year is the distance which 
light travels in one year at the speed of 186,285 miles 
per second. It is equivalent to 5*88 x 10” miles or 
5*88 trillion miles. Kothari has shown that Jupiter 
probably represents geometrically the largest piece of 
cooled matter that can in principle exist in the 
Universe. So ' no star can have a planet bigger 
(geometrically) in size than Jupiter. But there is 


nothing to prevent a planet from having a mass 
greater thau that of Jupiter. Proxima Centauri has 
a mass approximately equal to one-seventh of Sun’s 
mass. It is a faint star whose intrinsic brightness is 
much less than that of our Sun. It has a visual 
magnitude 10*5. The apparent briglitness of a star is 
described by the term “visual magnitude”. A star 
having a lower “magnitude” is brightei* than one 
having a higher “magnitude”. A star of the first 
magnitude is 2‘5i2 times as bright as a star of the 
second magnitude. vStars and heavenly bodies very 
much brighter than stars and of the first magnitude 
will have negative magnitude. For example, it may 
be mentioned that the visual magnitude of Sirius 
(Dog-star) is -1*6 ; of Venus, about -4 ; of the Full 
^loon, -i2‘5 ; and of the Sun -26' 7. A standard 
candle at a distance of one metre is of magnitude 
-14*2. Faint stars up to 21st magnitude and not more 
can be photographed with the hundred-inch telescope 
at Mt. Wilson. The visual magnitude of Jupiter as 
it appears to us is -2*2. If Proxima Centauri has a 
planet equal to Jupiter in size and brightness as it 
appears to us, a little calculation will show that it 
will have a visual magnitude 22. So such a planet 
cannot be photographctl by the Mt. Wilson telescoi)C. 
Nor can it be seen through such a telescope which 
can barely show .stars of the nineteenth niagiiitude. 
Even if there be a brighter planet whose visual magni- 
tude is less by two or tliree integers it cannot be 
detected either visually or photographically through 
the most powerful telescope in use now through the 
close proximity of the parent star which is relatively 
a much brighter body. 

It is, therefore, both romantic and most wel- 
come that news has come from America of the dis- 
covery of two planetary systems outside our own 
Solar System. From the study of iiarallax observa- 
tions, Dr K. Aa. Strand (February, 1943) has detected 
the presence of a planetary body in the 61 Cygiii 
sy.stem. 61 Cygni is a well known double star of the 
fifth magnitude in the constellation of Cygmis. This 
.star is historically important as in 1838 Bessel made 
the first reliable measure of its parallax and oiUaiiied 
its distance from the Sun. Its distance from the 
Sun is 10*9 light-years. 

Generally the two members of a double or 
binary star are of unequal brightne.ss. The brighter 
star is called the primary and the fainter is called the 
comi)anion. The orbit of a binary star is defined to 
be the elliptic orbit which the companion will describe 
relative to the primary. In 6t Cygni system, the 
primary star has the visual magnitude 5*57 and the 
companion has the visual magnitude 6*28. Both the 
star and its companion have mass about half of that 
of the Sun. The period of this binary star is 720 
years and the length of the semi-major axis is 84 
astronomical units, an astronomical unit being the 



322 


SCIENCK AND CULTURE 


Vol. X, No. 8 


semi-axis major of the earth’s orbit or 9*29x10^ 

miles approximately. 

Measurements were made by Dr vStrand on a large 
number of i)hotograpiiic plates of 61 Cygiii taken over 
a dozen years. The measures on the newer plates, if 
reduced on the avSsnnii>tion that the system con.sists of 
only two components, and statistical calculations 
based on them reveal certain features which show 
tliat the orbit ()f the visual pair has deviations from 
Keplcrian motion which can only be explained by 
assuming that a third invisible body of small mass, 
which may be designated as 61 Cygni C, revolves 
round one of the two main components. It is not yet 
known to which of these components this small !)ody 
Cygni C, or the planet is attached. As both the 
main components have closely similar masses, so 
whichever is used as the primary ‘star or the vSun for 
the planet in computing the elements of its small 
orbit, the same result will be obtained. It is found 
that this planetary body has a remarkably small mass, 
only one-sixtieth that of the Sun, or approximately 
sixteen times that of Jupiter. It has mass about one- 
tenth that of the lighte.st known star, Kriigcr 60 B. 
It has also a very low luminosity. It revolves in a 
highly eccentric orbit (e = o*7) of semi-axis major 2*4 
astronomical units. This is the iirst time that a 
planetary body belonging to a system other than our 
own Solar System has been detected. 

In January 1943, Reuyl and Holmebcrg 
announced the di.scovery of an even smaller fdanetary 
body in the system 70 Opiuchi which is also a binary 
star in the constellation Opiuchus at a distance of 
about 17 light years from the Sun, The .semi-axis 
major is about 23' 5 astronomical units wdtli a period 
of about 18 years. Measurements were made on a 
large number of plates. It w'as observed that devia- 
tions from the l)inary orl>its were markedly periodic 
l>oth ill right ascension and declination ; a period of 
about 17 years was deduced, amplitudes being 0*014. 
'Die visual magnitudes of the two main components 
are 4*3 and 6'o and their masses are also different. 
It has not yet been found out to which of the tw’o 
components the planet is attached. If it be attached 
to the primary having a mass i i times that of Sun, 
its orbital radius w’ould be 6*8 astronomical units, 
and its mass will be 12 times that of Jupiter. If the 
])laiict 1 k' attached to the companion having a mass 
0*7 limes that of the Sun, its orbital radius will be 
5*9 astronomical units and its mass will be 8 times 
that of Jupiter. In 70 Opiuchi, the size of the binary 
orbit is about 3*5 times that of the planetary orbit. 
So the stability of this planetary orbit in the above 
star seems to be t little doubtful. 

It may be mentioned here that a theory of- the 
origin of the binary stars has recently been advanced 
by H. K. Sen (1941-2) on the lines of the writer’s 
Cepheid Theory (1942) of the origin of the Solar 


System. A Cepheid which had originally a uniform 
density is supposed to have broken up into a double 
star system on account of increase of angular velocity 
brought about by contraction due to radiation of 
energy. The recent observational fact of two binary 
stars being endowxxl with planets seems to corro- 
borate the Cepheid Theory of the origin of tlie binary 
stars. It may not be out of place to mention here that 
Cepheids are found in both the Constellations of 
Cygnus and Opiuchus. 

lylFK IN OTHKR W'ORI.n 

To the other (luestioii set at the outset— about life 
in other worlds, we can scarcely say a conclusive 
word. Life, as wc understand it, can exist only in 
those parts of the Universe where existence of inattcr 
in all the three states viz., solid, liquid, and gaseous, 
is possible ; and the temperatures and physical con- 
ditions are very similar to those observed on the sur- 
face of our Earth. Let us lirst examine the possibility 
of existence of life in the planets of our Solar System. 

Of the inner planets, Venus appears to be the 
best suited to be the abode of life such as exists on 
the Earth ; yet for some reason life has never deve- 
loped there. The absence of oxygen in the atrno- 
sjdiere of the planet is ])erhai)S mainly responsible for 
non-existence of life there. On the dark side, Venus 
may have a temperature of about -23^C, and on the 
bright side 57^C. These lenir)eratures are not un- 
suitable, however, for the existence of some kind of 
life. 

Among the outer planets, Mars is the only one 
where it may be possible for some form of life to 
exist. Jupiter has a mean surface temperature of 
-138^0, and it is too cold for any sort of life to exist 
there. vSalnrn and the other planets arc still colder. 

Mars is colder than the Earth, but the w^arinest 
portions during summer in Mars may have a tempe- 
rature as liigh as 2.s®C at mid-day, but the tempera- 
ture is likely to fall so low^ that everything must 
freeze up hard every night. These conditions, there- 
fore, would be very unfavourable to most of the forms 
of life that have developed in the more genial climate 
of the Earth. But it is very probable that some sort 
of vegetable life similar to that of our Earth might 
exist in Mars.- That animal life may exist in Mars is 
not wholly impossible as sonic low forms of life can 
endure the Martian temperature and physical con- 
ditions. 

There is no doubt that Mars has got an atmos- 
phere. Recent obvServations show that there are only 
traces of oxygen in the Martian atmosphere. Clouds 
and fogs, though comparatively rare on Mars, have 
been observed many times in its atmosphere. Many 
of the surface markings of ; Mars show seasonal 
changes. Polar caps or the brilliant white patches 
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over the poles of Mars shrink considerably in Martian 
summer and become extended in winter. It is quite 
j)0ssible that these caps are composed of snow or 
frozen water ; much of it melt in summer. The tem- 
perature of the polar cap in winter may become as 
low as -70®C. Dark regions are also observed on the 
surface, which undergo seasonal changes in shade and 
dci)tli of colour from greenish to yellow. It is quite 
Ijossible that these regions indicate vegetation. A 
large number of more or less linear markings are 
also observed on the planet’s surface. The American 
astronomer Percival Lowell and the Italian astro- 
nomer Schiaparelli thought that these markings are 
.straight, narrow, uniform in width, and connected 
with one another in definitely geometrical arrange- 
ment. They called these the “canals” and suggested 
that these canals must be the products of intelligent 
design whose execution required engineering skill of 
a high order. There arc also many small dark regions 
at the intersections of these canals. 

There is progressive darkening of the canals and 
oases, in summer, after the melting of the polar caps. 
Lowell, therefore, thought that they were irrigating 
channels along which water was conducted in all 
directions from the poles to the equator and beyond 
in summer. 'I'his water must have been propelled 
arlificially, and intelligent beings who constructed 
the canals were still operating it. Other astronomers 
like barnard and Antoniadi believe that these so 
called canals arc not canals, but they comprise a 
number of irregular patches. The ai)pearancc of 
linear markings arises from the integration, by the 
eye, of details too delicate to be seen well singly. 

The absence of oxygen in the ^lartian atmosphere 
beyond traces conclusively shows that higher forms 
of life are at present non-existent in ^lars. In some 


remote past, when the amount of oxygen in the 
atmosphere was adequate to maintain life, intelligent 
beings with highly developed civilization might have 
existed there. 

In accordance with recent theories, there may be 
many more planetary systems in the Universe and 
there may be many planets which arc almost exact 
replicas of our earth. Life might have developed on 
these, as it has done here, and it might have follou ed 
the same path as our terrestrial life. Life in some 
of these planets may be much more highly developed 
than ours, and who knows that even four hundred 
years after Copernicus “we may be the most ignorant 
cosmogonist in the whole of .space.” 
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DR. BURNS ON AGRICULTURAL DEVELOPMENT IN INDIA 


TN pursuance to the agreement arrived at by the 
Committee of Agriculture, Forestry and Fisheries 
of the reconstruction cominillec of Council, this com- 
prehensive memorandum “on the technological pos- 
sibilities of agricultural development in India” is 
prepared by Dr W. Burns, D.Sc., Officer on Special 
IXity, Department of Education, Health and Lands, 
Government of India. This document forms the 
basis of an “All-India Policy of Post-war Agricul- 
ture” and forms the raw materials for discussion by 
the recijmstruction Committee. 

The subject-matter dealt with is divided into 
two sections ; (i) crops and (2) livestock. So far 

as the crops are concerned the report has taken into 


consideration both (a) the food crops and (b) cash 
crops. The past and^ present crop production data 
of the principal crops mainly in British India over 
the last three decades is fully illustrated by means 
of tables and graphs. These graphs deal with 
(a) acreage and production of principal crops in 
India, (b) total area and total production of major 
food grains and population of India, (3) acreage and 
production of particular crops in the provinces, 
where they are most important, and (4) production of 
major food grains for each province with the popula- 
tion of the province. The graphs and tables are 
important not only as showing actual production, 
seasonal effects and trends but also as data for the 
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discussion following. In every case years of inaxi- 
iimin and mininnini production and acreage with the 
causes of any violent fluctuations arc indicated. 
Fluctuations are most marked on crops “ which 
depend on rainfall. The cash crops are affected by 
the prices prevailing in the previous year. 

In India, as a whole, population is increasing 
more rapidly than the production of food crops. 
This tendency is most marked in Madras and least 
so in the C. P. Many Indian States do not prepare 
agricultural statistics at all, excepting a few that 
represent only 56 per cent, of the area and 67 per 
cent, of the population of all the Indian States. 

Dr Burns has tried to assess the technological 
possibilities of increasing the crop yields per acre 
which research has shown to be possible (i) by using 
improved varieties of seed, (2) by application of 
manure and, (3) by protection from pests and 
diseases. He has actually estimated the extent to 
which the present average yeild per acre could be 
raised if all these known methods of improvement 
arc put into effect. 

Thus in the case of rice, the average outturn 
of rice per acre during the last five years was 738 lbs. 
At a conservative estimate, this yield can be in- 
creased by 30 per cent, viz., 5 per cent by using 
improved varieties, 20 per cent by increasing 
manure and 5 per cent through protection against 
pests and diseases, or even up to 50 per cent, viz., 
10 per cent by variety and ^0 per cent by manuring. 
This would raise the production of rice to 959 lbs. 
per acre and Dr Burns suggests that India should 
aim at an average of 1000 lbs, of rice per acre— an 
average already achieved in some provinces of India. 

It is significant that in one province of India, 
e.g., Coorg, the ordinary cultivator manages to pro- 
duce about 1,254 Ihs. of rice per acre and a certain 
well-managed Indian State in Coorg produces 2,608 
lbs. per acre. In addition to suitable soil and 
climate, the main factors for this high yield are 
(i) use of a high yielding variety and (2) manure 
and water. 

Similar e.stimates of increased yield of other 
principal croi)S, viz., wheat, •jowar, bajra, maize, 
gram, pulses, linseed, brassica oil seeds, ground nuts, 
castor, sugarciuic, cotton, jute and tobacco are given. 
No statistics of acreage and yield for fruits, vege- 
tables and potatoes are as yet available. Given 
disease-free seed-potatoes and suitable manuring, 
the production of potatoes on the existing acreage 
can be doubled. 

In 1941, the I. C. A. R. attempted to intro- 
duce improved seeds of rice and better cultural 
practices, so as to increase the outturn per acre and 
gradually increase the acreage by bringing more 
land under cultivation in Madras, Bengal, U. P., 
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C. P., and Orissa. But this scheme has been some- 
what overshadowed by the “Grow more food*' drive, 
which aims at increasing acreage and yield of any 
variety whatsoever. 

The effect of the “Grow more food** campaign 
of 1942-43 is suiiiinarizcd. Of the main food grains, 
viz., rice, wheat, millet and maize, the acreage was 
increased over previous year by 8,400,400 acres and 
the production by 3,856,000 tons. In addition to 
increase in area of cultivated lands, a large portion 
of land under cotton cultivation was diverted to 
food production. 

Propaganda, financial assistance by the Govern- 
ment, a favourable monsoon and conditions favour- 
able for sowing and maturing arc the factors respon- 
sible for this large increase in the area under food 
grains, and Dr Burns suggests that a combination 
of persuasion, concessions, and compulsion is best 
calculated to bring more lands under cultivation. 

Live Stock 

An estimate is made of milk production by 
cattle, buffaloes and goats, production of eggs by 
poultry and the annual production of cattle manure. 
As in the case of food crops, the technological pos- 
sibilities of increasing milk production, which scien- 
tific method has shown to be possible, are indicated. 
Milk production can be increased by 75% viz., (a) 
30% by feeding, (b) 15% by breeding, (c) 15% by 
management, and {d) 15% by control of diseases. 

Making full allowances for the fodder available 
at present, there is a deficiency in both (a) concent 
trates consisting of oil cakes, seeds, brans and 
pollard and (b) roughages consisting of special food 
crops like jowar, natural grasses available and straws 
of food crops. Available supply of concentrates and 
roughages arc sufficient for only 29*14 per cent and 
78*53 per cent, respectively of the existing cattle 
population. 

There are 85,000 sq. miles of forest grazing in 
India, but this is accessible to only a small per- 
centage of animals. This source should be deve- 
loped and reserves of fodder built up against famines. 

The Shape op Things to Come 

In agricultural development, two objects must 
be clearly held in view e.g., (i) abolition of the 
poverty of the cultivator and (2) abolition of the 
poverty of the soil. 

To achieve these objectives it is necessary to 
save all wastage of fertilizing material, water, soil, 
etc. and utilizing these to the maximum capacity. 
It is further necessary to strengthen the provincial 
and State departments of agriculture and a collec- 
tive action in such matters as.. soil conservation, con- 
trol of pests and diseases and wild animals. 
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Dealing with inamircs, Dr Burns observes that 
Indian soils have become stabilized at a compara- 
tively low level of production. It is not difficult to 
ensure increased yield specially by manuring with 
nitrogen from its various sources, viz., (i) farmyard 
manure, (2) compost made of vegetable matter, with 
a small amount of cowdung, (3) urine earth from 
cattle byres, (4) compost made from town refuse, 
utilising town night soil, (5) green manuring, (6) oil 
cakes, (7) bones, (8) molasses, (9) other types of in- 
dustrial waste such as cotton mill waste and (10) arti- 
ficial manures, specially sulphate of ammonia. An 
estimate is made of the different kinds of manures 
available, many of which, e.g., compost, is very in- 
adequately utilised. ‘‘If the Chinese cultivator can 
apply to the land every scrap of available fertilizing 
material, so can the Indian cultivator. It is only a 
matter of discovering the best way to do it.** 

A rough calculation is also made for the quantity 
of manure which would be required for each of the 
main crops requiring such manurial treatment as is 
advocated by Dr Burns himself. So far as nitrogen 
is concerned, the total required for the principal 
food and cash crops, is estimated to be about 2 ‘6 
million tons every year and this could be had from 
13’ 2 million tons of sulphate of ammonia (N = 20%) 
or 526 million tons of farmyard manure (N~o‘5%). 
He has howevei* not stated the requirements for 
phosphates or other major plant nutrients. 


India is maintaining about 200 million heads 
of cattle, wdiich can be expected to produce 500-600 
million tons of farmyard manure— which amount is 
quite sufficient to meet the manurial reciuirements 
of all our crops. The present position, is however, 
not so satisfactory, since more than half of the dung 
is being used as fuel, in farms, villages and towns. 
The present annual production of farmyard manure 
in British India is estimated to be about 250-300 
million tons, and is enough to supply I'o ton of this 
manure per acre of cultivated land. We are at pre- 
sent deficient by about 250-300 million tons of this 
manure. 

The answer to the ravages of insects, pests and 
diseases is the production of resistant varieties of 
crops where possible, but so long as that ideal me- 
thod is not achieved, the use of more insecticides 
and fungicides is advocated. 

The memorandum is concluded with some re- 
marks on mechanization. For certain special opera- 
tions, e.g., original clearing of land under jungle, 
the eradication of deep rooted weeds, anti-erosion 
work and for cultivation on large estates, the use 
of power machinery in India is economical, but 
bullock-drawn implements must continue to consti- 
tute the main weapon of cultivation in this :ountry. 

A. K. Cr. 


THE PROBLEM OF REHABILITATION 

K. P. CHATTOPADHYAY, 

ANTHROPOI.OGY DEPARTMENT, CAtCUTTA UNIVERSITY 


A survey w^as carried out by the Anthropology 
^ Department of the Calcutta University during 
1942-43, regarding the effects of the famine and the 
lines on which rehabilitation work should proceed. 
It was pointed out in a statement issued on the basis 
of the data collected that in many of the affected 
areas about thirty per cent of the small peasants had 
lost their land and that the proportion of fishermen 
who had lost boats, nets or fishery rights came to 
about twenty per cent. The estimates were prepared 
on the basis of a limited survey and are therefore 
subject to some revision. But they indicated the 
lines on which rehabilitation work should proceed, 
even though more exact figures available from an 
extended sample survey might modify the percentage. 
The complete results of the survey on a wider scale 
now in progress are not yet available for publication. 
But the earlier data, and what has been available 


since then regarding the economic condition in the 
affected areas permits us to indicate certain requisites 
for rehabilitation which have to be mentioned now 
in view of decisions already taken in this regard. 
Apart from short term relief, the principal requisite 
for the peasant who has lost part or whole of his 
small holding, is the restoration of his land. By an 
ordinance, now regularised by legislative measures, 
the Oovernment have authorised restoration of land, 
distributing repayment of it in ten annual instalments. 
In the original note issued by the Anthropology 
Department it was pointed out that an ordinance or 
a law simply permitting restoration of land is inade- 
quate. A peasant sells his land by which he lives, 
only when he has used up all his reserves— the few 
silver ornaments his womenfolk may have, the brass 
or porcelain pots and pans, and even his livestock. 
It is not possible for such a person who has thus 
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thrown himself on the labour market, as an unskilled 
labourer, to save ui) enough funds to deposit a suffi- 
cient amount to rei)urchasc the land. According tf> 
the enquiries conducted by 'Kanungoes for the l^'lcud 
Conimis.'^ion, nearly three fifths of the cultivators are 
small peasants with holdings of less than three acres, 
and the large majority of tlKin do not possess even 
two acres erf land. As a family cannot live on the 
land unless the farm is at least five acres in area, 
most of these families IiaVe to try to supiilenieiit their 
earnings by agricultural labour and subsidiary occupa- 
tions. Kstimates of income by the Bengal Banking 
Phtquiry Coniinittee as well as by Honouralde Sir 
Azizul Hmi (man behind the idough) indicate that 
these agriculturists cannot live by what they earn. 
The intensive work in the villages of Bogra (un- 
published) l>y Mr Bamkrishna Mukherjee as a 
research scholar of the Anthropology Bepartment, 
and his later work in Noakhali in connection with 
my limited survey (published in Science and Culture) 
support these conclusions and clearly bring out the 
chronic poverty and progressive deterioration of the 
condition of the peasantry even in what are held to 
be normal times. The poorer pea.sants have bciicn 
steadily losing land in favour of the non-cultivating 
owner and this tendency lias been accelerated, by the 
inflation and famine. In such circumstances, a per- 
missive measure, without State help will be of very 
little use. The U]»per limit of the value of the land 
Rs. 250/- is also too low. It will exclude from 
even the little benefit the special legislation can con- 
fer, the peasant who has parted with more than half 
an acre of land. The only real help that can be 
offered and be of use, will be available if the State 
conies forward to help with interest free loans on a 
long term basis, as a relief measure. Otherwise even 
the beginnings of rehabilitation cannot be made. It 
should be clear, that such relief should be for the 
poorer peasants, in the main. Our criciuiries among 
the peasantry "suggest that the Oovcrnineiit loan has 
formed less than one tenth of the total borrowings 
for food, and even the little help given has not been 
in favour of the most needy. 

From the point of view of ticrmanent restoration 
of villages to an economic level in which they can 
live, much more has to be done besides restoration of 
land. Seeds, cattle and manure are now beyond the 
means of most small peasants ; later on they may be 
able to pay for these or obtain plough cattle by hire. 
But owing to their marginal position on the boider- 
land of want, they have to pay more for all their 
requirements, and get very hard terms when credit 
is needed. The only remedy for this is to encourage 
the formation of co-operatives for production as well 
as for purchase of neces:\ities. Another important 
need is protection from superior landlords. At 
present, if the landlord gets khas possession of any 


land, he is at liberty to settle it on any one. Often 
the choice goes to non-cultivating owners who are 
better off. The result is that the genuine cultivator 
can get land only as a bargadar, with half share of 
crops. Ivack of protection in this respect can render 
inoperative beneficial land laws. Thus the land laws 
in the Punjab have to a great extent been rendered 
abortive owing to the failure to discriminate between 
cultivators and non-cultivating owners who employ 
labour to till tlieir land or use the bargah (crop 
sharing) system. liven where the land has been 
actually reclaimed by the peasants, from the waste 
by co-operative drainage or embankment, with help 
from other sources (such as relief organisations) the 
local zamindar has been found to settle the land with 
other persons. In the old Hindu i)criod the man who 
reclaimed the land liad the first right to it, and flic 
State or landlord received the rent only for protec- 
tion and care of the i^casant. Neither of them had 
the right of absolute disposal of such reclaimed land. 
Only if the fields were left fallow i.e., practically not 
used could any interference take place. In the period 
of Muhammadan rule, these i)riuciples were not 
violated. They liave continued to operate under 
British rule among our tribal peoi>le like K basis and 
Muiulas, and have been enforced by special legisla- 
tion by the Government of India in the excluded 
areas like Santal Parganas or Kolhan. Oiir ordinary 
peasantry of the so-called advanced social groups are 
equally in need of similar protection. I, and revenue 
officials who have administered partially excluded 
areas arc well aware of this necessity. In an official 
report (which is now forty years old) on the need of 
protection of tribal people, it was stated very frankly 
by a British Director of Land Records that the great 
majority of Indian cultivators recpiired to be pro- 
tected, just like tribal i)Cople, in the matter of land 
tenure and transfer. In the Punjab, some protection 
has been given by the Land Alienation Act which 
prevents the transfer of land from the i:)ossession of 
one agricultural group to another or to outsiders. 
The consequent lack of credit is however a dis- 
advantage to the small peasant who cannot earn 
enough to lay by for emergencies. The only remedy 
for this lies in the formation of co-operatives of 
cultivators with guarantee of a certain amount of 
Government loans at a low rate of iiitcrc.st. Other- 
wi.se, the peasant will have to go to a money-lender 
and suffer the evils consequent upon it. I<egislation 
t)rcvciiting transfers to non-agriculturists will merely 
lead to the growth of a clas,s of money-lenders drawn 
from the richer peasantry. This has actually 
happened in the Punjab and it has been stated that 
this defect in Land Alienation laws in that province 
“has created a class of agricultural moneylenders who 
are even more rapacious than the non-agricultural 
moneylenders and that it has allowed thd big land- 
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holders to buy up the small holders, who arc the 
very men that stand in most need of protection**. 

Even in the so-called protected areas, considera- 
tions of revenue override that of welfare. In the 
Damin-i-Koh the Santal cultivator holds his raiyati 
land so long as he pays the rent and keeps the hold- 
ing in a proper state of cultivation. No eviction can 
however occur without the sanction of the Deputy 
Commissioner. When a raiyati holding falls vacant 
for any reason, it has to be settled as follows, pre- 
ference being given in the order mentioned. 

(a) with a resident jamabandi raiyat of the 
same community ; 

(b) with the headman if no resident jamabandi 
raiyat is available ; 

(c) with a non-resident jamabandi raiyat only 
if no one of categories (a) and (h) are 
available. 

While the solidarity of the village community and 
some im)tection of the rights of the tenant arc thus 
ensured, certain other dinTiculties remain. It .so 
liai)pens that in the Santal and other Reservations, 
sufficient uncleared forest land is .still available for 
cultivation. Hence an industrious iieasant can make 
a living. Arrears of rent should not therefore nor- 
mally occur. Hut in the develoj'cd areas, and among 
noil-tribal peasantry, there is no such margin of land. 
Tiitil long term rehabilitation can be effective, there 
must be firovisioii for periodic help to the poorer 
peasantry. To evict such a peasant for failure of rent 
in a bad year is to turn him out to beg or to die. 

The problem of the poor peasant can lie tempo- 
rarily and partially solved if the land laws are basi- 
cally amended and certain other provisions made. It 
should be made comi)ulsory to settle all vacant 
holdings with a re.sidcnt cultivator of tlie same 
village, and not with non-resident cultivators or non- 
cultivating owners. If there is any co-oi)erativc of 
cultivators, it should receive t)refcrcnce. As land- 
less agricultural labourers like to settle down as 
cultivators, there will be no dearth of suitable tenants. 
Regarding arrears in bad years, there should be a 
system of insurance against eviction. The incidence 
of the land rent on the actual cultivator is already 
high enough and should not be enhanced any further. 
Hut the unearned increment which goes now to the 
Zemindar and jotedar owing to the Permanent Settle- 
nient, as the result of clearing of uncultivated waste, 
and higher prices of crops, can certainly be tapped 
for this purpose. The State now gets about three 
crores of rupees as revenue and cess from land, and 
the landlords about seven crores and a half, after 
deducting expenses of management. Of this amount. 


at least two crores may be considered to he a fair 
estimate of the unearned income, which would have 
been available to the vState if permanent settlement 
had not been adopted. An insurance fund may be 
created by imposing a cess on the Zemindari revenue, 
so long as the present system is in force. A portion 
of the ordinary Government revenue Ixing the realisa- 
tion of the State’s share from the cultivator, should 
also be contributed for this jmrpo.se. The actual 
incidence of rent in dift’creiit parts of Heiigal should 
be inciilioiied in this connection. The incidence of 
rent in the less fertile tracts of Western and Central 
Bengal is mucli higher than in the more productive 
areas in Eastern Bengal. Often they arc three times 
as high as the rent in the more favoured areas. A 
revision of the rent on rational lines on a uniform 
basis will not it is believe*!!, affect the revenue of the 
State. 

All these are however Icmporaiv devices. 
Permanent improvement can come only if (a) the 
land is made more productive and (h) the pressure of 
population on land is less. Co-operative agriculture, 
with manuring, and irrigation can increase the yield 
by at lea.st fifty per cent. But large tracts in W’eslerii 
and Central J*engal cannot be irrigated unless the 
Stale lakes up a i)la lined project. More than twenty 
years ago, engineers of the Government Irrigation 
Department recommended the building of huge irriga- 
tion reservoirs to slf)re the vast volume of water that 
drain into llie Daniodar and Barakar, during the rainy 
season, from the Cliola Nagjiorc division and flood 
Western Ikmgal. vSuch a project can save Western 
Bengal from iiiinidation and also inovide irrigation 
facilities during the dry months to a large tract of 
otherwise fertile land, where no second croi) can now 
be grown. Tliere is some talk of constructing dams 
for irrigation and power now in connection with the 
jdan for building uj) of an industrial belt in Chota 
Nagpore on the lines of the Teiiessee \idley scheme. 
Every allempt should be made to e.xpcdite the irriga- 
tion ])rojcct for Western Bengal in this connection. 

The secontl desideratum, of reduction of pressure 
of pfipulation on land can be attained only if other 
sources of income are opened up for lliose who liave 
had to fall back on land or work rin land owing to 
failure to make n living in their traditional occupa- 
tion. Artisan castes and artisan families like potters, 
oilpressers, and weavers have been thrown on the 
laud steadily during the past hundred years owing 
to competition willi machine made products and sub- 
stitutes. Only a small proiiortion of thc'se people 
have been absorbed in industry. 

The remedy is obvious— industrialisation. Some 
hardship is of course inevitable during transition 
from a culture based on individual iiroduction of 
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handmade goods to an industrial regime. It will 
however be much less than the chronic long drawn 
out agony of universal poverty due to lack of modern 
development. In our country, unfortunately, indus- 
triali.sation has been deliberately hampered to favour 
the business interests of foreigners. This is happen- 
ing, even now, during the present war, when the 
undeveloped industrial organisation of India is a 
handicap to war supplies for the far eastern front. 
An influential section of Indian political opinion is 
also against industrialisation ; mainly on the ground 
of the evils brought in train by uncontrolled machine 
production. Unless however we have a sufficiency of 
goods of various kinds produced in our country to 
meet our requirements, the problem of poverty can- 
not be solved. At the same time, the production 
and distribution must be in the interest of the actual 
producer and the consumer. This can be ensured 
l)y control over big industries and by encouraging 
artisans’ co-operatives for production. Competition 
between large scale factories and producers* co-opera- 
tive will also have to be replaced by co-ordination 
through control over industry. If these steps are 
taken, many of the evils of industrialisation found in 
Western Europe will be avoided. 

In connection with the question of rehabilitation 
I have so far dealt with the case of peasants. Special 
inention should however be made of another commu- 
nity, as their case in one respect is comparable to 
that of peasants, or is even worse. It is that of fisher- 
men. This community is in a very precarious 
economic condition owing to lack of legal protection 
of their proper rights. The fishery rights in small 
rivers or heels or even bigger waters is permanently 
.settled areas belong to the tenure holders or Zemindars 
who lease them out to others. It appears from the 
Report of the Special h'ishery Officer that "there is 
no limit to what can be exacted” of the actual fisher- 
men, for fi.shing rights. Even the humble earnings 
made by fishcrfolk in these circumstances was hard hit 
as tlie result of the denial policy of 1942-43 which 
led to over twenty thousand boats being put out of 
commission. The occupation of fishing, as well as 
of working as boatmen ceased to be possible in a very 
large number of cases. These men who had never 
done any agricultural labour were thrown on a 
market already glutted by labourers. Yarn needed 
for nets increased four or five fold, or even more in 
price, and was impossible to obtain for fisher families, 
acting in small groups of two or three. Even as late 
as December 1944 yarn at controlled rate was not 
available to fishermen in many areas. The Govern- 
ment have authorised, it is understood free grants of 
rupees fifty or so to a limited number of individual 
families to help them to te-equip themselves for work. 
But this will only meet the need as regards nets. 


Boats are essential for fishing all the year round. 
Otherwise, fishing has to limited only to the rainy 
season and a couple of months following it when fish 
abound in shallow pools by rivers and heels^ and 
nets can be used from land for moderate catches. 
Large number of fishermen in Bengal, who used to 
fish throughout the year have been reduced to such 
limited work and forced to supplement their earnings 
as best as they can as agricultural labourers. It is 
true the Government are building boats in their yards 
to send to fisherfolk and boatmen. The quality of 
timber used is however reported to be unsatisfactory. 
Even if the boats are of good cjuality, the price of 
these will have to be recovered on a long term basis 
wdth subventions by Government. Here again co- 
operatives and co-operative guarantees will be found 
helpful. Purchase of yarn can also be satisfactorily 
made through such organisations. A third point 
which has so far been neglected by Government, is 
the question of fishery rights. Many fishermen have 
lost even the little right they enjoyed in these 
respects, through failure to pay rent during the 
famine year or even earlier owing to rising prices of 
food grains and yarn, without a corresponding rise 
in the price of fish. Restoration of such fishery rights 
is essential. Another measure in this connection is 
equally necessary. Zemindars generally settle fishery 
rights by auction to the highest bidder, who is often 
a person who employs others to work the heels or 
rivers, or sublets them to actual fishermen at an 
exorbitant rent. The practice is similar to that of 
settling vacant holdings with non-cultivating owners, 
and is even more unjust as there is no legal limit to 
the fishery rent. These evils ought to be removed by 
legislation which .should enforce priority in the matter 
of leasing of heels and rivers to local fishermen, and 
failing them, with other fishcrfolk. Wlierc there is 
a local co-operative organisation of fishermen, prefer- 
ence should be given to it. 

We have so far discussed the problem of rehabi- 
litation. But it was mentioned in the beginning that 
the discussion was being carried on apart from tho 
question of .short term relief. Owing to the death of 
a much greater number of able bodied men than of 
women (roughly twice the number of women), a 
large section of the population of women and 
children have been deprived of the earners who sup- 
ported them. The incidence of sickness has also been 
high — ^nearly fifty per cent in the course of a little 
over a year, and often lasting for months. As the 
earners have been affected as much as dependants, it 
is evident that a large section of the population is left 
without means of^ support during a good part of the 
year. Relief, especially for women and children will 
therefore have to be continued. Medical help also 
has not so far proved adequate inspite of the work 



February, 194f5 


NKW NOBKL LAURKATKS IN PHYSICS 


m 


done by non-official as well as official agencies. It 
should be extended. Failure to provide sufficient 
medical relief will accentuate the economic distress 
and increase sickness in its turn. The disintegration 
of family life in the more affected areas and the in- 
crease in the number of helpless women who are 


taking to a life of shame, will not be stemmed unless 
all these measures are seriously taken in hand, and 
the official and non-official agencies apply themselves 
to the work, in collaboration. It will be a hard job 
even then, in the present conditions. But like many 
other hard jobs it has to be tackled and put through. 


NEW NOBEL LAUREATES IN PHYSICS 


OTTl) vSTHRN 

rpHE award of the Nobel Prize in Physics for the 
year 1943 has been inade to Prof. Otto Stern of 
the Research I.aboratory of Molecular Physics, 
Carnegie Institute of Technology, Pittsburgh, for his 
contribution to the development of the molecular ray 
method and the discovery of the magnetic moment 
of the proton. He developed the technique of the 
method in the Institute for Pliysical Chemistry in 
Hamburg before 1933 when he had to leave Cxcrmany 
due to unfavourable political situation. Although 
l)eams of neutral molecules moving with thermal 
velocities were first produced by Dunoyer in 1911, 
the full realization of the distinctive features of the 
molecular beam method is due to Stern. To obtain a 
collision free molecular beam we have to work at 
very low pressures and the intensity of the beam is 
very low. Also the energy of the thermal molecules 
is not sufficient to affect a photographic plate, and 
the methods available for detecting charged particles 
cannot be used for detecting neutral molecules. 
Special methods have, therefore, to be devised for 
detecting molecular beams. One of the earliest 
methods is to place a cold target in the path of the 
beam, the molecules condensing on the target. This 
was the method applied by vStern and Oerlach in the 
celebrated Stern-Ocrlach experiment which demon- 
strated the space (juantization postulated by quantum 
theory. The same method of detecting the beam was 
used by Stern in his experiment on the verification 
of MaxwelPs distribution law, and to detect the 
pressure of light on a beam of sodium atoms. 

The conden.sation method, however, is not quan- 
titative and does not allow a survey of the intensity 
within the beam. vStern, therefore, developed very 
sensitive manometers. A chamber is placed in the 
path of the beam which is allowed to enter it 
through a narrow opening. An equilibrium pressure 
IS developed in the chamber, which is measured 
cither by a Stern-Pirani gauge, a surface-ionization 
detector, or by a space charge detector. From the 
^tiuilibrium pressure in the vessel, the intensity of 
the molecular beam is calculated. The equilibrium 
pressure developed is of the order of 10'* mm. or 
lower, and the sensitiveness of the Stern-Pirani gauge 


is so great that it can detect changes of ro“* min. at 
a pressure of io“* mm. 

These detectors have been used by Stern in 
studying the diffraction of molecular beams and other 
experiments. As is well known, the de Broglie wave- 
length of a particle of mass m and velocity v is h/ mv. 
This had been experimentally confirmed in the case 
of electrons by O. P. Thomson and others. Some 
experiments by Stern and his collaborators on the 
.scattering of hydrogen and mercury beams indicated 
that the scatteiing cross-section is much larger than 
the values obtained on the kinetic theory. This is to 
be expected if the molecules behave like waves. 
Direct confirmation of the wave nature was difficult 
because the molecules from a source do not possess 
the same velocity and, therefore, do not form a mono- 
chromatic beam. Stern and his collaborators managed 
to select a beam of helium atoms of fairly uniform 
velocity by passing the beam through narrow slits 
in two parallel circular discs placed 3 cm. apart and 
rotating about their common a.xis. Atoms of the 
‘correct velocity* arrive in time at the second disc 
to pass through the succeeding slit, wdiile faster or 
slower atoms are stopped. The beam then fell upon 
the surface of a lithiuna fluoride crystal by which 
it was specularly reflected and diffracted. It was 
observed that in addition to the reflected beam there 
was a strong diffracted beam. It was found that the 
measured wavelength lies within 1*5 per cent, of 
the calculated value. 

This brilliant result was followed by Stern’s 
measurement of the magnetic moment of the proton 
and deuteron by passing a beam of molecular hydro- 
gen through a strong inhomogeneous magnetic field. 
Hydrogen consists of parahydrogcii and ortho hydro- 
gen in the ratio i .*3. In parahydrogen the nuclear 
spins are antiparallel, and since the two electrons in 
the molecule also have their spins antiparallel, in a 
parahydrogen molecule the moment must be due 
to the rotation of the molecule as a whole. At liquid 
air temperatures almost all the para-moleculcs are in 
zero rotational state (the rotational quantum number 
m=o) and should, therefore, have zero moment. 
This was experimentally found to be the case, the 
beam being undeflected in a magnetic field in which 
the gradient was ~2Xio* gauss/cm. At higher 
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temperatures some of the molecules will be in the 
rotational state, w=2, and hence the deflection 
experiment at room temperatures allows the determi- 
nation of the rotational moment per unit quantum 
number. 

If now we perform the exi>erinient with ortho 
hydrogen in which the nuclear spins arc parallel and 
the lowest rotational (juantum number is one, we can 
allow for the contribution to the moment due to rota- 
tion and calculate the magnetic moment of each 
proton. Stern and his co-workers found this to be 
2*46 nuclear Bohr magnetons. A similar experiment 
with heavy hydrogen enabled them to calculate the 
magnetic moment of deuteron which was found to 
he 0*85 Bohr magnetons. 

PROP'. ISIDOR ISAAC RAIU 

TSIDOR ISAAC RABI, Professor of Physics, Colum- 
■^bia University, New York, who has been awarded 
the Nobel Prize in Physics for 1944 for his resonance 
method for the registration of the magnetic {[ualities 
of atomic nuclei has been endowed with the rare gift 
of combining great experimental skill with remark- 
al)le theoretical insight. This is amply borne out by 
his work on the determination of the mechanical and 
and magnetic moment of the atomic nuclei. 

Rabi’s early work was concerned with the deter- 
mination of the magnetic siisceptihilities and appli- 
cation of (juantum mechanics to certain eigenvalue 
problems. But lately he has devoted his attention 
to the development of the techiiujuc of molecular 
beams and its applications to molecular scattering 
and deterniiiiation of nuclear moments. In contrast 
to Stern, Rabi has generally used a weak inhomo- 
geneous magnetic field as the analyzing field. In a 
very strong field when the coupling between the 
electronic and nuclear moments is destroyed we get 
(2/4*1) beams, each beam having the same intensity 
which is prof)ortional to (2I f r). J defines the extra- 
nuclear moment of the atom and / tlie nuclear spin. 
In weak fields, i.c., fields which are at atomic dis- 
tances, smaller than those produced hy the nuclear 
magnet the coupling is retained, and we have (2I + 1) 
(2/-I-1) beams of cfjual intensity. A knowledge of 
J, therefore, enables us to calculate I by merely 
observing the number of beams. Also the spacing 
of the beams enables one to calculate the nuclear 
magnetic moment. This method was first applied to 
the hydrogen atom. 

The net deflection of an atom by the inhomo- 
geneous magnetic field is inversely proportional to 
its kinetic energy. Since the atoms issuing from 
source (oven) obey a Maxwellian velocity distribu- 
tion, there results at the detector an overlapping of 
beams instead of the foi’naiion of shari> lines. To 
avoid the inaccuracy due to tliis Rabi developed a 


magnetic velocity selector. This method was applied 
mostly to alkali metals. A strong inhomogeneous 
field first splits the original beam into two (/ being 
i in the case of alkali atoms). A slit then selects the 
slowest of these atoms and passes them on to the 
weak inhomogenous field where the coupling 
between I and / is retained. After this the beam is 
focussed by a field similar to the first, but having 
the opposite gradient, and it is delected by a surface 
ionization detector used ballistically to increase the 
sensitivity. 

Another method which was developed at the 
.same time was what we might call the method of 
zero moments. As wc pass from a weak-ficld pattern 
to a strong-field one, at certain field values some of 
the beams pass througli the undeflcctcd position. To 
understand this we shall consider the energy of the 
atomic magnets in a magnetic field. Confining our 
attention to the alkali atoms, it can be shown that 
this energy is a (juadratic function of the field, except 
for the total magnetic (luantum numbers equal 
to db(/4->2). The effective (juantum number which 
can be defined as the negative rate of increase of the 
energy with the field depends, therefore, not only 
on the magnetic quantum imniber but als(^ on the 
field. For each beam there is a certain value of 
the fields for which the effective (juantum number 
vanishes. If the detector is in tlie bio-deflcctioii 
position* and the magnetic field is increased, we can 
get the number and si)acing of the critical field value. 
This enables the mechanical and magnetic momcnis 
to be calculated. 

A further development along these lines has led 
to the discovery of what is known as “Radio-freriucncy 
spectroscopy**. The method resulted from an attempt 
to find whether the magnetic and mechanical moments 
of the deuteron have the s 5 me direction or opposite 
directions. A beam is passed first through one field 
and then through another which has the opposite 
gradient to the first and is of such strength that its 
deflection is e(iual and opposite to that of the first. 
(When tins is so the ratio between the effective 
moments is given by the ratio of the two field 
strengths. Also, since the effective moments arc 
known functions of the fields, we get two e(iuations 
between the effective moments which can be calcu- 
lated.) If a homogeneous .field Ho is produced 
between these two fields, the atomic magnets will 
precess about this field with the Lannor frequency. 
If a small (weak) oscillating field of frequency equal 
to the above I.armor frequency is applied at right 
angles to the homogeneems field Ho, resonance 
occurs and the atomic magnets will change their 
magnetic quantum number. This change is observed 
at the detector by a falling off of intensity, because 
the effective moment in the field just preceding the 
detector change.s due to a change in the magnetic 
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(luantuni number, and tlic field does not therefore, 
exactly counter-balance the deflection produced by 
the first. A knowledge of the frequency of the oscil- 
lating field and the strength of the homogeneous 
field then enables one to calculate the nuclear I,,ande j? 
factor and hence the nuclear magnetic moment. An 
analysis which it is not possible to go into here 
shows how from the fact whether the transitions to 
a different magnetic quantum number take place or 
not one can calculate the direction of the magnetic 
moment of the nucleus. 

The frequency of the oscillating field of course 
depends upon the intensity of the homogeneous mag- 
netic field and, in actual practice, is of the order of 
a few thousand niagacycles. This new field of 
‘micro-spectroscopy* can measure energy intervals 


which are to * of the smallest intervals measurable 
by ordinary optical spectroscopy. By this nuclear 
magnetic moments have been measured by Rabi and 
his co-workers with an accuracy of one in a thousand. 
An important result of the experiments with the 
hydrogen, deuterium and hydrogen-deuterium mole- 
cules has been the discovery that the deiiteroii is not 
spherically symmetrical in shape but elongated along 
the si)in axis (i.e., has an electrical ijuadrupole 
moment) . 

Prof. Rabi was awarded the ‘Thousand Dollar 
Prize* by the American Association for the Advance- 
ment of vScience in ig.sq in recognition of his brilliant 
work in throwing light on the i)roperties of the sub- 
atomic units. 

R. N. R. 


GOVERNMENT SCHEME FOR TECHNICAL TRAINING OF STUDENTS ABROAD 


I N response to numerous enquiries being received 
“^■from students desirous of proceeding overseas for 
courses of study in the near future, following the 
recent announcement, by the Hon’l)le Member for 
Planning and Development, of the (Government deci- 
si(m to send abroad about 500 studeiUs for training in 
technical subjects directly related to the various plans 
for post-war development, the Department of Educa- 
tion, Health and Lands has just issued a press com- 
imini(iue to which we draw the attention of our 
readers. Some of these students will be selected direct 
by the Central (Government ; others will be selected 
ill the first instance l)y Provincial Governments. In 
the former case the Central CGovcrninent will provide 
the financial assistance rcciuircd to enable the students 
to complete an approved course. In the latter case 
the cOvSt of such financial assistance will be .shared 
eiiually between the Central and Provincial Govern- 
ments. The selected students will be required to give 
an undertaking that on completion of the course 
abroad they will enter such employment in this coun- 
try as may be indicated by the Central or Provincial 
or State Government as the case may be. Although 
no guarantee can be given, every effort will be made 
on the student’s return to this country to find him 
employment on terms commensurate with the quali- 
fications which he may have obtained. 

A special selection committee will be established 
by the Central Government to deal with applications 
received. It has been suggested to Provincial Govern- 
ments to appoint similar selection committees in 
Provinces. Special arrangement will also be made to 
place the students selected in suitable universities or 
similar institutions abroad and to look generally after 
their welfare while they are overseas. Free passages 


and rcasonaVde travelling expenses from India to the 
institution selected will be provided as well as re- 
turn passages on the satisfactory completion of the 
prescribed course. The main courses for which 
awards will be available are set out below : — 

1. .•Vgricultural Subjects (inclndiiig Anim.il Husbandry). 

2. b^tucalioiinl Science ?iiid Practice. 

3. Mechanical Kngineering. 

4. Klcctrical Kiigiiieering. 

5. Civil Engineering. 

*6. Chemical Engineering. 

"■y. AeronaiUical lingineering, 

*8. Marine Engineering. 

*9. .Architecture, Regional Planning, Huildiiig Construc- 
tion. 

10. Applied Clienii.stry (iiicluding preservation and dis- 

tribution of foi-'d stuffs). 

11. Applied Physics. 

’•’12. Ceology. 

♦13. Metallurgy. 

14. Other forms of Applieil Science. 

15. Technical subjects not covered alK)ve. 

Courses other than those set out above will be considered 
only if directly related to probable post-war needs. 

(iV. /?. --Separate arrangements are being made by the 
Central (Jovernincnt in consultation with Provincial Govern- 
ments in the case of students who may be sent abroad, for 
courses in Medical subjects. These will be announced 
shortly.) 

The iiumbervS selected for each course will be 
strictly limited and will be determined solely by 
j)o.st-war requirements. Preference will normally be 
-iveu to students who have already completed a 
degree at a university in India or elsewhere, but 
this will not apply to students who possess special 
qualifications or experience that would make them 
suitable for one of the courses specified above. 
Advertisements inviting applications will shortly be 
issued by the Government concerned, and applicants 
residing in a Province are advised to comply with the 
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instructions which will be contained in these adver- 
tisements as to the method of submitting applica- 
tions. Applicants resident in the Centrally admini- 
stered areas or areas administered by the Crown 
Representative (or tliose for awards for courses 
starred above) should submit their applications to the 
Secretary, Education, Health and Eands Depart- 
ment, (lovernment of India, marked “OvKRSEAwS 
Students”. 

The subjects starred on the above list at present 
concern the Central Government only, but there are 
other subjects in which both the Central and Pro- 
vincial Governments are interested. Applicants for 
courses in these subjects may submit their applica- 
tions either to the Central Government or to their 
Provincial Government. 

In the case of students desirous, as in the past, 
of proceeding abroad for study at their own expense, 
and of those likely to be sent by firms, private bodies 
or persons, the Government of India are anxious to 
provide advice and guidance on a much larger and 
wider scale than they did hitherto. With this end 
in view, the Central Government have asked Pro- 
vincial Governments and universities to set up 
Students Advisory bureaux as soon as possible with 


a view to affording such advice and assistance. It 
is aLso Ciovernment of India’s intention to establish 
machinery for heli)ing these students to obtain ad- 
mission to university and other institutions abroad 
and for looking after them generally during their 
stay in the foreign country. It is, therefore, suggest- 
ed that all students who desire to proceed abroad at 
their own expense for courses of study as soon as 
travelling conditions permit, should ascertain from 
their Provincial Governments or from their univer- 
sities whether such Advisory Bureaux or Committees 
have been established, and if so, should take full ad- 
vantage of the facilities offered. It is intended that 
these Advisory Bureaux should deal with all students, 
other than sponsored students, whatever the nature 
of the studies they may intend to punsue abroad. 

It should be emphasized that the arrangements 
set out above apply only to British Indian subjects 
and not to subjects of Indian States. It is under- 
stood that a number of Indian States contemplate 
making similar arrangements. So far, however, as 
the placing of students in institutions abroad and 
looking after their general welfare are concerned, the 
machinery referred to above will be available for those 
students from Indian States who desire to take ad- 
vantage of it. 


Botes anb Bews 


INDIAN SCIENCE CONGRESS 

The 32nd annual meeting of the Indian Science 
Congress Association was opened on Tuesday, 
January 2, 1945, by His Excellency Sir Henry Joseph 
Twynam, K.C.S.I., C.I.E., I.C.S., Governor of 
Central Provinces and Berar and Patron-in-chief of 
the Congress at the College of Science, Nagpur, in 
the presence of a large gathering of delegates, 
members and visitors. 

Lt. Col. the Hon’ble Justice W. R. Puranik, B.A., 
LE.B., Vice-Chancellor, Nagpur University and 
Chairman of the local reception committee, request- 
ing His Excellency to inaugurate the sessions, ex- 
tended a cordial welcome to the delegates and visitors 
at Nagpur, Referring to gifts of science and its 
application in the present world coiiflagration, Justice 
Puranik said : 

“Numerous and variegated weapons are raining des- 
truction on the human species. Machine guns, submarines, 
flame-throwers, torpedoes, incen li^irv bombs, delayed action 
tx)mbs, rocket plane, and V-1, V-2, etc.,— these strike our 


l3odics and confuse our minds and even depress our spirits. 
But the gifts of science, like gifts of Heaven, are always 
double-edged. Their value depends on the purposes which 
they are made to serve. vSo far, therefore, as any charge 
of responsibiiity for the horrors of the present war is con- 
cerned, the scientist deserves, in my judgment, an honour- 
able acquittal. If the gifts of science have been abused, 
.should science not ponder over the ways and means of 
preventing that abuse in future? Thi.s takes us to tbe 
problem of the relation of science to society. If science 
could impart something of its objectivity to our politician 
and diplomats and administrators, who so largely make or 
mar the fortune of man on the globe, many of our pro- 
blem.s would not only be .solved but would not even arise.*' 

“The material problem for our country in tbe imme- 
diate future is not so much to reach the nmxitnnm that 
man is capable of; it is rather to reach the minimum lelow 
which no man in tbe twentieth century 'should be expected 
to live. In the midst of all the manifold plans that are 
being unfolded before us from day to day, the central fact 
remains that the standard of living in India ha.s to be 
pulled up and pulled up with an enormous concentrated 
vigour; that effort will require both good will and wealth 
but it will also require wisdom, and for this we confidently 
look forward to Indian Science. To devi.se the most econo- 
mic ways of using the resources that are already being 
tapped and of tapping the resources still untapped, and 
thus to enable us, one and all, tf> five a richer life — these 
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arc the tasks that await us aticl, I have no doubt, that they 
will be duly discharged at your hands.** 

H. E. Sir Henry Twynain, addressing the meet- 
ing, *said : 

“The present w’ar has been rightly described as a revo- 
lution rather than a war. It is a revolution which chal- 
lenges all old established outlooks, and lx)th conllicting 
ideologies of Fascism and Coniinunism have been largely 
influenced by the scientific approach. Mankind is looking 
earnestly towards a future in which sentiment and romance 
will be superseded by science and technology**. 

All of US, he added, were keenly aware of what 
had been achieved in Russia by the application of 
science and technology to countries which until 
recently were living in the bullock-cart age. Evgn 
in Central Asia, in Rokhara, and Samarkhand the 
tractor and mechanical transport had taken the place 
of the bullock-drawn plough and bullock-cart. 

Since war, the Governor went on, the pragmati- 
cal approach to the problems with which we are con- 
fronted has completely driven laissez faire from the 
field of human thought, and the conferences which 
have taken place at Dumbarton, Ilotsprings and 
elsewhere indicate the e.Ktent to which scientific 
nietlicxl is all along the line. 

“We are groping our way towards a planned economy 
nol only in the fields of agriculture and induslry but also 
in the wider field of human rclaUonsliips generally.** 

“T, for one, welcome the discarding of old shibholetlis 
and the substitution for them of new ideals ba.scd on 
l)rinciples of not .so much the greatest happiness of the 
gt latest number as the greatest material well-being of the 
greatest number.” “ 

The Governor then read a cable from Sir S. S. 
llhatnagar from Washington, regretting his inability 
to attend and hoping that the experiences gained in 
the United Kingdom and the U. S. A. by his delega- 
tion would result in rccoiiimendations likely to lead 
to great scientific developments in India. 

Prof. S. N. Bose then read the presidential 
address of Sir Santi Swarup Bhatnagar (see Science 
and Culture, January, 1945, “Science Congress Sup- 
plement”). 

HARNESSING THE DAMODAR 

“The Government of India have very much in 
tlieir mind the Tennessee Valley scheme operating in 
the U. S. A. . . The Damodar Valley is the first pro- 
ject along this line. The authority which will be in 
charge of this project after it is completed will be 
more or less modelled, as far as it may be possible, 
on the Tennessee Valley Authority.” Thus observed 

B. R. Ambedkar, presiding over the conference of 
representatives of the Central, Bengal and Bihar 
Governments, held in the first week of January at 
Calcutta to consider how best to give eflfect to the 
proposals of the Damodar River Flood Enquiry Com- 
mittee appointed last year by the Government of 


Bengal. The recommendations of the Committee that 
the rivers of India should be made the concern of 
the Central Government and that the (jovernmeut, 
while undertaking the project of damming the 
Damodar, should have a multi-purpose policy so as to 
include provision for irrigation, electrification and 
navigation found favour with Dr Ambedkar. He re- 
ferred to the improper and erroneous distinction 
between railways and waterways, as a result of 
which the railways are treated as a Central, and 
waterways as a Provincial subject, Like railways, 
the waterways in most cases flow through more than 
one province, but limitations of Provincial Autonomy 
have often prevented utili/ation of valuable water re- 
sources, as such endeavour would involve two or more 
disagreeing provinces. A province requiring electri- 
city and intending to utilize its water resources ‘can- 
not do so because the point at which, water can be 
dammed lies in another province which being agri- 
cultural does not need electricity and has no interest 
in it or money to finance the project, and would not 
allow the needy province to use the site*. Further, 
the Government’s waterways policy has so far been 
one of irrigation, but henceforward generation of 
electricity and promotion of navigation should also 
be the purpose of waterways policy. 

The Government’s intention to revise theii 
waterways policy has been somewhat reflected in 
their recent creation of a central organization called 
the Central Technical Power Board. They are further 
contemplating the creation of another to be called the 
Central Waterways, Irrigation and Navigation Com- 
mission. The Government of India, as Dr Ambedkar 
revealed, arc keen on following the example of 
T. V. A. in harnessing the Damodar river, which 
will be a co-operative undertaking in which the Centre 
and the provinces of Bihar and Bengal will be 
partners. 

At the conference the representatives discussed 
a note circulated by the Government of India about 
the procedure for collecting necessary information. 
It was suggCvSted in the note that the three Govern- 
ments should prepare an inventory of facts and 
figures in consultation with Central Government’s 
technical experts. This would then make possible 
the preparation of a preliminary memorandum setting 
out the prospects for a co-ordinated scheme for the 
multi-purpose development of the Damodar Valley. 
The Governments involved can then give necessary 
instructions to technical experts for framing a pro- 
ject. The reprevsentatives generally agreed to the 
desirability of making the Damodar scheme a multi- 
purpose project and also endorsed the lines set in the 
note, along w^hich investigations should start, repre- 
sentatives from Bengal, however, emphasizing the 
primary importance of flood control in the scheme. 
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It was decided that such investigations would start 
under Mr Man Singh, special engineer (Irrigation) 
with the Government of Bengal. 

INDUSTRIAL PANELS 

Wk learn witli satisfaction that the I>ei)artinent 
of Planning and Development will find it possible to 
bring into existence a iiuinbcr of industrial panels 
within a short time. The panels which arc cxpectcil 
to be set up soon include iron and steel (major), 
sugar, alcohol and food, and heavy chemicals, light 
chemicals and electro-chemical industries. While 
creating these panels, an to too% increase in 

the production of iron and steel, 50% in textiles and 
Too% in cement are aimed at in course of the next 
five years. The panel for iron and steel, which, it is 
understood, will include Sir P. Oiiiwala (Chairman), 
Sir J. J. Ghandy, Mr Bashir of Cawni)ore and 
Mr Parr, Steel Commissioner, will have the following 
for its terms of reference : alloy steel, special steel, 
tools steel, re-rolled i)roducts, fabricated and struc- 
tural steel, forgings, castings, tubes, tin plates, wire, 
nails and screws, nuts and bolts. Por the textile in- 
dustry, the existing Textile Board will function as 
the panel. 

Each panel will be required to report on the 
scope and extent of development and suggest 
whether the industry should be State-owned, either 
on grounds of national interest or because of the 
unwillingness of private capitalists to undertake it. 
It should further advise on the capital re(|uircd for 
development, the extent to which foreign technical 
advice may be necessary, the manner and degree of 
co-operation with foreign linns both as regards capital 
and management, the location of the industry, the 
nature of assistance required from Government in the 
form of protection duties, bounties, research grant, 
expert advice etc., the control Government should 
exercise in the case of private ownership, whether the 
industry should cater for the export market, and 
finally whether it should develop, as in Japan, on the 
cottage industry basis and if so, to what extent. 

The panels will be supplied with all possible 
factual information by the (jovernment regarding 
existing industries as well as new ones. It is under- 
stood that joint meetings of the panels will be held, 
whenever necessary, to secure co-ordination, parti- 
cularly where some connection exists between the 
processes and products of two or more industries. 

INSTITUTE OF FERMENTATION TECHNOLOGY 

Thk Journal of Scientific and Industrial Research, 
in its December (1941) i^sue, made a .strong plea for 
the establishment of the Ir.sti^^ute of Fermentation 
Technology, now under contemplation. One of the 


primary objects of the Institute will be in the train- 
ing of fermentation technologists and industrial micro- 
biologists capable of undertaking research and devel- 
opment work and ultimately taking charge of indus- 
trial operations. The existing indu.stries are in need 
of a large number of fermentation specialists whose 
demand will steadily grow with the expansion of the 
industry. Similarly the pharmaceutical and food in- 
dustries which are now being established will require 
the services of industrial microbiologists for whose 
training facilities are now almost non-existent. 
According to an estimate, several industrial organiza- 
tions of the country can at present absorb some 250 
such specialists with advantage. The Fermentation 
Technology Section of the Indian Institute of 
vScience, however, trains up .specialists of this type ; 
but in view of its limited facilities it is unable I0 
cope with the great demand which can alone be met 
by an institute of the type now contemplated. In 
addition to the training of fermentation specialists, 
the Institute should have to undertake study and re- 
search on the fundamental aspects of fermentation 
biochemistry and microbiology. It is further sug- 
gested that the Institute should also be ])rovided with 
a chemical engineering laboratory and a pilot plant 
house. 

The Council of Scientific and Industrial Keseaivli 
have encouraged .‘‘tudy of industrial fermentations 
from its vc^ry inception and also allotted funds, earlv 
in 1910, for the organization and maintenance of 11 
Xational Collection of Type Cultures at the Indian 
Institute of vScieiice, Bangalore. They also consti 
tuted a research Committee to attend to all scienlirK 
(|uestions connected with fermentation processes. 

The Institute of Fernientalion Technology, when 
it comes into existence, will provide a great filli]) 
the fermentation industries in India. Only two such 
industries, namely Ihe brewing and the distillalinn 
iiiduslrics, i)roducing alcoholic beverages and indus- 
trial alcohol respectively, have so far been established, 
which arc far from meeting the demands of Indian 
market, either in quantity or in quality. Alcoholic 
beverages worth 2 5 crores of rupees are annually 
imported to this country, while we have to largely 
supplement indigenous production of industrial al- 
cohol with supplies from Australia and Smith Africa. 
This is a ixiinter to the great possibilities and pros- 
pects of these industries in India. In Europe and 
America, fermentation industries which provide in- 
dustrial solvents, organic acids, vitamins and 
vitamin concentrates, yeast and protein foods, peni- 
cillin-like drugs and a large number of other commer- 
cially valuable chemicals have come to assume a 
unique place in their industrial structure. We hope 
that the question of an early establishment of the 
Institute will receive the. n^ost urgent consideration 
of the Government of India. 
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COSMIC RAY EXPEDITION TO THE PAMIR 

According to Science, October 13, iQ 44 > an 
expedition of a group of scientists from the Lebedev 
Institute of Physics of the U.S.S.R. Academy of 
vSciences, under the direction of Professor 1 ). V. 
Smobeltsyn, has recently been led to the Pamir 
Mountains to study cosmic rays at high altitude. The 
expedition was sponsored to continue studies that had 
been carried on for several years at the Atomic 
Nucleus Laboratory on Mount IJlbrus, the highest 
mountain in the Caucasus. Located in vSoiithcrn 
Russia, the I’amir Mountains extend both into 
Afganistan and India, 'fhe principal investigations 
of these scientists will include the study of the com- 
position of cosmic radiation at high altitudes and of 
the role played by lieavy i)articles and secondary 
mesons. The expedition will make use of a perfected 
proportional counter telescope and improved methods 
developed in the Atomic Nucleus T.aboralory. 

METEORITE EXHIBITION IN MOSCOW 

A REPcwr of Sky and Telescope, prepared from a 
cablegram received from the Soviet Scientists Anli- 
I'ascist Committee, informs that a permanent meteo- 
lile exhibition has been opened in the Karpinska 
(•e(dogical Museum, jMoscow. The meteorite collec- 
lioiis of the Academy of vSciences, consisting of more 
llian 1,200 specimens obtained from some 200 meteo- 
rites which have fallen both within and outside 
Russia, have been exhibited, I'lic exhibits include 
the TO largest of the meteorites, of which the pallasite 
iron specimen weighing lunvards of half a ton was 
found in 1734 on the banks of the river Yenisei in 
Siberia. There is also on display the Kfiinzas meteo- 
rite, the largest of about 20 stones which were found 
after the meteorite sluTwer of vSepteinber 13, 1037. If 
weighs 102*5 kilograms, while the smallest stone of 
this shower weighs 7 kilograms. The largest iron 
meteorite in the world — two pieces, one weighing igg 
kilograms and the other 58 kilograms, arc also ex- 
hibited. Small specimens illustrating the shapes of 
meteorites and types of crusts and surfaces are ex- 
hibited in a special case. Particular interest attaches 
to the matcorite's steanilined shape resulting from 
the melting and flowing of its forward sur- 
face as it collides with the resisting atmosphere. 
This has been illustrated in the case of Karakul stone 
meteorite which fell on May g, 1S40, in Seinipalatinsk 
province, and in the Repeyev Khutor iron which fell 
on August 8, TQ33, in the vStalingrad region. The 
meteorite structure and composition constitute the 
attraction of another case. About too stones with a 
total weight of 65 kilograms wwe found after a 
shower in the Ivanov region on December 26, 1933- 
These exhibits are associated with tables showing the 
chemical and minerological compositions and with 


diagrammes, illustrating the process by which meteo- 
rites break up into showers by atmospheric friction. 

WARDHA BASIC EDUCATION CONFERENCE 

A I'OUR-DAY conference of educationists, pro- 
fessors and teachers w^as held at Sewagram, Wardha- 
gatij, under the presidentship of Dr Zakir Hussain, 
to review the progress made in the past years in the 
experiment on basic education in various provinces 
and states of India, and recommend future course of 
action. The scheme of basic education which seeks 
to educate the young boys and girls of ages between 
7 and 14 through craft and manual labour and 
mother tongue startetl in 1937 through the institution 
of Hindusthani Talimi vSangh. I'lie main feature of 
this education is that the students are simultaneously 
refill i red to take up profit-yielding vocation to enable 
them to pay for their dues through the products of 
their labour. This serves, according to the promo- 
tors of the scheme, the useful purpose of developing 
the •whole man through the vocation learnt at the 
school. The conference expressed satisfaction at the 
progress made in the basic education experiments 
and recommended that the Hindusthani Talimi 
Sangh should give full consideration to the question 
of undertaking both pre-basic and post -basic educa- 
tion in c)rder to make the scheme of ])a.sic education 
conijilete in itself and much wider in scope. It re- 
commended that the vSangh should appoint a com- 
mittee to draw up a scheme f)f i)re-basic education 
for boys and girls below 7 years of age, which will 
serve as foundation for basic education. In its re- 
commendations for i)ost-basic education, the confer- 
ence drcTV attention to the urgency of (i) drafting a 
suitable syllabus for part-time continuation of courses 
for those intending to live a fuller life and ac(|uire 
further proficiency in their craft, and (2) devising a 
iliversified system of institutions to provide whole 
time education for various aptitude types, keeping in 
view the needs of national life. The conference was 
of opinion that educational institutions in the 
villages should produce articles which are useful and 
at the .same time of true educational value in order 
to enable the adult pupil to earn wages enough to 
defray his cost of education. This implies that the 
economic order of the country will have to be simul- 
taneously revolutionized so as to make possible an 
all-round increase of wages. The primary object of 
production should be internal self-sufficiency of the 
nation, and, to achieve this, technical research should 
!)e undertaken to make decentralized and small-scale 
production economically successful. 

HYDRO-ELECTRIC PROGRESS IN CANADA 

Can.vda has, during the last few years, made a 
gigantic stride towards developing hydro-electric 
l)0wer whose utilization has given her a status as an 
industrialized country, hitherto unknown in her his- 
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tory. According to a review of her hydro-electric 
progress in the Beama Journal (June, 1944 ) i we learn 
that Canada’s total installation stood at 10,214,513 li*P* 
at January i, 1944. F'or Canada’s total of 11,812,000 
(June I, 1943), this amounts to an average installation 
of about 865 h.p. per 1000 population. And yet this 
development accounts for only 20 per cent of the 
country’s estimated water power resources, leaving 
So per cent, for future development as demand 
increases. Distribution of power installations is 
mainly indicated under three headings, e.g., central 
electric stations, pulp and paper mills and other 
industries. Central electric stations which account 
for 9,221,599 h.p., or 90*3 per cent, of the total hydel 
installation represent the power developed for the 
sale of electricity to meet general, industrial, 
commercial, municipal, domestic and agricultural 
demands. More than 08*5 per cent, of all electricity 
produced for sale in Canada or for export to the 
United States is generated from water power. 

Pulp and paper industry comes next as an im- 
portant consumer of electricity. The industry has an 
aggregate hydraulic installation of 642,576 h.p. or 
6*3 per cent, of the total. The industry further pro- 
vides the greatest individual peace-time market for 
the power produced by the central electric stations. 
Canada is a leading newsprint manufacturing country, 
her production of newsprint being 3 times that of the 
U.S.A. and constituting about 72' i per cent, of the 
total North American production (1942). The great 
consumption of electricity by the industry will be 
realized from the fact that a mechanical power 
installation of nearly roo h.p. is required per ton out- 
put of newsprint. 95 per cent, of the power used by 
the industry is hydro-electric. 

The remaining 350i3.38 h.p., or 3 4 per cent, of 
the total hydraulic installation account for mineral 
industries, electro-chemical plants, electric railway 
plants, and the large number of saw, grist, and grind- 
ing mills and other manufacturing industries. 
Although some mining and metallurgical industries 
have their own inslallation.s, the.se industries generally 
use power supplied by the hydro-electric central 
.stations owing to the low cost and dependability of 
their power. More than 80 per cent, of the power 
reciuirements of her metal mining and metallurgical 
industries is met by purchased electricity. Canada 
leads the world in the production of several metals, 
such as a.sbeslos, nickel, platinum and probably 
radium ; she is the second largest producer of gold 
and comes third in the production of silver, copper 
and zinc and fourth in lead. Canada’s abundant 
water power resources make available power at a cost 
which permits 0: ccconomic mining of laige quanti- 
ties* of comparatively low-grade ore and the applica- 
tion of large-scale clejtio-inetallurgical processes for 
the recovery of the meta's. 


TECHNICAL INSTITUTES AND POST-WAR DEVELOP- 
MENT OF INDUSTRY 

‘The place of the Technical Institutions in the 
Schemes for Post-War Development of Industry in 
India’ formed the subject of the presidential address 
of Mr R. A. MacGregor, the retiring president of 
the Mining, Geological and Metallurgical Institute 
of India, at its thirty-ninth annual general meeting 
held in the rooms of the Royal Asiatic Society of 
Bengal on January 12, 1945- 

He explained that the Government of India, 
through the Department of Scientific and Industrial 
Research, had made a grant of a crorc of rupees, 
supplemented by a considerable sum from private 
sources, for the establishment of a number of research 
laboratories throughout India. The ones most parti- 
cularly interesting to the Institute were the National 
Metallurgical Research Laboratory at Jamshedpur 
and the Kuel Research Station at Dhanbad. He 
vSUggested that the same arrangement holding good in 
U. K. and U. S. A. should be adopted in India. The 
results of research work issuing from the National 
I^aboratories should be presented to technical institu- 
tions throughout India. In this way the greatest 
publicity would be obtained for the work done, and 
mutual advantages would accrue to the research 
workers as well as the industrialists. 

Unfortunately, in India, the technical institutions 
have not yet grown to such a size that they can afford 
to run their business on anything but voluntary lines, 
and, as a consequence, there are distinct signs of lack 
of continuity of policy. Therefore, in view of the 
advantages to be gained by the research laboratorie.s 
and the country as a v liolc, it was suggested that the 
D. S. I. R. should ai)point permanent secretaries in 
the Delhi, Calcutta, Madras and Bombay areas, wdiu 
Avould carry out the routine w'ork of Government re- 
cognized technical institutions in their areas. Pct- 
manent secretaries of this nature would ensure con- 
tinuity of policy and would act as liaison officers 
between the research laboratories and the technical 
institutions. The i)rofe.ssional status of the institu- 
tions should, however, remain as heretofore. It was 
pointed out that the rise of modern industrialization 
in the West could be traced very largely to the Britisli 
Royal Society founded in 1663. From the Royal 
Society many highly .specialized technical institutions 
have branched off in succeeding years, but over tlie 
last thirty years there is a decided tendency, both in 
U. K. and U. S. A., for the specialized institutions to 
link together again. The reason for this is that tlic 
interests of all branches of engineering are over- 
lapping more and more, as a higher state of develop- 
ment is reached. 

ll'c beginning of hei' drive towards indus- 
trialization, India now has a unique * opxjortunity of 
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linking tier research organizations and technical 
institutions and so of bringing about that desirable 
state wherein the course of research is guided into 
channels of greatCvSt value to the new industries. 
Further, industry has every opportunity of correctly 
informing itself on current scientific development. 
Not the least of the advantages to be gained from 
this linkage is the kind of post-graduate education 
of the student members who will have the chance of 
hearing, or joining in discussions between the re- 
search-worker and the mature professional engineer. 

The new Council was elected at the meeting, 
and following arc the office-bearers for the ensuing 
year : President : Mr li. Wilson Heigh ; Vice- 
Presidents : Mr L. J. Barraclough, Dr H. Crookshank 
and Mr B. Sen ; Honorary Treasurer: Dr H. Crook- 
sliank ; Honorary Editor : Mr E. J. Bradshaw ; 
Honorary Secretary : Mr A. Reid ; Local Secretaries 
of branches : Dr C. Forrester, Dhanbad Centre ; Mr 
J. H. Paterson, Asansol Centre ; Dr J. Sanjana, Jam- 
shedpur Centre ; and Mr T. A. Wcllstcd, C. P. 
Branch. 

POLLEN BANK 

Aj the 2.1th annual meeting of the Indian Botani- 
cal .Society held at Nagpur on January 3, 1945, 
Dr P. Maheshwari, Vice-President of the .Society, 
in delivering his presidential address entitled '‘The 
Place of Angiosperm Embryology in Research and 
Teaching**, referred to the development of embryo- 
logy as an experimental science during the last two 
decades. This branch of .science includes the study 
of such problems as the storage of [wdleii and its 
germination, the receptivity of the stigma, fertiliza- 
tion and fruit-setting, and the optimum conditions 
required for tliis. 

He envisaged the possibility of opening one more 
“Pollen Bank** in each country where pollen of al- 
most every important plant of economic value could 
be stored under optimum conditions and supplied to 
recognized workers, free of, or on a moderate charge. 
It is said that the Arabs put aside the pollen of date 
palm from year to year so as U) ensure a supply of 
dates even in the possible event of the male flowers 
failing to develop or the female flowers developing 
precociously. 

Experimental embryology is full of promise ; for 
a scientific explanation of his successes and failures, 
the breeder must turn to the cytologist and embryo- 
logist. The work on the effect of X-rays, heat, 
chemicals etc. on the artificial induction of mutations 
Is still in its infancy, but it opens up vast possibilities 
before us. “Hear the breeder, the cytologist, the 
embryologist and the ph3rsiologist must all join hands, 
so that not only do we get the maximum results from 
what we have but we may evolve new and still better 


varieties of plants and add to the health and hai)pi- 
ness of the world.** 

The following were elected to the various offices 
for the year 1945 : President — Dr N. L. Bor. Vice- 
Presidents— Proi, H. Chaudhuri, Dr B. P. Pal. 
Secretary — Dr S. N. Das Gupta. Treasurer and 
Business Manager — Dr A. C. Joshi. Elected Members 
of the Ex, Council — Dr P. L. Anand, Prof. F. R. 
Bharucha, Prof. ]\I. O. P. Iyengar, Dr T. S. .Maha- 
bale. Prof. G. P. Mazumder, Prof. R. L. Nirula, 
Dr P. Parija, Dr T. S. Raghavan, Prof. h. N. Rao, 
Prof. M. Sayeed-ud-din. Editorial Board — Prof. S. 

P. Agharkar, Prof. H. Chaudliuri, Dr S. N. Das 
Gupta, Prof. ^ 1 . O. P. lyenger {Editor-in-Chief), 
Dr A. C. Joshi, Dr P. Maheshwari, Prof. G. P. 
Majumder.' 

NEW DIRECTOR OF INDUSTRIES, BENGAL 

Dr ah Karim, Ph.D., D.I.C., A.I.C., A.M.I. 
Chcm.E., whose appointment as the Acting Director 
of Industries, Bengal, has been recently announced, 
has a remarkable career. A graduate in science 
of the Calcutta University, he went to Phigland in 
1923, after receiving a Government scholarship, to 
prosecute higher studies in the Department of Chemi- 
cal Technology of the Imperial College of Science 
and Technology, London. He carried on research in 
oils and fats, in theoretical and practical fuel techno- 
logy and in chemical engineering. The London 
University conferred on him the Ph.D. degree in 
Chemical Technology. On his return to India in 
T927, Ih: Karim was ai>pointed Chief Works Chemist 
in the Shaliiiiar Paint, Colour and Varnish Works. 

i933i be again proceeded to England for a further 
period of 3 years to conduct research on lac and 
allied products in a scheme sponsored by the 
Imperial Council of Agricultural Research, Govern- 
ment of India, and worked in the British Paint 
Research Station at Teddington. In 1937, after his 
return from England, lie was appointed Deputy 
Director of Industries and Industrial Engineer, 
Bengal. We wish him a successful career in his new 
post. 

LADY TATA MEMORIAL TRUST RESEARCH 
SCHOLARSHIPS FOR 1945-46 

Thk Trustees of the Lady Tata Memorial Trust 
are offering eight Scientific Research Scholarships of 
Rs. 150/- each per month for the year 1945-46, com- 
mcjicing from ist July 1945* Applicants must be of 
Indian Nationality and Graduates in Medicine or 
Science of a recognized University. The subject of 
scientific investigation must have a hearing, either 
directly or indirectly, on the alleviation of human 
suffering from disease. Applications must reach by 
March 15, 1945. Further particulars can be had from 
the Secretary of the Trust, Bombay House, Bruce 
Street, Fort, Bombay. 
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SUGAR-BEET EXPERIMENTS IN RUSSIA 

In a recent issue of Discovery, Prof. Valentine 
Ditiakiu has briefly reviewed the experiments con- 
ducted in the U. S. S. R. on the cultivation of sugar- 
beet in the northern latitudes. Although the southern 
regions of the U. S. S. K. constitute the basic sugar- 
beet areas, attempts have been made to push the beet 
cultivation increasingly to the northern regions with 
conspicuous success. One hundred' and fifty years 
ago, it was difficult to produce beet with 6 per cent 
sugar content ; beets with sugar content of about 20 
per cent have now been produced in Archangel, 
Vologda, Leningrad and ^lolotov and the Sverdlosk 
regions, the yields per acre averaging from 20 to 28 
tons. The yield, however, declines beyond the Arctic 
circle, and at Karyanmar, at the mouth of the 
Pechora River, yields of 6 tons per acre have been 
obtiiiiied, while in the Snoloversk Islands (Lat. 65®N), 
there was no difficulty in raising an yield of 18 
tons per acre with 17 per cent vSUgar content. The 
Tula and Ryazan regions arc, however^ regarded as 
the northernmost limit of the sugar-beet areas, as its 
successful cultivation requires 5 frostless months. 

The results of investigations indicate that special 
importance attaches to timely planting. Monthly 
sowing, although it involves arduous labour, is re- 
commended mainly for the northernmost districts and 
small gardens. In the north, beet grows and sugar 
continues to accumulate till October ist, and as such 
the crop may be safely harvested early in October, 
as it does not sustain any loss due to the incidence of 
early cold. Timely planting is particularly important 
in the case of spring crop, since even a small delay 
may appreciably affect the yield. It has been observed 
that a delay in planting by 20 days may lead to a 
decline in yield by t‘6 to 1*8 tons per acre. 

Constant digging of the soil between the rows 
to keep it mellow during summer is calculated to 
maintain the high level of sugar content in beet. The 
northern soils are generally poor and acidic and a.s 
such favourably responds to organic fertilizers and 
lime treatment. An increase in the yield by i'6 to 
2‘4 tons per acre results from the application of 
manure (8 to 16 tons per acre), and treatment with 
Hme frequently doubles the return. The mineral fer- 
tilizers have been employed with great advantage, 
sub-feeding with nitrate fertilizers, which increases 
the yield from 1*2 to 2 tons per acre, has been found 
Xq be the most effective. 


INFRA-RED LAMPS IN INDUSTRY 

The a[)plication of infra-red lamps for heat treat- 
ment in industry is a very recent development. The 
experts are inclined to attach great importance to this 
new application which has remarkably speeded up 
industrial heating. The disadvantages of convection 
heating employed for paint drying and other indus- 
trial processes are well-known, the chief of which 
consists in its having an unusually long drying time. 
For paint drying, for instance, the stoving time often 
extends to an hour or more. In marked contrast to 
this, heat treatment with infra-red lamps has reduced 
this time to a few minutes. Owing to its great gain 
in speed, the new process of radiant heating has now 
been employed for drying paints and varnishes, 
foundry moulds, and powders used for plastics, and 
also for the softening of plastic sheet with great ad- 
vantage. This, liowever, does not exhaust the list of 
its applications, which is steadily growing. 

Resembling tungsten filament lighting lamps in 
appearance, the infra-red lamps differ in construction 
and operate at a lower filament tenipeTaturc so that 
the maximum energy may lie in the infra-rod part of 
the si)ectrum. An efficient source of radiant heat, the 
lamp has a small filament and contains inert gas 
which protects the filament and also reduces the con- 
vection loss. The lamps are provided with reflectors 
of infra-red rays, w’^ose design and construction 
deserve mention. Originally, lamps used to be in- 
dividually provided with round reflectors plated with 
pure gold which reflects infra-red rays with great 
efficiency. The individual reflectors have now been 
rc])laced by trough reflectors which permit of closer 
lamp spacing with the consequent increase in heat- 
ing intensity. Further, trough reflectors arc now 
plated with rhodium instead of with gold, — an iin- 
provenicnt which has the advantage that, compared 
to gold, rhodium is a hard metal highly resistant to 
wear and abrasion. 

One type of the paint-drying unit manufactured 
by the G. E. C. consists of six trough reflectors, each 
having 9 Osram infra-red lamps, with a total con- 
sumption power of i3‘5 kW. Another much larger 
infra-red heating plant designed for drying paint in- 
side and outside petrol containers by the same manu- 
facturer employs more than 2000 lamps and operates 
on a total load of 450 kW. The Osram infra-red 
industrial lamps are rated at 250 watts. 

In radiant heating, the ^iticle absorbs energy at 
or immediately beneath the surface receiving heat. 
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and consequently surface conditions greatly deter- 
mine the temperature to be attained by the article. 
The conductivity of the material of which the article 
is made also has a part to play in the attainment of 
temperature. Maximum temperatures of the order of 
6oo®F are easily attainable by metal articles in a few 
minutes in the new i)roccss employing infra-red lamps. 
With convection heating, on the other hand, the 
articles may even fail to reach the maximum oven 
temperature at all, not to speak of the comparatively 
long heating time involved in the process. 

As already mentioned, the various industrial 
applications of infra-red lamps include paint drying, 
coil drying, drying foundry moulds, softening 
plastics, accelerating setting of adhesives and many 
others. Paint drying, however, represents by far 
the most important application of radiant heating. 
The drying time depends on the nature of the article 
and of the paint used, but in all cases, with infra- 
red heating, ten minutes are regarded as a long time, 
many paints drying up in less than a minute or two. 
Reversible paints, such as spirit varnishes and cellu- 
lose derivatives where the solvent vaporizes, dry up 
relatively (luickly. Irreversible paints, including 
synthetic resiti, which undergo chemical reactions 
during drying, may rc<iuire a slightly longer lime. 

Coil used for electrical appliances, such as small 
transformers and motors, require to be coated with 
insulating varnishes which may be advantageously 
dried with infra-red lamps. Drying time for such var- 
nishes necessitating a maximum temperature of about 
300®F is greater than that for paint drying. Rut 
whereas a full day may be needed in processes em- 
ploying convection healing, infra-red heating requires 
only 2 to 3 hours. 

Various methods, including convection ovens and 
gas torches, are available for drying sand moulds for 
metal castings. While some are slow, others re- 
quire skill on the part of the operator. Infra-red 
heating may be particularly recommended for such 
moulds as require surface heating and possess a con- 
figuration favourable for direct irradiation. The 
drying time ranges from 5 to 45 minutes, depending 
on the nature of sand, its moisture content etc. 

Plastics, such as bakclite, perspex and cellulose 
acetate, require to be softened by heating before 
moulding and punching and lend themselves to infra- 
red heating which does the job within a half to a few 
minutes. Radiant heat has been applied with great 
advantage in drying synthetic glues used in the pre- 
fabrication of wooden assemblies in the aircraft and 
furniture industries. By raising the temperature of 
the glue line to i6o^F, drying may be effected in 


about 15 rtiinutes compared to 5 to 6 hours for the 
glue to set at room temperature. 

Numerous as the applications of infra-red indus- 
trial lamps are — and many more are being added to 
almost daily — it must not be supposed that radiant 
heating lends itself to all problems of healing, for 
which better processes indeed exist. {References: 
Discovery, September, 1944 ; Beama Journal, June, 

1944). 

S. JV. .V. 

PARIS GREEN 

Thu two Russian cliemists, (t.P. Luchinskii and 
V. F. Churilkina, (Russian J. Appl. Chem., 13, 367) 
have recently devised a method of preparing Paris 
green, the important insecticide and also known as 
Schweinfurth green, which has l>een abstracted in 
The Chemical Age, September 23, 1944. The insec- 
ticide is now prepared by dissolving white arsenic in 
soda lye and then mixing the solution with acetic acid 
and coi)per sulphate. This process involves the waste 
of whole of the soda employed in the form of sodium 
sulphate. No such waste takes place in the method 
evolved by the Russian chemists, which is reported 
to have passed the pilot-plant stage. 

In the new process the starting chemicals arc 
acetic acid, copper oxide and arsenic trioxide, and 
the reaction takes place according to the equation : 
4 Cu() + 3As/)3 4-2 CH, C00H=-3 Cu (AsOJ^. Cu 
(CH2C02)2. Theoretically, 1000 parts of Paris green 
are obtained from 314 parts of copper oxide, 586 parts 
of arsenic trioxide, and 118 parts of acetic acid. In 
practice, 236 parts of glacial acetic acid are mixed with 
2800 parts of water in a pot provided with a reflux. 
314 parts of copper oxide arc added and the mixture 
is heated to boiling. 586 parts of finely ground 
arsenic trioxide arc introduced into the boiling liquid 
and the mixture is continuously stirred. Cooking 
takes place for about 2 hours, after which the mixture 
is cooled for one hour and then filtered. The filtrate 
contains some copper and arsenic which should be 
taken into consideration when the filtrate, after 
addition of more acetic acid, is used for further pre- 
paration. The crude paste thus obtained is washed 
and finally dried when Paris green is obtained. 

It is suggested that copper oxide should be pre- 
pared by heating copper powder in air at a temperature 
below 300^C. It is further observed that copper oxide 
prepared at a higher temperature is not sufficiently 
active. The oxide must not, however, be made by 
allowing an alkali to react with copper sulphate, as it 
would defeat the very purpose for which the sulphate 
has been replaced by the oxide. 



340 SCIENCE AND CULTURE Vol. X, No. 8 

SODIUM CHLORITE AS A REAGENT FOR THE ESTIMATION OF CELLULOSE 

P. B. SARKAR and H. CHATTURJEE, 

INDIAN CKNTRAJ:, JUTB COMMime^ TOUVGUNGE, CALCUTTA 


^HREE different methods are commonly employed 

for the estimation of cellulose in plant materials, 
namely, Cross and Kevan*s, Schmidt’s, and Norman 
and Jenkins’s. None yields ‘pure’ (‘true’ or a-) cellu- 
lose, — the product in each case being associated with 
varying amounts of hemicelluloscs, including uronic 
anhydrides and pectin. Highest yield of cellulose is 
obtained by the ClOj method of Schmidt ; Norman and 
Jenkins’ method comes next, and Cross and Sevan’s 
method last — so far as yield of cellulose is concerned 
(vide Table II). The amount of a -cellulose (calcu- 
lated on the raw material) prepared from the latter 
two celluloses is, however, practically the same, 
showing that the resistant or a -cellulose portion of 
the cellulose is not affected by the reagents employed. 
That from Cross and Bevan’s method is somewhat 
lower. 

The composition and structure of the hemicellu- 
loses are not yet definitely known ; far less definite is 
our knowledge regarding their mode of combination, 
if any, with pure cellulose. In recent years, xylan 
(and in some cases, also mannan, etc.) has been con.si- 
dered by Norman and others as an ‘integral part’ of 
true cellulose on account of the difficulty of their isola- 
tion, while polyuronides are regarded as incrustants, 
like lignin. Norman and Jenkins^ designate xylan 
and other polysaccharides intimately as.sociated with 
true cellulose as ‘cellulosan’. Their method of esti- 
mating cellulose is apparently ba.sed on the removal 
of lignin and polyuronides from plant materials, 
what is left behind is believed to consist of true 
cellulose and cellulosan. From their results, it is 
found that very few samples of isolated cellulose 
(from straw and wood) were completely free from 
lignin. No figure for CO2 is given for any of the 
celluloses isolated by their method. Thus it is not 
possible to say how much, if any, of the uronic anhy- 
drides still remained associated with the celluloses. 
Iweii a mild alkali treatment, hot or cold, removes a 
portion of the hemicelluloses (including polyuronides). 
The figure for Cross and Bevan’s cellulose is gene- 
rally low, mainly on acebunt of the pre-treatment 
with I % boiling NaOH, and partly due to the strong 
oxidi/.ing action of moist chlorine on cellulose. Boil- 
ing with 3% NajSOa solution (which is alkaline) also 
removes some of the hemicelluloses. This is common 
to Cross and Bevan’s as well as Norman and Jenkins’ 
methods. 

The C10» method of Schmidt (in modified form) 
is better in that it gives a much higher yield of cellu- 
lose, most of the hemicelluloses remaining intact. But 

‘ Blochem. /.. 27. 818, 193.3. 


the oxidizing action of ClOa for a prolonged period 
affects the cellulose to some extent. This is evident 
from the high loss the cellulose suffers in an alkaline 
boil as well as from its high copper number. Further- 
more, some other constituents besides lignin are re- 
moved during the estimation inasmuch as the figures 
for cellulose and lignin never make 100 but fall short 
by about 5 in the case of jute. 

In view of our incomplete knowledge regarding 
the mode of association of the hemicelluloses (in- 
cluding polyuronides) with the true cellulose in plant 
materials, it would appear more rational to regard all 
polysaccharides (i.e., pentosans and hexosans) and 
polyuronides as jointly comprising ‘total cellulose’ 
(and in the case of fibrous materials, ‘fibre cellulose’) 
than to include ‘cellulosans’ alone. Besides fat and 
wax, traces of mineral and colouring matters, plant 
materials may then be considered broadly to consist 
of total cellulose and lignin. The ideal method of 
estimation of cellulose should aim at the complete 
removal of lignin without affecting the other portion 
in any way. In such a case, the percentage figures 
for lignin and total cellulose should make 100 (within 
limits of experimental error), and, also the cellulose 
should have a low solubility in alkali and have a small 
copper number. None of the current methods gives 
such a result. We have tried all these in the case of 
jute and examined the cellulose obtained by each 
method. The polyuronides are removed to a larger 
extent by Norman ^nd Jenkins’ method (as will 
appear from the CO2 values in Table II), no doubt, 
but a fairly large portion (nearly 50%) still remains 
with the cellulo.se. From the CO^ value of raw jute, 
it is found that jute fibre contains 5*20% of uronic 
anhydride. The particular sample (a very good white 
jute, free from bark and speck) under investigation 
has ir8o% of lignin and 5*20% uronic anhydrides. 
The figure for Norman and Jenkins’ cellulose (it was 
completely free from lignin) being 77 * 77 %, it would 

5*20 

appear that 7‘83%, that is, ioo-(77‘77 + ii'8o+-^-^, 

of the hetiiicelluloses (other than uronic anhydrides) 
or ‘cellulosans’ of Norman and Jenkins have dis- 
appeared. So far as jute is concerned, the method 
seems unsuitable ; some poly-saccharides as well as 
some polyuronides are lost* though the removal of 
lignin is complete, differing from most straws ami 
woods examined by the authors. The above calcula- 
tions are based on the facts that (i) uronic anhydrides 
alone yield CO, pn boiling with i8% HCl but not 

• Presumably daring the trealnwnt with 3% boiling 
sodium sulphite solution which is alkaline. 
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])olysaccharides, («) the yield of CO, is quaniitalive 
unlike that of furfural (which is derived from uronic 
anhydrides as well as pentosans), (Hi) lignin gives 
only a little CO2 (about 1*5%) which may be neglected 
in view of the small p.c. present in jute. 

Sodium chlorite has been found to be an ex- 
cellent reagent for the estimation of cellulose in jute 
fibre. Previous work in this laboratory has shown 
that jute can be bleached to full white with NaClOj 
under suitable conditions with very small damage to 
the cellulose. Jute yarn bleached with NaClOj main- 
tained as much as 70% of the wet strength while that 
bleached with CIO2, had practically no strength when 
tested wet. The lignin content of the bleached yarn 
was extremely low (1*3%) while the fibrous structure 
remained intact. This at once suggested that henii- 
cclluloses which are the real binding material for the 
tiny, ultimate cells of jute, are not removed or 
materially affected by NaClOj during the separation 
of lignin. One could, therefore, employ this reagent 
for the estimation of total cellulose in jute. This has 
been done under different conditions and the results 
obtained arc described here. 

Preliminary experiments have shown that in 
presence of fat and wax, jute fibre cannot be bleached 
fully— a pale yellow colour persists up to the end. 
Defatted jute (extracted with alcohol-benzene mixture) 
on the other hand is readily bleached white. So, in 
all our experiments on delignification, we have used 
solvent-extracted fibre. By trial, it has also been 
found that 60® — 70®C is the most suitable temperature 
for the removal of lignin from jute without degrading 
the cellulose. At boiling water-bath temperature, the 
reaction is more vigorous ; the yarn is bleached more 
iluickly but it suffers appreciable loss in strength, 
and degradation of the cellulose probably takes 
place. jSTaClOa liberates ClOa rapidly and is 
quickly spent at ioo°C. So this temperature was 
avoided. At room temperature the reaction is very 
slow and hence unsuitable for practical purposes. 
Then again, neutral or alkaline NaClOa solution is 
no good for bleaching jute. Slightly acid solution is 
the most effective. We have found pK 4-5 to be 
the most suitable for estimating cellulose. It has 
further been observed that a weak acid such as acetic 
acid when used to lower the pK of the chlorite solu- 
tion (our NaClOa solution was always alkaline— -as 
we prepared it by passing ClOj gas into NaOH solu- 
tion) gives much better results than strong mineral 
acids e.g., HaS04. So we have always used glacial 
acetic acid to bring the chlorite solution to the re- 
quired pH, From table I, it would be seen that the 
strength of sodium chlorite required for complete 
delignification is fairly high, that is, 3*5% and above. 
There is nothing objectionable in it provided such 
treatment does not affect constituents other than 


lignin. From the analytical data, it will be seen that 
the cellulose obtained with the fairly high concentra- 
tion of chlorite is not appreciably degraded. Four 
hours have been found to be just sufficient for com- 
plete separation of lignin from the fibre ; a shorter 
exposure under otherwise optimum conditions usually 
leaves some residual lignin in the fibre. 

The New Method : 2 gms. of finely gut and 

defatted fibre were taken in a conical flask (200 c.c.) 
of the NaClOa solution of pH 4 — 5 (using acetic acid 
to lower the />H) and known strength were added. 
The fibres were spread out into the liquid with a glass 
rod and the whole placed on a water-bath maintained 
at 6 o® “7o^C for 4 hours, with occasional stirring 
with a glass rod. An air condenser was placed on 
the conical flask. After four hours, the contents of the 
flavSk were filtered through a Jena glass filter (1G3), 
thoroughly washed with cold water until free from 
chlorite (starch-iodide paper moistened with acetic 
acid turns blue with NaClOa). The fibre was next 
antichlorcd with a 3% solution of NaHSOa and again 
washed thoroughly. The crucible was dried on a 
water-bath under reduced pressure (u.sing a water 
pump and finally, Cenco pump), for when heated at 
105O in air, the cellulose turns light yellow. The 
crucible was kept overnight over HaS04 under vacuum 
and weighed. The heating was continued until the 
weight was constant. 

The cellulose obtained is milky white in the first 
four cases (Table T) using 3*5 to 5*2% NaClOg. The 
residual lignin was estimated in the cellulose by 
72% II2SO4 method after preliminary boiling for i 
hour with 5% IT2SO4, following Norman and Jen- 
kins’ procedure.’ In the first four cases the small 
residue left after the dissolution of cellulose with 72% 
H2SO4 w^as not lignin (for it was not di.ssolvcd by 
CIO2 solution) but cuticle (scales w'cre visible to the 
naked eye). For each estimation, duplicate experi- 
ments were made. The mean values are given be- 
low. Sodium chlorite was estimated by adding excess 


TABbR I 


Kxpt. 

No. 

% Strength of 

% Fibre cellulose 

% Residual lignin 

sodium 

(calculated 011 

(calculated on 

chlorite 

dry raw jute) 

fibre cellulose) 

1 

52 

88 02 

0-20 

2 

4-5 

88-93 

0-42 

3 

40 

89- 16 

0-38 

4 

3-5 

90 03 

0-60 

5 

30 

92 90 

204 

6 

25 

93-62 

250 

7 

20 

95-41 

4-51 


of KI to the acidified solution, apd then titrating 
with thiosulphate the Ta liberated. 


• Biochem. J„ 28, 2147, 1934. 
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The sample of jute used in these experiments 
has a lignin content of ii‘8o%. 

Cellulose has been prepared by the three current 
methods, and the new method, from the same sample 
of jute strictly following the recommended proce- 
dures in each case. Tlic celluloses thus obtained 
have been analysed for their quality in the usual 
manner, llie results are .shown in Table II. The 
distillate from pure glucose or < -cellulose with 12% 
llCl gave a ppt. with phloroglucinol, in all proba- 
bility, due to hydroxytnethylfurfural from hexoses. 
This was almost wholly soluble in 95% hot alcohol. 
So in the estimation of furfural, we have in all cases 
washed the phloroglucide with 95% hot alcohol. 


Mathieson Alkali Works of New York have deve- 
loped the manufacture of NaClOj (which they call 
Textone), It is quite likely that after the war this 
chemical will be available at a Reasonable price for 
industrial bleaching. So the present laborious method 
of its preparation in the laboratory will be avoided. 
Then it will be much easier to estimate cellulose with 
NaClOj than now. 

Compared with the other existing methods, the 
new- method is far less time-consuming. Further- 
more, it requires the least amount of attention. 
Unlike Cross and Ilevan’s or the CIO, method, it 
docs not involve the application of obnoxious gases 
which are troublesome to work with. One has to be 


TABLE II 


Method 

1 

1 

Cellulose* j 
1 drv raw 
te) “ ; 

1 

cl 
‘S ^ 

'►3 c S! 

d 

*4) 

Furfural 
a ‘Cellu- 
se*) 

. i 

P'S 

gy 

Is C 

1 i) 

1, 
d P 

’ll ’S 

« bS 

a -Cellulose 
alculated on 
\v jute). 

‘Cellulose* 

% Lignin 
n raw jute) 

Loss on 
kali (2% 
aOH) boil 
hrs.) on 
ellulose*. 



! s^-2.2 

£gO 0 





+ 5 


Cross & Bevan’s 

72*55 

1 > 

1 *02 

1*04 

8*94 

\ 

1*03 

7801 

56(51 

84*35 

14* *59 

Chlorine dioxide 

84-96 

' *20 

1*67 

9*27 

4*70 

7088 

60-22 j 

96-76 

41*01 

Norman Jenkins* .. 

Sodium chlorite 

77*77 

1 -18 

0-86 

7*20 

2*69 

78*65 

61-15 

89-.S7 

30*35 

89*03 

i *40 

1*46 

9*85 

1*48 

68*15 

6()-4;5 1 

l_ 

100-83 

30*23 


• ‘Collulose’ refers lo fibre-cellulose, that is, o-cellnlose together with hetiiicelluloses. 


Copper number was determined by the Schwalbc- 
Ilraidy method. 

The analytical figures for the sample of jute 
(J-161) employed are given below for comparison. 

J-i6i defatted fibre : 

(1) Lignin .. ii'8o% 

(2) Copper number t'9i% 

(3) Loss on alk.iline 

boil .. i8'4o% 

(2% NaCH for 4 hrs.) 

(4) Furfural .. 9 05% (the pholoroglucide 

was not washed with 
hot alcohol) 

„ .. 8'5o% (the pholoroglucide 

was washed with 
hot alcohol) 

.. I'.30% 


extremely active throughout the whole working day 
in giving alternate treatments with sodium hypo- 
chlorite and hot sulphite, transferring a good num- 
ber of times quantitatively and so on, in the case of 
Norman and Jenkins’ method. Nothing of the sort 
is required here. No hot alkaline treatment (willi 
NaOH or NajSOj), before or after, is necessary in 
this case. We have not tried this method as yet 
in the case of straw or wood, but so far as bast fibres 
are concerned, the NaClOj method for the estima- 
tion ot cellulose appears to be neat, simple, quick 
and accurate.* 


• Our grateful thanks are due to Mr C. R. Nodiler, 
Director, for bis kind interest in the work. 


(5) CO, 
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MALARIA IN BENGAL 

The 25th Annual General Meeting (Silver Jubilee 
Session) of the Central Co-operative Anti-malaria 
Society Ltd., and the annual conference of representa- 
tives of rural societies in Bengal, was held on the 
17th December, 1944, in Calcutta, Mr L. K. Elmhirst, 
M.A. (Cantab.), B.Sc. (Cornell), Agricultural Ad- 
viser to the Government of Bengal, presiding. 

In presenting the annual report of the Society 
for the year ended the 30th June, 1914, the Secretary 
stated that the Central Society claims the credit of 
having organised nearly 3000 societies in the villages 
of Bengal during the last 25 years. These rural 
societies are purely voluntary organizations and carry 
oil anti-larval measures on approved scientific princi- 
ples to the best of their power and resources. 

The present epidemic of malaria is due to inter- 
mi xturc of the people due to war conditions and not 
to the only factor of mosciuitoes, as supposed. 

The Society has found .more and more truth in 
the extensive application or naturalistic method of 
malaria control such as by the introduction of larvae- 
vorous lish in tanks. The malaria problem of rural 
Bengal is a question of tank malaria mainly due to 
the presence of innumerable insanitary pools. By 
inducing and encouraging the people to free their 
tanks properly of a(|uatic vegetations, jircdatory fish, 
overhanging jungles around their edges etc., in order 
to get their supply of fries, or spawns of carps, free 
of charge frot]! the fishery department of Bengal, it 
was expected the malaria could successfully be con- 
trolled in many villages, as these tanks would no 
longer become hotbeds for the breeding of mostiuitoes. 
By adopting this policy of the fishery department, it 
might be possible to do away with a large number of 
mosquito-breeding places in the rural areas. 

Mr Elmhirst, in his presidential address, stressed 
the need for collaboration between Government and 
the people in eradicating malaria. He suggested that 
the proper treatment of tanks, beds, and rivers in 
Bengal was essential before malaria could be success- 
fully fought. In the treatment of water he included 
the scientific cultivation of fish. W^ith more water 
available, more crops could be grown and better 
balanced nutrition would result. The building and 
maintenance of roads must also engage the attention 
of co-operative workers, for without a good system 
of communications there could be little improvement 
in the economic position of villages. 

General education and better housing and 
hygiene, including clearance of slums, rural, urban, 


and industrial were other vital factors in rooting out 
disease. “Through the combined operations of 
scientists, economists and villagers alone can the 
malaria-carrying mosquito be overcome”. 

H. E. Mr R. G. Casey, Governor of Bengal in 
a message to the Central Society said, “By mobilis- 
ing popular support in the fight against malaria, and 
by stimulaling interest in preventive measures, you 
are undertaking a task which is in accordance with 
the highest ideals of Public Service, and I wish you 
every succe.ss in your future efforts”. 

“I hope the Society will succeed in expanding 
the sphere of its activities in the mofussil and so 
help Government in combating the scourge of Ben- 
gal malaria.” 

ROLE OF CAFFEINE IN ULCERS 

Gastroenterology, April 1944, contains a paper 
by J. A. Roth and A. C. Ivy on tlicir recent experi- 
mental studies regarding the role of caffeine in ulcers. 
As pointed by Roth and Ivy, few clinicians restrict 
the use of coffee in their management of the peptic 
ulcer patient. The experiments recorded in this 
paper were devised to determine the effect of caffeine 
in experimental ulcers in an attempt to obtain pro- 
longed and continuous caffeine action. The technique 
of embedding caffeine in a beeswax-mineral oil mix- 
ture was used. The caffeine mixture was prepared 
in batches consisting of 22‘5 grams of anhydrous 
caffeine alkaloid, 15 c.c. of melted bleached beeswax, 
and 60 c.c. of hot mineral oil. The final mixture 
gives approximately 300 mg. of caffeine base per 
cubic centimeter. This mixture was injected alter- 
nately into the shoulder, thigh, calf and back muscles 
of a .series of 22 cats. Injections were made daily. 
A control series of 10 cats received an equal quantity 
of a warmed mixture of mineral oil and beeswax in 
the same proportions as used in the caffeine prepara- 
tion. The prolonged administration of the caffeine 
mixture was found capable of producing gastric ulcers 
ill these animals. The period of time varied from 3 
to 38 days, although not all animals developed ero- 
sions. These results suggest that the excessive use 
of caffeine-containing beverages may play a controver- 
sial role in the pathogenesis of gastro-duodenal ulcers 
in man. In view of these observations and the 
.marked stimulation of gastric secretion in man by 
the oral or parenteral administration of caffeine, it is 
suggested that the use of caffeine beverages may be 
best restricted in the management of the patient with 
peptic ulcer, 
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CONTROL OF MALARIA IN U. S. A. 

An account of the successful control of malaria 
in the U.S.A. has been given by Major 0 . R. McCoy, 
Director of the Tropical Disease Control Division, 
at a recent meeting of the American Association for 
the Advancement of Science in Cleveland {Science 
News Letter, September 30, 1944). In 1943, malaria 
cases in the Army stationed in the Continental 
United vStates dropped to a record low figure of only 
2 per 10,000. Major McCoy traced the cause primarily 
to the teii-million-dollar campaign against the 


mosciuito breeding places which has been continued 
for the last three year. In addition to the customary 
measures of drainage and oiling heavy use has been 
made of various larvicides, of which DDT, the new 
insecticide, has proved most effective against larvae 
as well as adult mosquitoes. Great success also 
attended the aerosol ‘bomb* method attacking mos- 
quitoes. Major McCoy further expressed his opinion 
that complete suppression of mosquito breeding 
would, however, be impossible in the tropics and 
accordingly reliance must be placed partly on per- 
sonal defences and on anti-malarial drugs. 


RAT CONTROL 

(;aurchandra ghosh, 

CHARTERKD civil. SNOINEKR 


jpUBIylC attention has recently been drawn to the 

subject of rat control by the Bombay Govern- 
ment’s offer of half an anna per rat killed. It is 
estimated that in India nearly one million tons of 
food grains are destroyed by rats every year. In a, 
given community the rat population is said to be 
roughly equal to that of its human habitants. In 
U. S. A. the annual cost of feeding a rat is estimated 
to be two dollars. The Americans are certainly much 
better fed than the average Indians, and on that 
count the standard of food for the American rats may 
be expected to be much higher than their Indian 
colleagues. Taking the standard to be, say, one-third 
for India, the cost of feeding an Indian rat may be 
taken as two rupees per year. Assuming 388 millions 
of rats living side by side with 388 millions of India’s 
human population, the annual cost of feeding our rat 
community amounts to 776 million rupees. Besides 
this, they destroy materials worth ten times the cost 
of feeding them. There arc instances of rats com- 
pletely destroying the harvest, which led to food 
shortage and famine. Control of rats has thus a very 
great economic significance. 

Public Health Importance 

Control of rats is also an important public 
health problem. Rats arc res^ionsible for the trans- 
mission of plague, a very dangerous disease. Besides 
plague, rats spread directly or indirectly many other 
diseases. Rat-bitc-fever, though a very rare infec- 
tion, is said to be due to bites of rats, Rats are 
responsible for infectious jaundice caused by a 
spirochete infection. The spirochetes are excreted in 
the urine of infected rats, and thereby food, water 
and soil may become coii’aminated. Human infec- 


tion takes place either through skin or mouth. 
Trichinosis is quite common among rats which get 
infected by eating each other or infected pork. 
vSwine get infected by eating infected rats and offal, 
and men get infected almost exclusively by eating- 
pork or boar meat not thoroughly cooked. Rats and 
mice are carriers of B. enterilides, and they also tran- 
smit certain types of tape worms and parasites which 
concern man. 

RaTvS and their Habits 

Distinction between rats and mice are largely 
based on size. The folL'wing are the common types : 

(1) The common house mouse {Mus viusculu.^ 

musculus ) . 

(2) The black rat {Ralius raitus rattus), 

(3) The Egyptian or roof rat (Raitus rattus 

alexandrinus). 

(4) The brown rat, also variously known as grey 

rat, barn rat, wharf rat, sewer rat, and 

Norway rat (Rattus norvegicus). 

Rats live on an average for two years. They are 
prolific breeders and on an average produce annually 
five litters of six to nine rats each time, sometimes 
as much as twenty-two at a time. Starting with one 
pair of rats and assuming no casualties, it may be 
possible to have as many as two crores of rats in three 
years. The black and roof rats are expert climbers 
and jumpers. They do not burrow, but live in hollow 
spaces and roofs, or nest in trees. Empty metal ran 
two feet deep is not sufficient to retain the black rat. 
Both black and roof rats are rather clean in their 
habits and prefer grain and clean, fresh food. Brown 
rats are not good climbers, but arc provided with 
good gnawing mechanism Und generally make 
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burrows to i feet deep (some-times two feet or 
even more) where they live. They can gnaw holes 
in lead pipes, slate, wooden beams to a depth of two 
or three inches. They are good swimmers and can 
remain in water for a long time. They eat just any- 
thing, fresh or rotten. 

Rats are also migratory in their habits and often 
leave dwellings for barns and fields and after a period 
again return to their usual abodes. 

Control of Rats 


There are two types of control, (a) destruction, 
and (b) suppression, 

(a) Destruction of rats .^ — Various measures may 
be adopted, such as trapping, fumigating, poisoning, 
starving or annoying. 

Extermination of rats is, however, a biological 
impossibility. To be effective, these measures must 
be continued and constantly watched. When condi- 
tions become intolerable for them the rats usually 
leave the area but soon return if the control 
measures are stopped. There arc various types of 
traps that are used. Tt is difficult to catch black rats 
in cage traps ; the more effective tyi)cs against them 
being snap traps and dead falls. The quality of the 
food offered in the trap does not matter much. The 
most important point to ensure is that the food offered 
in the bait is the only food easily accessible to the 
rats. 


Fumigation is effective in enclosed spaces and 
is widely used for destruction of rats in ships and 
ware houses, hydrocyanic acid gas being generally 
used for the purpose. As the gas is lethal to human 
beings it should be used only by experts. Various 
types of poison baits made from yellow phosphorus, 
arsenic, strychnine, and most commonly barium car- 
V)onatc, are used. Their efficacy in the control of 
rats is debatable. These poison baits arc also danger- 
ous to human beings and should be used with caution. 

Starving out the rats by separating them from 
their usual food supply is a very effective method, 
as rats require a large amount of food for their 
existence. All food stuff should be kept inaccessible 
to rats, and garbage should be kept in rat proof con- 
tainers. 


Employment of cats and other animals who feed 
on rats does not generally prove to be effective. 

(b) Suppression and Control . — In buildings and 
structures, rats live in enclosed and hollow spaces, 
under floors, inside pipes, holes in walls, in various 
types of furniture and fixtures, in heaps of trash, old 
discarded equipments, boxes and similar materials, 
^'or preventing rats from invading buildings and 
structures they should be designed in such a manner 
to eliminate unnecessary enclosed spaces and where 
"’IS is impossible we must use materials impervious 


to rat gnawing and install them in a rat proof manner. 
To achieve this objective several engineering prin- 
ciples must be observed. Foundation walls should be 
built of rat-proof material, plastered to a smooth sur- 
face and should extend at least 3 ft. below ground 
level. Walls and floors should be of solid construc- 
tion without intervening spaces. Double walls 
should be avoided as far as possible. All openings 
around pipe lines passing through wooden floors or 
ceilings should be fitted with metal rat proof collars, 
and openings through walls for pipes and beams 
should* be fitted in with cement or concrete. Open- 
ings in ventilators, space over wall plate roof rafters 
etc. should be fitted with sheet metal having per- 
forations not exceeding inch in diameter or width, 
these being better than wire mesh or expanded metal. 
In case of rectangular, horizontal or vertical openings, 
as in louvers or betw’een sliding doors and building 
walls, the maximum width of opening should not 
exceed ^th inches to prevent rat ingress. If floors 
are made of wood or other non-rat-proof material, 
they should extend to rat proof base-board and Jhc 
protective rat-proof material, like sheet metal, must 
extend to the side walls and be fitted thereto. 

Furniture and equipments in houses, if badly 
designed, may harbour rats. Show window display 
counters should have walls of rat proof material. 
Store counters, wall cabinets, filing cjibincts, desks 
etc. should be either of the elevated type in which 
there is an intervening space of 10 to 12 inches 
between floor surface and undersurface of bottom 
drawers etc., or they should rest flat on floor and 
against walls without any enclosed spaces. Metal 
flashings should be installed along the lower edges 
of the fixtures to prevent gnawing by rats. Storage 
bins should preferably be of metal sheets and should 
be either elevated about 12 inches from floor or should 
rest flat on floor so as to avoid any enclosed spaces. 
Refrigerators should preferably be coxistructcd of 
metal and should be installed on such a manner as to 
avoid any enclosed spaces at the bottom or sides 
between floors and walls. Ventilating ducts and air 
conditioning trunk lines should be constructed of 
approved rat proof material, preferably hard sheet 
metal, and they should be installed in a manner 
which will eliminate flat surfaces on the top which 
can be utilized for rat harborage. 

By applying the above principles, defects in 
existing buildings and structures can also be rectified. 
Walls and floors should be repaired, and all inter- 
stices, crevices, and holes should be filled up with 
cement and plastered to a smooth surface. All en- 
closed spaces between walls, floors and other fixtures 
should be eliminated, failing which they should be 
closed with rat proof metal flashing. 

Grain stores should be properly designed to pre- 
vent ingress of rats. The foundation walls should be 
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extended at least 3 feet below ground level. Floor 
should be of solid construction, such as concrete. At 



a height of 3 feet above the ground level there should 
be a projecting ledge all round, 9^ wide to prevent 
entry of rats from outside. Steps should be avoided. 
The openings and ventilators should be fitted with 
sheet metal screen with perforated holes not more 
than ^ inch in diameter. 

To ensure control of rats in buildings and struc- 
tures, there should be rat proofing ordinances for all 
cities. These ordinances should require buildings to 
be constructed in a rat proof manner. Plans must 
first be approved before actual construction may be 
allowed to be undertaken. The local health authori- 
ties should be empowered to make rules for enforcing 
these ordinances and to inspect buildings during and 
after constrtiction. The health authorities should lay 
down rat proof designs and fundamental approved 
methods of construction for the guidance of the 
public. 

The problem of rat control in rural areas in India 
is difficult owing to the use of non-rat proof materials 
such as mud, bamboo, wood, straw etc., for house 
construction. The problem is important both from 
the public health and from the economic point of 
view. For devising effective measures of control, the 
public health workers must closely co-operate with 
the engineers. 


BOOK REVIEWS 


The Loom of Language — a guide to foreign languages 
{or the home student— by Frederick Bodmer, 
edited and arranged by Lancelot Hogben ; 
Pp. 669 ; George Allen & Unwin Ltd., London, 
1943- Price 15 Shillings. 

The editor says in his preface : “because this 
book is a successor to Mathematics for the Million 
and Science for the Citizen, its motif is social and 
its bias is practical.” Now language—as distinct from 
mere word-sounds —being a purely social phenomenon 
the motif of a book like this cannot but be social ; 
but there is ample reason to doubt whether there is 
anything substantial in the book to justify its claim 
for the bias for the practical. Is it “practical” to 
tell a man who wants to leam Russian to take the 
precaution of being bom and brought up in Russia 
(p- 415)^ Is it practical to burden the book with 
obscure and ill-defined rules of Teutonic and Roman 
languages? I doubt if any practical man to-day will 
devote any time to Swedish, Danish, Dutch, Spanish 
and Portuguese — ^to which our author has given so 
much of the space at his disposal. 


From the consideration of the science of language 
and also from the practical point of view, the bool; 
will appear hardly impressive. Yet the noble pur- 
pose with which the book has been written cannot 
be admired enough. The author rightly says that 
international peace and understanding cannot come 
without an international vehicle of ideas. And with 
a view to that end he ha,s here — without trjdng to 
figure out in all its details such a vehicle — attempted 
heroically to beat down the linguistic barriers separat- 
ing even in this fast contracting world country from 
country and nation from nation. 

/?. K, Cr, 

The Aborigines— “So called”— and their future.— 

By G. S. Ghurye, Ph.D. (Cantab.) Professor and 
Head of the Department of Sociology, Bombay 
University Publication No .11 of the Gokhalc 
Institute of Politics and Economics, Poona, 
Pp. XVI + 232. Price Rs. 8/-. 

In a country like India, with a vast priinitivo 
{)opulation, estimated to he well over twenty millioiic-, 
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and by some put even higher^ the question of accuU 
turation is bound to loom large in any plan of national 
welfare. The surprising fact remains that even now 
only a very limited number of persons — mostly 
anthropologists (including sociologists) and adminis- 
trators, have taken any interest in the matter. Dr 
Ghurye has performed a useful service in collecting 
together a large mass of relevant information regard- 
ing the subject in the work under review. 

Dr Ghurye has limited his survey mainly to the 
tribes of the great Central Indian plateau or as an 
earlier writer puts it, of the Western and Central belt 
of primitive people in India. Such a limit has pre- 
sumably been observed as this group has been in more 
intimate contact with Hindu India than is, for 
example, the case with Assam tribes. 

In the earlier chapters Dr Ghurye considers the 
distribution of the tribal folk and the effects of the 
contact with Hindus on them. The good effects of 
such contact, in the way of spread of more advanced 
methods of food growing and materials, arts ill general 
as well as the evil effects that have followed through 
the rapacity of money lenders and land grabbers, arc 
noted. Dr Ghurye seems to think that the balance of 
good over harm is favourable in most cases. In draw- 
ing such a conclusion Dr Ghurye has relied entirely 
on the work of others, in the absence of personal ex- 
perience. He has quoted in this connection adminis- 
trators and anthropologists who have been in fairly 
intimate touch with the primitive people. 

In the later chapters Dr Ghurye has summarised 
the various administrative measures and legi.slative 
action taken by the Government of India and the 
British Parliament regarding the *‘so called*’ abori- 
gines. In this connection he has brought out clearly 
the contradictions involved in the policy of an im- 
perial power in their contact with backward people. 
13r Ghurye quotes the forest reservation policy as an 
e.xample of a measure which has injured tribes like 
the Korwa and the Birhor. If Dr Ghurye had had 
first hand acquaintance with the tribes of the Central 
Indian Plateau, he would have found that there has 
been a constant clash between measures designed to 
safeguard or increase revenue, and measures intended 
to protect the primitive tribes. More often than not, 
the interests of the revenue department have pre- 
vailed. 

Dr Ghurye next discusses the views of anthro- 
pologists like Rai Bahadur S. C. Roy, Dr Klwin, and 
^Ir Grigson regarding the problem of culture con- 
tact and culture assimilation. Dr Ghurye has rightly 
criticised what may be termed the romantic view of 
tribal culture. Primitive people are considered by 
J^ome administrators and anthropologists to be like 
children and they recommend that the? tribal people 
should be treated as such and separated from the rest 
the Indian population, and allowed to express 


themselves through their primitive full blooded tribal 
culture.. The mistake of the up holders of this view 
is that they ignore that (a) the tribal culture has large 
elements borrowed from the Hindu culture, which 
in its turn has assimilated many traits of the primi- 
tive culture and (b) a culture which does not change 
with the alterations in its cultural environment will 
assuredly perish. Any period of transition is bound 
to cause hardships to those who stick to the old ways. 
This fact should not however lead the sociologists to 
speak against social change. On the contrary, it 
should be their duty to indicate the best way to 
accomplish the transformation with the minimum 
amount of travail. 

It would be a mistake at the same time to ignore 
the immense amount of harm done by persons of 
advanced culture who seek out the primitive folk 
only with the intention of making a profit out of 
them. The injury such a person inflicts in the pro- 
ce.ss is of the same type, on a miniature scale, as that 
brought on colonial people by imperial rulers in the 
course of their economic exploitation. Any benefit 
that may accrue, incidentally, such as the spread of 
more advanced methods of material culture, does not 
justify the harmful effects, in either case, and can- 
not lead any scientific student of culture to approve 
of the continuation of such modes of contact, whether 
on an imperial scale or in the domain of culture con- 
tact of advanced people with primitive folk. 

Dr Ghurye argues that the economic problem of 
our peasantry and artisans are comparable to that of 
the aborigines. He notes that “the problem regard- 
ing land ... is very largely the same for a large 
section of our population whether aboriginal or non- 
aboriginal**. All this is quite correct in a general 
way. But he offers no solution which will help to 
save both sections of the people, while taking due 
note of the differences in their cultural condition. 
Dr Ghurye’s view seems to be that general measures 
of protection such as the Money Lenders* Acts, or 
Tenancy Acts passed in the different provinces will 
be adequate. Dr Ghurye has fallen into the opposite 
error to that of the romantic school and has over- 
looked the fact there are definite and valuable 
elements in the social and mental make up of the 
aboriginal, which are likely to be destroyed by lack 
of protection. A Santal, for example, is essentially 
freedom loving and has a sense of self-respect, which 
makes him feel himself the equal of any other man. 
In his social and economic life again, a vSantal places 
the interest of the village above that of the individual. 
It would be a tragedy if he became just a caste man 
in Hindu society or a subservient unit, among the 
followers of any other creed. It would also be a 
great pity if he ceased to care for the village and 
pursued his calling, impelled mainly by the profit 
motive. Dr Ghurye’s apprehension seems to be that 
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protection would make tribal man a hostile misfit 
in the future Indian population. There is no doubt 
that the activities of missionaries interested mainly 
in evangelisation and of politically minded admini- 
strators has done this harm to some extent. The 
remedy is however not the opposite evil of absorp- 
tion into Hindu or any other advanced society. 

Our duly, as sociologists and well wishers of all 
sections of our countrymen, should be to place the 
best that world knowledge has to offer, at the service 
of all ; to ap|)roach the humbler and the backward, 
without any motive of profit or of inflicting our tute- 
lage, neither to look at them with patronage nor 
admire them through romantically coloured glasses, 
but to treat them as normal human beings who are 
entitled to live according to their own ways of life. 
We should remember that economically they need 
safeguards — much more than what they are getting 
now. Culturally they should receive education in the 
scientific outlook and scientific methods and then 
left free to develop their own culture not in isolation 
but in touch with modern conditions. 

K, P. C. 

Your Food — By M. R. Masani (Tata studies in cur- 
rent affairs). Published for Tata Sons Limited 
by Padma Publications Ltd., Bombay. Pp. 82. 
Price Re. i/-. 

“Your Food’* is the first of the series of *Tata 
studies in current affairs’ and deals with the pres- 
sing problem of food and nutrition in India. It is 
meant to educate and stimulate public interest in this 
vital problem of India, which in course of time may 
influence policy and action. 

The author belongs to the Public Relations 
Department of Tatas and among his varied qualifica- 
tions is the fact that he is the Chairii^an of People’s 
Provincial Food Council, Bombay. The book is 


written with the idea to appeal to a very wide circle 
of readers rather than to a select few and Sir Homi 
Mody in his foreward to the book rightly observes 
that the subject matter has been treated in a 
“popular” 'more in the nature of a fireside chat than 
an elaborate treatise on the subject’. 

A new feature of the book is that it is suitably 
illustrated on modern lines, that makes it highly in- 
telligible. The writer has discussed the problems 
arising out of the shortage of food production in 
India, and suggested ways and means for increasing 
the production to cope with the growing population 
of India. Useful data is to be found with regard to a 
‘balanced diet’ and in the author’s opinion it 
is poverty and not ignorance or habit that is 
the main factor why the diet of our peo- 
ple is not properly balanced and deficient in 
nutrient elements. A domestic diet survey accord- 
ing to income carried out at Jamshedpur among the 
employees of the Tata Iron and Steel Works, illus- 
trate that the ciuality and (piantity of food improves 
as the income rises. It is depressing to note that 
well-balanced diet is beyond the means of the majo- 
rity of our people. A rise in the income of our 
people, whether from agriculture, industry or trade 
would in itself ensure a better food. Food problem 
is thus bound up with the problem for the abolition 
of poverty. 

If the book is found to have a wide appeal, il 
is intended to have translation in some of the leading 
Indian languages. Tatas will further endeavour to 
respond to recpiests for free copies from rural deve- 
lopment centres and educational and other institu- 
tions which would not otherwise be able to obtain 
them. 

A. K, G. 


LETTERS TO THE EDITOR 

[The editors are not responsible for the views expressed in the letters.] 


ON THE AVERAGE LIFE OF THE PLATINOCYANIDES 
IN SOLUTION 

Very recently we have investigated in detail the 
polarisation of the fluorescent radiation emitted by 
the different platinocyanide compounds in solution 
at different temperatures and concentrations under 
the excitation by light of various wavelengths. We 
have also calculated the average life of the excited 
molecules from the aforesaid polarisation measure- 
ments, the results of oui calculations being given 
here. 


TABLE I 


AVBRAGR I4KE OV TUB PUTiNOCYANIDliS EXCiTKD BY A 3131 A 

At different viscosities 


Viscosity of 
the solution 

Sodium 
platinocyanide 
Cone. ~ 

5 X 10“’ gni/cc. 

Potas.siuin ^ 
platinocyanide 
Cone. T- 

5x 10“* gm/cc. 

Barium 

platinocyanide 

Cone. = 

•Sxl0-*gm/cf. 

4-56 

185 

61 

1-20 X 10“* sec, 
l-51xl0-» „ 

l-24x 10~* sec. 

1-80 xlO-* sec. 
1-91x10-’ 
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TABLE II 

AVKKACK UVK OF IHB FLAtlNOCVANJUES EXCITED KV A 3131 A 
AT DIFFERENT TEMPERATURES 


'rcniperatnre 

in®C. 

Sodium 

platinocyanide 

Conc.-=: 

5 X 10-* gm/cc. 

Barium 
platiiiocyaiiidc 
Cone. ~ 

•5x 10-*gm/cc. 

1 . . _ 

Potassium 
platinocyaiiide 
Cone. = 

5x 10-* gm/cc. 

28 


18 xl0“*sec. 


40 

l-3x 10-* sec. 

l-75xl0-" „ 

1‘4 X lO-* sec 

50 

l-4xl0-* „ 

— 

1-35 xlO-* 


Thus it shows that within the limits of the expe- 
rimental error the value of the average life is inde- 
pendent of the temperature and viscosity of the solu- 
tion ; but depends on the concentration of the 
fluorescent compounds in solution. We have also 
calculated the average life of the compounds when 
excited by lights of various wave lengths. In the 
case of excitation of sodium-platinocyanide by A3131 
the life was observed to be 13 x lo-* sec. ; whereas, 
for A.2537 excitation it was 1*32x10“* sec. This 
shows that the life is also independent of the exciting 
wave length. 

Further, it was observed that all the three platino- 
cyanides have the same average life, which was of 
the order of io“* sec. In the case of the solid platino- 
cyanides, which are intensely luminescent the 
average life was of the order of 10”* sec. as measured 
directly. This difference is rather remarkable as 
the rt(CN'4) complex is obviously responsible for both 
the processes. 

S. M. Mitra 

A. K. M. Sii>DiQ 

Physics Laboratory, 

Dacca University, 

Dacca, 8-Ti-ig44. 


ON THE EXTRA REFLECTIONS IN THE LAUE 
PHOTOGRAPHS OF PHLOROGLUCINE 
DIHYDRATE CRYSTALS 

I 

In a recent note Dr S. C. Sirkar' has 
drawn attention to a point about the highly 
interesting results obtained by C. R. Bose* in 
his investigations on the secondary extra reflec- 
tions from phloroglucine dihydrate crystal. The 
point is whether these reflections are of the same 
nature as the secondary extra reflections from 
diamond. The apparent dissimilarity pointed out by 
Dr Sirkar will easily disappear if one considers the 
result from the standpoint of the reciprocal lattice. 


In the case of phloroglucine dihydrate the break-up 
of the lattice is along the c* axis. The direction of 
the reflected beam as determined by the intersection 
of the sphere of reflection with the linear extensions 
of the reciprocal lattice points along c'^* direction will 
easily be .seen to be affected very slowly when the 
crystal is rotated from the position wheie the X-ray 
beam is incident along the c-axis and the Bragg 
angle is not large. In the setting of lyonsdale and 
Jahn,® it will be seen similarly from considerations 
of the reciprocal lattice that the variations will be 
much greater. 

The simple explanation of this effect suggested 
by Dr Sirkar cannot unfortunately explain the 
observed facts. It is a well-known fact that the type 
of misorientation postulated by him would give rise 
to arcs which in the ideal dis-orientation of the 
powder photograph would become circles. However, 
it is possible to think of such preferred disorientation 
that would give rise to a sharp reflection even for a 
large deviation from Bragg angle, but it is impossible 
to explain all the sharp spots on the phloroglucine 
dihydrate photograph by any such postulate of pre- 
ferred orientation. In fact the only conclusion that 
can be obtained from the positions of the spots on 
the photographs is that mentioned in a paper by Bose 
and the present author* that the lattice is broken up 
along the c-axis while retaining regularity along the 
a and the b axes so as to simulate a two dimensional 
grating. A structure based on extremely thin but 
extended mosaic blocks also cannot explain the 
observed absence of this type of extra spots on the 
equatorial or the meridial lines. 

As regards the explanation of the secondary 
extra reflections in diamond as due to internal strain 
apart from other difficulties it is untenable for the 
simple reason of the high magnitude of strain that 
has to be postulated to explain the observed large 
deviations from the Bragg angle, upto which the 
secondary reflections have been observed.® 

K. Banerjke 

Indian Association for the Cultivation of Science, 

210, Bowbazar Street, 

Calcutta, 9-11-1944. 

* Sirkar, S. C., Science ano Cui.ture, W, 215, 1944. 

•Bose, C. R., Pror. Nat, Inst. Sci., 10, 201, 1944. 

•Jahn, H. A., and Lonsdale, K., Nature, 147, 88, 1941. 

* Banerjce, K. and Bose, C. R., Nature, 153 , 28, 1944. 
•Lonsdale, K., Proc. Roy, Soc., 179.4, 315, 1942. 


II 

The arguments on which the explanation regard- 
ing the origin of the extra spots in the Lane photo- 
graphs of phloroglucine dihydrate offered by me* 
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has been based consist nrainly of two points, e.g,, 

(1) that the si)ots do not move appreciably while 
the crystal is rotated through large angles and 

(2) that probably these spots occur in the directions 
making angles with the incident beam. Prof. 
Banerjee’s argument regarding the first x)oint is not 
convincing, because according to his argument the 
spots ought to move slowly with the rotation of the 
crystal, but actually it has been observed by Bose* 
that they do not move appreciably even when the 
crystal is rotated through large angles. As regards 
the second point, Prof. Banerjee has not stated any- 
where whether the directions of extra spots make 
angles 26 with the incident beam or not. The ex- 
planation offered by me will be proved to be wrong 
only if the extra spots are observed to occur in direc- 
tions other than those mentioned above. But if they 
are actually observed to occur in those directions the 
correctness of the explanation can never be challenged. 
Hence a definite staenient regarding this point from 
Prof. Banerjee w'ould clarify the matter. 

S. C. SiRKAR 

Physics Department, 

92, Upper Circular Road, 

Calcutta, 22-11-1944. 

* Sirkar, S. C., Sciunck and CutTURE, 10, 215, 1^4. 

»Bose, C. R., Pfoc. Nat. hist. Sc., W, 201, 1944. 


Ill 

Dr Sirkar bases his theory upon the single quali- 
tative visual observation mentioned in the paper by 
Bose^ that the positions of these spots do not alter 
appreciably and overlooks the results of the accurate 
quantitative measurements mentioned by Banerjee and 
Bose* that the positions of the spots accurately obeyed 
two of the I/aiie equations viz., 

ao{a„’-a)-hX and ba(Po — P)-k\ 

The deviations from the fixed positions as given 
by these equations, though small have been actually 
verified from the accurate measurements. Hence the 
second point of Dr Sirkar also does not arise for if the 
angle is not strictly constant it cannot be equal to 
2 ^b for all angles of incidence. 

K. Banerjkk 

Indian Association for the Cultivation of Science, 

210, Bowbazar Street, 

Calcutta, 7-1 -1944. 

^Bose, C. R., Proc. Nat. If si 10, 201, 1944. 

'Baaerjee, K. and Bose, C R.. Nature, tsi, 28, 1944. 


COLOUR OF SOME NITRO COMPOUNDS 

Stvphnic acid is described in the literature as 
a yellow compound. On the contrary, we have 
found that: — 

(1) Styphnic acid, when crystallised from hot 
kerosene, is almost colourless, although 
it subsequently becomes yellow by pick- 
ing up moisture. It could also be crys- 
stalliscd from other non-aqueous sol- 
vents like petrol-ether or CCU in a 
colourless state, the solubility in these 
solvents, however, is very limited. 

(ii) Aqueous solution of styphnic acid, whicli 
is yellow, becomes colourless when 
strongly acidified with concentrated 
HCl. 

{Hi) The colourless crystals become yellow on 
melting. 

The results indicate that pure, dry styphnic acid 
is colourless and that the yellow colour it normally 
exhibits is due to the dissociated anion : 


OaNj jNOa 

\/0 

L NO, J 

The above observations raise the question nf 
colour, in general, of nitrobodies which are assumed 
to be yellow inherently. 

Picric acid and Ic^tranitroresorcinol, which arc 
closely allied to styphnic acid, are known to exhibit 
a colour behaviour now observed with styphnic acid ; 
in other words, they are yellow only as the result of 
picking up moisture. 

Trinitromethane or nitroform CH(N02)3 is 
known to form colourless crystals, but turns yellow 
in w^ater. 

It lias been possible to cry.stallise T:N.T. from 
water in an absolutely colourle.ss condition, and also 
from CCI4. This colourless compound, however, 
slowly turns brown under the influence of light. It 
is, therefore, reasonable to assume that the slight 
yellow colour commonly associated with T.N.T. is 
an induced effect, and that inherently this compouml 
is colourless. 

Nitroso compounds are usually colourless, crys- 
talline bodies in the solid state when they exist as 
dimers ; these dis.sociate by heat or solution into the 
intensely blue mottomolecitle. This behaviour is 
exhibited by many complex nitroso bodies ; tertiary- 
nitrosoisobutane (CHs)i,.C. NO, for example, forms 
colourless (dimolecular) crystals, but melts to a blue 
(monomolecular) liquid. 

The authors are grateful to Dr H. R. Ambler, 
Ph.D., F.I.C., Chief Inspertor of MiUtary Explo- 
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sives for helpful suggestions and to the Director of 
Armaments in India for permission to publish the 
note. 

B. N. Mitra 
M. Srinivasan 

Inspectorate of Military Explosives, 

Kirkee, 15-11-1944. 


PURIFICATION OF AMMONIUM SULPHATE FROM 
PYRIDINE 

Ammonium sulphate of coal tar origin is in- 
variably contaminated with a considerable amount of 
l>yridine. Pyridine would, therefore, persist as an 
impurity in the ammonia liberated from such ain- 
nionium sulphate, and would act deletcriously on 
the catalyst in the manufacture of nitric acid. Fur- 
ther, this base w^otild appear as an impurity in the 
ainnionium nitrate finally manufactured, which is re- 
(juired to be pyridine-free for ordnance use. It is, 
therefore, incumbent to ensure that the stock of 
ammonium sulphate for generating ammonia to be 
converted to nitric acid should not contain pyridine. 
Til normal iiracticc an oil scrubber is used for affect- 
ing the removal of pyridine from ammonia. 

An alternative method has been worked out on 
a laboratory scale as would enable the elimination of 
irace.s of pyridine from ammonium sulphate by a 
preliminary treatment of the material with relatively 
small quantities of lime. The method is simple in 
that 'it does away with the oil scrubber, the use of 
which entails the installation of additional eqaip- 
nient for washing and recovery of the oil. 

100 gm. ammonium sulphate were dissolved in 
200 c.c. water in a beaker. Depending upon the 
pyridine content and the acidity of the material, milk 
of lime equivalent to 0*25 to 0*5% CaO on the 
weight of ammonium sulphate was prepared ; the 
higher the pyridine content, the greater the quantity 
of the milk of lime required. One-fourth of the milk 
of lime was added to the ammonium sulphate solu- 
tion in the cold, air blown in and the mixture main- 
tained at about QO®C. with agitation. At 10- r 5 mins, 
intervals, small additions of lime were made, so as 
to maintain the alkalinity between 7-8 (i.r. be- 
tween methyl red and phenolphthalcin). Under 
these conditions pyridine was removed with the loss 

negligible quantities of ammonia. With pTl 
higher than 8, howeVer, the elimination of pyridine 
ivas found to be rapid, though with some loss of 
ammonia. 

By this method it is possible to reduce the 
pyridine content to about ‘001% and it takes one to 
two hours to* complete the elimination of inTiditic 


from the ammonium sulphate before it can be used 
for the generation of ammonia. 

Our thanks are due to Dr H. R. Ambler, Ph.D., 
F.I.C., Chief Inspector of Military Explosives, for 
his kind interest in the investigation, and to the Dir- 
ector of Armaments in India for permission to pub- 
lish the note. 

B. N. Mitra 
W. D. Patwardhan 
G. SiVARAMAKRISHNAN 

Inspectorate of Military Explosives, 

Kirkcc, 15-11-1944. 


A FURTHER INSTANCE OF THE POSTERIOR CARDINAL 

VEIN IN BUFO MELANOSTiCTUS SCHNEIDER 

Po.sTiiRioR cardinal veins may normally be pre- 
sent or absent in Salicntia ; they arc generally absent 
in the two well-known families Bufonidie and 
Ranidic.' Records of persistence of these vessels are 
too numerous in Rana temporaria,^'* but those in 
other Salientian genera arc only a few, viz., two cases 
in each of Bufo^*^ and Limnodynastes^ , and once 
in Xenopus^ and Bombina^ ( = Bombinator). In 1929, 
the present author recorded a case of persistence of 
the left posterior cardinal vein, attended with some 
other minor venous abnormalities, in Bufo melanostic- 
tus.‘ vSince then, the only other report from this 
genus, so far as I am aware, is Al-Hussaini*s record 
of the persistence of the left posterior cardinal in 
B. regularis.^ 

The present case turned up in course of m3’' dis- 
section of some two hundred toads for .studying 
numerical variations in the dorsol-lumbar veins (in 
l)rcparation) of which a preliminary note has alread3^ 
l)ccn published.* It was a fairly full-grown female 
toad, measuring 82*0 mm. from snout to vent, and 
was, as far as could be ascertained, normal in other 
respects. 

Observations . — The postcava is entirely absent 
save in its intcr-renal portion, and is functionally re- 
placed by the left posterior cardinal vein which is 
situated in front of the left kidney. The 
inter-renal vein is represented by’ a short ve.sscl 
and situated mainly over the left kidney. It 
is formed by the union of two main revehent 
veins from the kidneys, the right one running 
superficially and receiving in its course anteriad well- 
marked factors from the kidney, ovaries, fat-bodies 
etc., while the left one proceeding embedded on the 
ventral face of the left kidney and much obscured by 
the deposit of suprarenal tissue except in its anterior 
portion. The inter-renal vein after receiving a sepa- 
rate small revehent factor from the cephalic end of 
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the left kidney, continues on to the left and becomes 
the posterior cardinal. The posterior cardinal pursues 
craniad lying by the outer side of the left systemic 
arch and the vertebral column, and tilting gradually 
to the left, it courses further forward dorsal to the 
subclavian artery and the brachial plexus. It then 
turns ventro-mesiad at its anterior end, and after 
separately receiving the subscapular and the internal 
jugular veins, it takes part in the formation of the 
left precaval exactly at the place where tlie inno- 
minate vein would have joined. It is a fairly stout 
and prominent vessel of almost uniform calibre and 



Fig. 1. Diagrainmatir. representation of the 
principal veins viewed from the ventral side with 
heart removed to expose the sinus venosus in 
Bufo mclanosticius. 

a.a . — anterior abdominal vein ; hr , — brachial 
vein; cm. — inusculo-cutancoiis vein ; e.i, — ex- 
ternal iliac vein ; c./.— external juRular vein ; 

/. — ^femoral vein ; f.m. — facio-mandibular vein; 
h . — hepatic vein; i./.- internal jugular vein; in. 
—innominate vein ; i.r. — inter-renal vein ; i.s. - 
ischiadic vein; k. — kidney; f.— lingual vein; 
l.d.l.- left dorso-lunihar veins ; l.p.c . — left pos- 
terior cardinal vein; p . — pelvic vein; r.d.l. 

right dorso-lumbar veins; r.p. — renal-iwrlal 
vein ; subclavian vein ; 5r.— subcapular vein ; 

.V.V. - sinus venosus; s.v.c.—superior vena cava 
(precaval) . 

shows no dilatation anywhere in its course as observed 
in some frogs.' The .subclavian vein, however, docs 
not open opposite lo the external jugular, as is usually 
the case, but instead, it opens a little apart directly 
into the cardinal vein. Th? right precaval system is 
normally constituted.* 
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The two hepatic veins open directly into the 
hinder end of the sinus venosus. 

The renal-portal vein (v. iliaca communis and 
V, Jacohsonii) is constituted in the ordinary ranid 
manner^ and the kidneys are almost equal in size. 
Each renal-portal enters the corresponding kidney by 
means of the venae reiiales advehentes in the usual 
manner without establishing a direct connection with 
any portion of the inter-renal or the posterior cardi- 
nal. It is to be noted that there are three dorso- 
lumbars opening into the left renal-portal {v. Jacob- 
sonii) as opposed to tw^o on the right side.^ Attention 
may here be drawn especially to the disposition of 
the anteriormost dorso-lumbar of the left side which 
runs parallel with the posterior cardinal {cf. 
O’Donoghue, 1931, Exs. 28, 34 and 35). With the 
arrangements of the veins in the kidneys it can safely 
be observed that both are portal. 

It is well known that instances of the persistence 
of posterior cardinal vein are readily explained in the 
light of the developmental history of the postcava in 
the Amphibia. This has been elaboratly dealt with 
by O’Donoghue.* A passing mention may, however, 
be made that the present case appears to he a bit 
more primitive in that the inter-renal portion is not 
fully formed as in normal frogs and toads. 

Jnanundra Lai. Biiaduki 

Department of Zoology, 

University of Calcutta, 

Calcutta, 24-11-1944. 

* Al-Hussaini, A. H., Ami. Atiz,, HR, 416-420, 1939. 

* Bhaduri, J. L., Proc. Zool. Sor. London, IM. 2 : 177 - 180 , 

1929. 

* Bhaduri, J. L., ]. & P, Asial. Soc. Bengal, (N. vS.). 27, 

101-110, 1931. 

‘Bhaduri, J. h., and K. C. Gliose, f. Rov. Asial. Soi . 
Bengal iSci.), 9, 55-62, 1943. 

■ O'Donogbue, C. H., Trans. Rov. Soc. Edinburgh, 57 . 179 - 
224, 1931. 

* J, Anat. London, 70, 159-176, 1935. 


ATMOSPHERIC AMMONIA AS A SOURCE OF 
NITROGEN FOR SOILS 

In a recent contribution Abhiswar Sen' had 
adduced some evidence to show that ammonia in the 
atmosphere is a useful source of nitrogen and should, 
by itself, be capable of accounting for the maintenance 
of level of fertility — ^though rather low — of unmanur- 
ed Indian soils. This concept, though highly fascinat- 
ing, would require rather critical examination in the 
light of the various known facts. 

There is no doubt that there is some ammonia 
in the atmosphere. How does it arise ? There is no 
known mechanism by which the atmosphere can pro- 
duce ammonia. On the contrary, a gjbod deal of 
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ammonia is released from the soil, the sewers, 
manures, industrial wastes and so forth. Added to 
this, there is ammonia given off during the manu- 
facture of coal gas, burning of coal under certain 
conditions and so forth. These evolutions would 
account for practically for whole of ammonia pre- 
sent in the atmosphere of large cities like London, 
Glasgow and Manchester which the author has 
referred to. 

As for the soil itself, it is more cai)able of giv- 
ing out ammonia than of receiving it. When the soil 
has a reaction of pH 7*0 and above, it invariably 
gives off small (luantities of ammonia.* Application 
uf chalk or burnt lime hastens this evolution. Ammo- 
iiiacal fertilizers applied to such soils tend to dccom- 
j)(>se and to steadily give off ammonia, though in 
small quantities at a time. This is a well known 
Iilieiiomciioii and it is partly with a view to minimis- 
ing this loss that ammonium salts have to be applied 
as top dressings to croi)S. All organic manures lose 
some ammonia during storage and further quantities 
arc lost during their decomposition in the soil, 
whether it is under dry or wet cultivation. 

The Tndian Institute of Science has long been 
interested in the .subject of loss of nitrogen from 
the soil.*"’’ The evidence so far accumulated would 
show tliat a large i)art of nitrogen lost from dry as 
well as wet soils, as also from manures, is in the 
funii of ammonia. The retention of ammonia bcyuiid 
a point is difficult and, in fact, tlie agriculturist is 
hard put to keeping it in the soil. 

A very simple demonstration of the evolution of 
ammonia from the manure heap would be to hold a 
piece of moistened red litmus paper over it on a 
moderately warm day. The litmus will turn blue in 
less than a minute. Similarly, evolution of ammonia 
from soils can be demonstrated by placing the soil 
properly moistened in a petri dish and sticking a 
l)iccc of red litmus pai)cr to the bottom side of the 
cover. In the case of some of the Punjab, U. P, 
and Central Indian soils, the evolution is pretty 
rapid and especially after the addition of ammoiiiacal 
fertiliser, the change in the colour of the indicator 
can be observed in less than a minute. The evolu- 
tion is continuous and can be quantitatively esti- 
mated. 

There is no doubt that the atmosphere contains 
some ammonia, but it would be seen from the above 
that a useful part of it comes from the soil itself. 
'I'he soil has the capacity for retaining some 
aniinonia, but it also gives off a good deal of it .so* 
much so that both the processes have to be taken 
into account. From our experience, we may state 
lhat the net result will be found to be one of loss 
rather than one of gain to the soil. 

The author refers to sea water as a possible 
source of ammonia. He has no proof to show that 

6 


the land gains by it in the form of rain. The rain 
water, if carefully collected, is usually free from 
ammonia. 

Taken on the whole, there is a strong need for 
reinvestigating the whole problem of nitrogen re- 
cuperation of soils. The subject is one of much 
scientific as well as practical interest and it is hoped 
that it will be possible for the Imperial Council of 
Agricultural Research to initiate some systematic 
work on the subject. 

V. SUBRAHMANY.\N 

S. C. Pirj.Ai 

Department of Biochemistry, 

Indian Institute of Science, 

Bangalore, 24-11-1944. 

* Sen, A., SciKNCH an'd Cia/rukE, 10, PH, UM4. 

* SreonivaNan, and Sii brahman van, V., Jour. .'lg/7. ScL, 

25, 6, \9X\ 

’ Subraliinan van , V., Nature, 139, 88-1, Hn?. r 

* Sreenivasan, A. and Subraliinan van, V., Proc. Nat, In^t. 

Sci., 3 , 219, 1937. 

' niiaskaraii, T. R. and I'illai, .S. C., Science, 90, 59.'^, 1939; 

unpublished data. 

AMMONIA OF THE AIR 

In my article^ an attempt was made more to 
convey a suggestion as to one possible cause of re- 
cuperation of nitrogen in Indian soils rather than to 
make a liiuil conclusion. Careful and patient obser- 
vations can alone bring out results which can settle 
the points on the olher side of the question, i.c., 
as to which of the two, gain and loss of ammonia 
is dominant. In fact, some work on the problem is 
already in i)rogrcss at the Institute and the re.siilts 
will be imblished as soon as available. 

Jii'^'lhe meanwhile the points raised above by V. 
Subrahmanyan and S. C. Pillai need be considered in 
the light of observations we have already in hand. 
The authors themselves point out that sources of 
ammonia in the atmosphere other than the .soil (ifl 
we take it for granted) are numerous. It need not 
be concluded that an ‘'u.seful part** conics from the 
soil. It is well known that electric charges in the 
air cause formation of ammonia in the air itself.* 
'J'hcn, considerable fpiantities of ammonia come from 
volcanic eruptions and good amounts of ammonium 
chloride and ammonium sulphate have been known 
to occur in volcanic districts ; ammonia occurs with 
boric acid presumably formed by the decomposition 
of boion nitride.* 

It is also doubtful if soils are more capable of 
giving out ammonia than of receiving it. Careful 
experiments are necessary to make any conclusion. 
If escape of ammonia nitrogen from the soils had 
been so continuous and (luantitative as envisaged by 
the authors, there would have been a huge depletion 
of soil nitrogen every year by this agency alone and 
on this it would-be very difficult to exidain the ad- 
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vantages of following. As regards retention and re- 
lease of ainiiionia from soils, Ingham’s results with 
pulverised soil which he exposed in the air in the 
open for iS months, are quoted below 



i 

Aiiniionia 

Nitrate 

' Organic 

Period 

Total 

Nitrogen 

N itrogen 

Nitrogen 

(inonllis) 

Nitrogen % 

p.p.m. 

p.p.m. 

c/ 

.0 

0 

1 

0 308 

15 

0-70 

' 0307 

315 

54 

11-0 

•308 

2 

'321 

97 

12 

•30!) 

3 

•318 , 

157 

23 

•301 

4 

•322 1 

172 

23 

i -303 

5 

■330 1 

234 

29 

304 

6 

•339 ' 

280 

30 

•308 

18 

350 

418 

30 

j 305 


Thus it is seen that the remarkable increase in 
nitrogen was in the anunonia form and even during 
the period of i8 months there was no loss. Kven 
if we imagine that there had been some loss by evolu- 
tion of ammonia, it appeared that the net result oli 
absorption and evolution was retention and not loss 
of ammonia from the soil. The possibility of bacterial 
fixation in the above soil was nil since soil organic 
matter underwent very little loss during the tinie 
(theory required destruction of half the organic 
matter) and the pU was 5‘r, a very unfavourable one 
for azotobacter to thrive and function normally. 

Another example can be found in Pusa drain- 
gauge records w'hich had been kept for about thirty 
years. Pusa soil with a huge amount of natural lime 
and a /)H well above S‘o (not to speak of 7 0) which 
grew wheat for a period of about 30 years did not 
show' any remarkable loss of nitrogen when a balance 
sheet of nitrogen in the soil was prepare<l. The 
following were the results obtained. “ 

Avera.ije nniuiiil loss of 
nilrogen from I’nsii s«iil 
ill lbs. per acre, 

Xiirogen in draiiia^tje -- 

NilroKcn in crop ... 21-58 

Annual nvera^je lo.s.s - - 31-53 

Annual average lo.ss (from difference 
initial and liiial nitrogen conttMit 
the soil) 32-00 

All this go against the assumption that soils arc 
more capable of giving out rather than receiving 
ammonia. The soils that are considered here were 
all uniiianurcd ones and a very large portion of Indian 
soils grow crops without any kind of fertiliser. 
Studies iu the losses of nitrogen from soil treated 
with heavy dressitigs of ammonium sulphate are of 
little value to actual agriculture in India. 

Evidently the seat of absorption of ammonia is 
mostly the colloidal complex which is capable of 
absorbing ammonia in the gaseous form from the at- 
mosphere and animonio. need not always be washed 
down in rain water to be absorbed by the soil. 


However, it is really felt that the explanations 
in hand for natural recuperation of nitrogen of Indian 
soils are entirely inadequate. Studies of South Afri- 
can investigations on soils gave me impetus to make 
the bold suggestion without much experimental 
evidence to support it except for a few stray facts 
here and there. Naturally careful experiments aiu 
necessary and they alone will give us a clear picture 
of the natural process. 

Subrahmanyan and Pillai’s suggestion is welconit* 
and we hope before long, to gain many valuable in- 
formations from their tried and experienced hands. 

I thank .them and my professor Dr S. V. Desni 
for the kind interest they have in the problem. 

Abhiswar Sex 

Section of Soil Science & Agricultural Chemistry, 
Imperial Agricultural Research Tnsliliitc, 

New Delhi, 12-12-1944. 

‘vScii, Abhiswar, vSciknck and Cni.Trio*. 10, 191 , 1944. 

* Arrhenius, vS. A., Chemi.slry in \Mo<leni Life of hr 

Leondard’s Tran.slation, 157, 1926. 

* I’artington, J. U., Text Book of Inorganic Clieinislyv, 

3rd Kditioii, 546. 

* Iiighaiu, (L, South Afrkau Journal oj Si icncr, 46, l(ii. 

1939. 

* Sen, Abhiswar and Viswaiialh, Tb, hid. Jour. Aj^rlc. SJ , 

/J. 537, 1943. 

ATMOSPHERIC AMMONIA AND NITROGEN 
RECUPERATION OF SOILS 

'fiiERK is no doubt that a certain amount of 
nitrogen recuperation of soil is going on. A ninnbcr 
of theories have been put forth, but no conclu.sivo 
evidence is yet forthconihig. There is strong iicul. 
therefore, for a cril-.'al study of the problem in all il* 
aspects. The subject is one of very considerable 
fundamental as well as practical importance. 

V. SUBRAIIMANVW, 

S. C. PirxAT 

Deparuneiit of Biochcinistry, 

Indian Institute of Science, 

Bangalore, 18-12-1944, 

ON THE THEORY OF ADSORPTION INDICATORS 

Kajans, Koltlioff' and their collaborators have 
developed theories on the action of adsorption in- 
dicators. It has been shown by Chaiidhury and 
Indra® that these theories arc not in complete agree- 
ment with experimental results on calaphorctic velo- 
cities of silver halides under the conditions of titra- 
tions. 

From Eangmuir’s adsorption isotherm, we havo 
.'Vk =s ki un ^ 

.rind I i-kia^ k^aind 

where xn and xua are the fiinounts of the halide and 
the indicator ions adsorbed ; an and aiudare the acti- 
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vilies of the halide (and indicator ions) and /j, and kn 
are constants. 

Neglecting' k^an + and in comparison to 

unity, we have 

Xu ^ _ 1^ 

Ind Oiini 

i.L\, the amounts of the ions adsorbed are proi)or- 
tional to the activities of the halide and the indicator 

ions. When “-=/%= unity, the ratio of the adsorbed 

ions is ecpial to the ratio of the activities of the ions 
in the solution. 

The adsorption of the halide and the indicator 
ions should depend on the activities of the halide 
and the indicator ions in the bulk of the solution, 
on the ads(^rbabilities of the respective ions by the 
precipitates (say silver halide), and on the solubility 
of the precipitates. 

For an indicator ion to l)e precipitated at the 
c(|uivaleiice point, i.c., for an ideal titration : 

(t) 'riie activity of the indicator ion used should 
be equal to that of the halide ion in the intermicellary 
liquid of the colloidal ])rccipitatc formed as a result 
of reaction between equivalent quantities of the re- 
actants. 

(3) Also the solubility of the silver-indicator com- 
pound should be equal to that of the silver halide 
compound since the adsorption of the indicator and 
halide ions depends on the solubilities of the silver 
halide and silver indicator compounds. 

In very dilute solutions, the activities of ions 
may be taken to be equal to their concentrations. 

In agreement with the theory developed above, 
the concentrations of the indicator ions used by 
different authors are found to be of the order of the 
concentrations of the halide ion. 

The adsorption of the indicator ion which brings 
about the colour change, with which we are con- 
cerned in titrations, is very probably iiiimcdiately 
followed by chemical combination. 

S. G. ClIAUDIIURY 

Department of Chetnistry, 
l^niversity College of Science, 

Calcutta, 7 - 1 2 - 1944 . 

* Tajans, K., Radio-elements and isotopes ; Chemical 
Forces and optical properties of substances, p. 1)6, 
McGraw Hill Book Co., New York, 1931 ; Kollhoff, 
Chemical Review, 16, 88, U»5. 

“Chaudliury, S. G. and Indra, M. K., /. Iml. Chem. Soc., 
ie, 81 , 1939 . 

STUDIES IN THE CYCLOPENTANE SERIES--PART III 

In continuation of the investigations'* * we in- 
tend to record some of the more important results in 
the following short note. 

Pure trans-i-raethylcyclopentane-i : 2 -dicarboxy- 
lic acid was esterified to give the diethyl ester 


( 110^/6 min). The half-ester of this, obtained on 
l>artial hydrolysis, was converted into acid-chloridc 
which reacted smoothly with caclniiuni dialkyl to 
give the 2-incthyl-3-carbethoxycyclopent.\ 1 methyl 
ketone (103^—05^/8 mm ; semicarbazone : 200® — 3^). 
The ke4o-ester reacted with /i-bromo-propionic ester 
in presence of magiicsinm in toluene solution to civc 
a lactonic ester (175^—85^/9 mm). Tliis was re- 
duced according to Clemmcnsen and the free acid 
was isolated as its diethyl ester (160® — 65^/S mm), 
^rcthylmalonic ester condensed with ethyl <-bronio- 
gliitarate to give the corresponding tetra-ester 
(185^/5' mill). This underwent ring-closure with 
.sodium and the /^-ketonic e.stcr was partially hydro- 
lysed with water-containing glycerol to give 2-melhyl- 
2 : 3-dicarbethoxycyclopeiitaiione (115^/4 mm, seini- 
carbazouc, m. pt. 240®). 

The condensatiofi product obtained from ethyl 
liropionatc and oxalic ester was brominated. The 
broino-compound condensed under some mcxlified 
conditions with the sodium salt of acetoacetic ester 
to give the kcto-tetra-cster (132^/1 nim), which 
solidified in the receiver. This on dehydration 
with P2O5 gave the desired cyclopentenone derivative 
(133^/2 inni), which on catalytic reduction gave 
2 .*3 •*4*tri-carbethoxy-3-mcthylcyclopcutanoiic (126^/2 
mm). 

The lactone,® obtained by the action of <-bromo- 
propionic ester on ethyl 3 -isohexyl-y-keto-hexoate in 
presence of zinc, gave the ethyl ester of the uiisatu- 
rated isooctyl-inethyl-cyclopentciione carboxylate 
(145^/4 mm), on treatment with PjOi. This on cata- 
lytic reduction gave 3-isooctyl-2-mcthyl 2-carbethoxy- 
cyclopenlanonc (150®— 55^/8 mm). It was converted 
into cyanhydrin in the usual way and the latter was 
dehydrated to give the corresponding unsaturated 
nitrile (i45®— 5o°/2 mm.) This was hydrolysed in a 
sealed tube to the desired dicarboxylic acid which was 
stercochemically impure to a slight extent. 

The lactone (136^/6 mm) obtained by the action 
of <-bromopropionic ester on lavulinic ester was dis- 
tilled over PsOft to give the ethyl ester of dimethyl 
cyclopentenone carboxylate (go^ — 05^/6 inin ; semi- 
carbazone decomposes at 2 12° —14^). This smoothly 
took up hydrogen catalytically to give the corres- 
ponding saturated ester (go^/6 mm). This was 
hydrolysed to 2 : 3-diinethyl-cyclopentanonc (B. P. 
i45^-*-50°, semicarbazone 179^—80®). 

My grateful thanks are due to Prof. P. C. Mitter, 
^i.A., Ph.D., for his kind help and encouragements 
during the course of this investigation. 

PiL\NiNDRA Chandra Dutta 
Sir P. C. Ray Fellow’s Laboratory, 

92, Upper Circular Road, Calcutta, 7-1 2-1944. 
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ON VARIATIONS IN THE NUMBER OF GONADS AND 
SHAPE OF DORSAL TUBERCLE IN THE MONASCIDIAN 
STYELA AREOLATA HELLER 

W'liii.K working on a collection of ascidians from 
Madras the author came across such a case in Slyehi 
areohita Heller, a nionascidian that shows wide varia- 
tions not only in the number of gonads but also in the 
shape of the dorsal tubercle, both of which have l)een 
considered as standard sijccific characters. 

Heller', while erecting the species .S', arcolata, 
gave a very brief description without publish- 
ing any illustrations showing the structure. Herd- 
man'^ while redescribing the species, states that in the 
few (4 on the right and 2 on the left) prominent 
gonads on each side of the body, this species recalls 
the arrangement seen in Sluter's eastern species 5 . 
oUgocal^a and .S', sedaia. My specimens although 
agreeing with Herdi nan's specimens in general, 
differ from them in the number of gonads on each 
side of the ])ody. After studying a large number of 
specimens, I have come to the conclusion that this 
variation is individual and intra-specific. Similarly, 
the shape of the dorsal tubercle, wliich is considered 
as a standard specific character, shows variations in 
the turning of the free ends of the ciliated ridge, the 
ends of the horse-.shoe being ttirned either in or out 
in different specimens. 

The gonads in S. areolala are elongated, tubular 
structures that lie in the substance of the mantle, 
their ducts being directed towards the atrial aperture. 
The right side has more of tliese tubes than the 
left, and the tubes remain separate throughout their 
course, no junction or anastomoses occurring in neigh- 
bouring gonads. I'he right side has 3 gonads at the 
least ; and I have found specimens with 4, 5, 6 and 
even 7 jj;onads on the right side of the body. As each 
gonad has its separate duct, the gonoducts also 
number from 3 to 7 on the right side. It is charac- 
teristic, how’cver, that all these gonads, even when 
the number is 7, lie clear of and above the long 
tubular heart. The left side of the body, i.e,, the 
side bearing the loop of the intestine, bears the gonad 
in the intestinal loop in cases where only one gonad 
is present. Hut more usually the number on the left 
side is two, when the second gonad lies over or ^ 
little anterior to the dorsal limb of the intestinal loop. 
In a few^ specimens, however, a third gonad may be 
found lying clear of the intestine and the other two 
gonads. All these gonads arc similar in structure to 
those of the right side and open separately by ducts 
at the base of the atrial .siphon. 

Kach gonad consists of a central tubular 
straight or sinuous ovary, narrowed to a neck 
at its dor.sal end, vdiere the opening for the 
discharge of the eggs (o\iducal aperture) is situat- 


ed at the base of the atrial siphon. Each ovary 
contains a large ipimber of ova in various stages of 
development. The testes con,sist of a number- of 
caeca surrounding the ovary, except towards the 
dorsal end where they are absent. They are distri- 
buted around the ventral end of the ovary and along 
its sides, the characteristic feature being that the 
testicular caeca lie attached to the ‘mantle a little 
apart from the central ovary. Each testicular caceum 
is irregular in outline and leads into a small spermatic 
duel, which unites with the others and forms a 
common spermatic duct, which opens separately near 
the oviducal aperture. 



Pio. 1 . Views of four specimens of Stycla arcolatu, 
after removal of lest, to show variations in the nuniber 
of gonads. 


The horse-shoe shape, characteristic of the dorsal 
tubercle of many ascidians, is si)ecially recognizable 
here on accoun^of the free ends of the hor.se-shoe 
being turned in, although not forming a spiral coil 
as seen in species of H erdmania,^ I have, however, 
found in a number of specimens, the horns of the 
U being turned not in but ontu'ards. In still oilier 
siiecimeiis only one horn is turned in or out w'hile 
the other remains straight {Vide Fig. 2). Such a great 



1^‘iG. 2. — The dorsal tubercle of six specimens of Siyela 
areolala, to show variations in their shape. 


variation in the shajie of the dorsal tubercle in S. 
arcolata precludes, therefore, its inclusion in the 
chart of specific characters. ,, 

S. M. I}as 

Zoology Department, 

Eucknow University, 

Eucknow, 29-12-1944. 
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SCIENTIFIC EDUCATION AND RESEARCH IN RELATION 


TO NATIONAL 

TN the previous issue ue have started a discussion 
of the place of scientific education and research in 
effecting an inii>rovenieiit in the standard o[ well 
heing in this country. In considering the various 
suggestions which have been made, it was found 
necessary to distinguish between the strategy and 
the tactics of research. As a ineliminary to discussion 
of our own problems we began with a short account 
of the discussions which have recently taken place 
in (Ircat Hritain on similar problems. We started 
with the assumption that conditions whicli are favour- 
able for the promotion of fundamental research will 
also favour tlie advance of applied research, and 
that the necessary conditions for the promotion of 
the former arc to (i) discover and train people who 
have the ability and impulse for scientific cmiuiry 
and also create conditions most favourable for their 
i\()rk and provide them with tools they need, 
(2) secure competent direction of research, (3) make 
provision on the basis of relevance to .social needs for 
the organized study of particular and urgent problems, 
planned to advance science on an even front. These 
led us to consider the general problem of education 
of the community, including that of the adults and 
also of the rising generation. The former should be 
made to appreciate the value of scientific research as 
an instrument for national welfare ; also it was 
necessary that provision be made for adequately 
trained and broadly educated workers for scientific 
research. Such education must provide a balance 
between the immense needs for scientific and human- 
i.^tic studies. We are here particularly interested in 
considering the place of universities as a source of 
both direct and indirect, of the type of per- 
sonnel required, as also of their place in organized 
tesearch. 


WELFARE-II. 

Training and Uksicarcii in Umvkrsitjics 

In a recent reT)oiT on university develoinnenl Viy 
the Association of University Teachers in Cjieat 
Britain, the functions of a university have been set 
forth as: the pursuit of knowledge not controlled or 
dominated by any private or corporate interest ; the 
dissemination of knowledge and cuUiue ; further uni- 
versities are schools of communal living in which the 
devclopinent of students as individuals and their 
development as social beings are equally important. 
Uastly universities are a i)nrt of society, l)oth mate- 
rially and intellectually, and bear a direct responsibi- 
lity, and must, therefore, study the application of 
organized knowledge to i)ractical problems and train 
men and women for ] articular tasks. While it is 
not the function of the university to inculcate any 
particular philo.sophy of life, it is a.ssurcdly an 
essential i)art of its work to assist its students to for- 
mulate adequate i)hilosopl]ics of life for themselves. 

The first aspect of the function of a university 
may be further elucidated as a place for the advance- 
ment of science, and not merely for its conservation 
or diffusion, where different branches of knowledge 
are brought into contact and harmonious combination 
with one another, where education and research 
advance side by side. 

It is necessary at limes to undertake a certain 
amount of clear thinking on the restrictive influences 
which threaten the free development of advanced 
teaching and research. Two of them may be stated 
here. (1) There is a growing departmentalism of 
science, which tend to become more re.strictive ; 
boundaries of teaching departments have insensibly 
created artificial barriers to free enquiry. It has to 
be decided from time to time, how far it is necessary 
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to retain some of these coinpartmenls for administra- 
tive convenience, and at the same time also to realise 
the limitations they impose on the character of the 
training we give to our future investigators. , 
(II) There is also a great danger in our preoccupation 
with si)ecialisls, which lies not in doing that job too 
well, but doing it exclusively. Professor Sigerist re- 
marked, “If the (icrman academic world surrendered 
so readily to reactionary forces, it was due largely to 
the fact that it consisted of men who were specialists 
and nothing else. If we wish to educate a citizen to 
be able to think in terms of science, and a scientist 
prepared to participate in social action, we must 
change our teaching.** Tliis brings up the relation 
of technological and other professional studies to uni- 
versity studies. 

Pmcic ()I‘ Tkchnouk'.v in Univkrsitif.s 

Technological stiulies have significance not only 
in regard to the survival of the nation and the needs 
of the individual, but also in the advance and unity 
of knowledge. The danger which lies in carrying 
out si)ecializcd professional or technological training 
and research in separate institutions was recognized 
about a generation ago by Professor Siuithells who 
advocated the embodiment of i)rofessioiial and techni- 
cal education in the universities for the reason that 
a wider outlook may thereby be promoted. In some 
(juarlers it has been suggested that development of 
technical colleges into institutions of university rank, 
independent of universities, should not be encouraged. 
Rather they should be a.sscK'iated with their regional 
universities, like the Imi)erijd College of Science and 
Technology in London. Put according to others, the 
aim should be to develop .such institutions on lines 
similar to the ]\las.sachuselts Institute of Technology, 
with strong post-graduate schools, and providing 
under-graduate teaching. Such institutes, it is sug- 
gested, have advantages from the point of view of 
applied research. If it is found necessary to establish 
such technological institutions, care should be taken 
to .supplement the specialized training imparted in 
them with humanistic .studies. 

Other questions of importance to be considered 
refer to the quantitative aspect of the university ex- 
pansion, the size of the university population 
necessary to produce the required number of research 
workers and teachers, and the number of universities 
required to cater for them. Additional grants will be 
necessary for this pnrpo.se and for improving the 
conditions and standards of existing departments. As 
an offset of .some of the incrca.scd expenditure, it is 
suggested that there should be closer cc-operation 
between the universities, particularly in regard to the 
development of schools of research and teaching, 
elimination of redundanev, and the planning to cover 
existing gaps. Another point on which attention may 


be directed in fixing the target of the number of 
.students to be admitted to universities is the capacity 
of the .society to utilize the students when qualified. 
There is also the danger of too rapid expansion when 
there is not a sufficient number of first class trained 
men to staff them. There must also be such relation 
between the financial rewards in a university career, 
whether of teaching or of research, and those else- 
where as to ensure that a due proportion of the 
ablest minds of each succeeding generation are 
attracted to such careers. 

Relation hktwkmn Teaciiinc*. and Rkskarch 

There arc other problems in the basic strategy of 
research we have still to consider. One of them is 
the relation between the teaching and rc.search in 
univensities. It is accepted that teaching must be in 
vital touch with re.search, but we have to considei 
how far the two functions may be combined in the 
same .staff. There is concensus of opinion that all 
research workers should be given the opportunity of 
expounding to others the significance of the fielil in 
which he is working, but we should also .see that 
really great teacher witli a genuine talent for exposi- 
tion and for inspiring others should be given full 
scope. vSuch teachers arc not necessarily great in- 
ve.stigators also. vSir J. J. Tliomson has urged that 
greater regard .shr)ulcl be ])nid in making appoint- 
ments to teaching posts, to the power of candidates 
to present a subject in a clear and attractive way. 
Those who have had the oi)portunily of attending 
courses given by J. J. Thomson and C. T. R. \Vils(ni 
will appreciate the pf)int in the suggestion. 

There is further the (|ucstion as to what provi- 
sion is to be made assist in l^ringing to the fore 
directors or managers of research of the requisile 
calibre. According to our views, universities shouM 
not be regarded as forcing houses for the production 
of leaders in industries or in other spheres. It is 
.sufficieiK that training in universities is such that 
there are no impediments to originality and to those 
who po.s.sess creative and imaginative minds. There 
could be no greater blunder than to introduce into 
the selection of .scholars to the universities cousidcra' 
tions other than those of intellectual ability, origina- 
lity and independence of mind. If the conditions in 
the schools and in the universities are right, character 
will be devcloi)cd as a matter of course. Its selective 
influence will be felt when the graduate enters the 
larger world in so far as its importance is recognized 
by the community, just as phy.sical fitness is recog- 
nized as important. Provision of senior research 
fellowships may be helpful for encouraging men of the 
right type for responsible positions in the direction 
of research. * 

We next come to the consideration of conditioiiJ^ 
by which the supply and quality of the men required 
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for positions of research, administration and produc- 
tion adequate to our needs may be maintained. This 
belongs to the purview of tactics of research. 

The first requirement is that conditions of 
service must be made sufficiently attractive in all 
services in which scientists arc employed, including 
the government services, industry and universities. 
In the universities there inust be a reasonable balance 
]>etween standards of remuneration and status between 
leaching and research posts. In addition to the im- 
provement of salary scales, we have also to consiilcr 
other factors which affect the attractiveness of a 
scientific career to men of outstanding abilities. 
Some fore thought is necessary in idanning the ex- 
tension of sui)f)ly of personnel so as to keei> a balance 
between supply and demand. Violent fluctuations 
with consequent intermittent, and perhaps wide 
spread, graduate iiiicinploynient can have a detri- 
mental effect on recruitment. vSoiiie attempt on the 
jiart of institutions to formulate quantitatively, as far 
as possible over a i)eriod of years, their requirements 
for scientific and other academically trained ])ersoniiel 
is highly tiesirable. It is also desirable, as pointed 
out before, to equip the scientific workers with more 
a(le(iuate supply of eciuipment and apparatus, and 
also to train up a sufficient number of laboratory 
tLchnicians and to award diplomas to them. These 
technicians should be given improved status and pay. 
Xext in importance to provision of adequate remu- 
neration and e(iuipment is the question of stjitus. It 
usually happens that higher status is given to 
lulministrative posts, and research workers of ]noved 
administrative ability should not be debarred from 
holding such posts. There may be other workers of 
outstanding re.search ability who are ill fitted to hold 
such posts ; but this should not be considered as 
debarring them from obtaining e<iuivalent sUitu’s. 
Another factor which may increase the attractiveness 
of an industrial career in research is a liberal policy 
of freedom to publi.sh the scientific aspects of apfdied 
research undertaken in industrial concerns. Pub- 
lication of the .scientific asj^ect of his work is the 
legitimate ambition of every research worker. Kx- 
perience has shown that such ambitions are not in- 
consistent with the interests of firms engaged in 
conq)etitive industry. 

Intkrchanok and Mobility ov Rksicarch Workkrs 

We have next to consider the factors which are 
best calculated to inoinote favourable conditions for 
creative work. Interchange and mobility of research 
workers is an invaluable stimulant to freshness of out- 
look, and new ideas. Increase in the mobility of re- 
search workers, whether between one branch of 
industry and another, or between the universities 
ynd the Government departments, or between the 
qidustry and tj^e universities^ is not 99ly essential. 


to ensure the best possible distribution of the avail- 
able supply of research workers, but is also a stimu- 
lant to creative thought and further makes possible 
corporate attack on common problems, especially on 
border line problems. There should be systematic 
provision for research workers engaged in industry ta 
return to university or to spend a period at a spe- 
cialized rcst*arch centre, both to keej) their funda- 
mental equipment up to date and to derive refresh- 
ment from day to day contact with colleagues engaged 
ill other fields of research. 

Adjustment of the conditions of work so that 
they arc more comparable with those in different 
fields is one of the means of facilitating such 
mobility and interchange, one of the most imix)rtant 
of which is the institution of a common system of 
superannuation. One such means of inlercliaiigc, 
particularly at the universities, is the sabbatical year, 
which will enable scientific workers to give undivided 
attention to research problems fijr a long period. The 
other is the granting of leave for i)uri)oses of original 
work and investigation. The second method is spe- 
cially suitable for employees in Government deparl- 
ineiit and in industry. This will enable easier inter- 
change between industry and the universities. Such 
facilities for interchange will bring up the question 
of the choice of subjects taken iq) for investigation, 
and bear particularly on the (lueslion of freedom of 
science and of publication. 

Relation between lNr)U.sTRY and University 
Research 

It is argued that universities .should avoid all 
association with industrial researcli, of which the 
results cannot be freely published and made generally 
available. This attitude is taken iq) in regard to 
work performed wholly or partly in a university 
laboratory, both on the grounds that scientific work 
at the university ought to be carried out without j profit 
motive and that secrecy always interferes with the 
free exchange of ideas among research workers and 
creates the wrong atmosphere for fully successful 
fundamental research and for teaching. The primary 
ta.sk of universities is for advancement of knowledge 
combined with teaching work of high standard, and 
iiolhiiig should be permitted which may to any con- 
siderable extent direct them to undertake the work 
which they would not undertake on its own merits. 
It is, therefore, necessary from the point of view of 
personnel as well as of organization to exercise 
caution in using university laboratories or research 
workers for applied research which would involve any 
restrictive conditions or .slackening in the pursuit of 
knowledge. While it is right to guard against the 
danger of university departments falling too much 
under the influence of particular firms or industries 
dQtriiqc,i)t. qI. their njain task, the pursuit of. 



3(50 


SCIENCE AIJD CDIvTURE 


Vol. X, No. 9 


applied science in university institutions should not 
be limited, when this arises naturally out of the inoi'e 
fundamental work and can be carried on with full 
freedom to discuss the problem and to publish results. 

The (picstion of i>crmillinR research in university 
laboratories on behalf of the industry appears to be 
looked upon from a diflereiU point of view in several 
American univcrsilics, as can be judged from the 
following (juotation taken from remarks made by 
A. R. Oplin in a recent discussion : 

“Mannfartiirers arc inclined to he jjenerous in suh- 
sidi/inif rcsetircli projects in universities and institutions. 
They are inakin.ij available lar^'e sums of money for this 
purpose with few sirinj^s atlached. The investii»ations are 
established under contracts with only eiioui^h ])atent pro- 
tection KuaranteeiiiH^ the donor to ensure willint^ness to 
develop the lindill^,^s in useful directions 

Most industrially sponsored itivestix;aii<»iis are coiidiK*t- 
ed for a specific ]nirpose under a project system. This 
often leaves 1“ scientific data, and it becomes the 

res])onsibilily of universities and foundations to fo.ster the 
less speetaeiilar research needed to fill in tlu^ .ijaps so that 
the hnvid frontier of knowledjife may constantly e.vpand.** 

Thtis in tunny Aincricnn universities research 
foundations or administrative agencies arc beiiift estab- 
lished. These are non-profit makini^: a^*c*ncies estab- 
lished either lo exploit iiatcnts arising out of 
university research or for uiidcrtakiiif* under jiroject 
system investiKJdions on behalf of manufacturers. 
That the activities of such foundations may lead to 
undesirable results from public welfare point of view 
was pointed out by us in an account which appeared 
ill the January Tg45 issue of SciKNCK ani> Cui.tukk 
under the headiiif» “»Storni Over Sunshine 

pRESKNT NKOLECT (IF Bl()I.OOlC.\I. AND 
S(X:iAh vSciHNCE 

We have been discussin.e: the relation of physical 
sciences to industrial research. According to many 
competent authorities, the future im]»act of biological 
advances in agrieiilture, medicine, nutrition and socio- 
logy may be of the same order of imiiortance as that 
of physics and chemistry during the past fifty years. 
Tlie demand for biologists in the jiost-war pcri(xl is 
lM>und to be large, and this requires that biology 
should be given a more important place in the curri- 
culum. A special survey is necessary for the expan- 
sion of research and the creation of .additional chairs 
ill such related subjects as genetics, ecology, bio- 
chemistry, veterinary sciences, etc. Closely related 
to these subjects are those of social biology and of 
sticial and preventive medicine. There is a further 
field of investigation where our research effort has 
l)een inadecpiate and where our technique is just being 
only developed, because limitations of scientific me- 
thod in situations iiividving judgmenls of value have 
not been fully recognized. These refer to fields of 
social and ecoiKjmic surveys. 

Thus it appears that for a proper use of our 
Available resources in men and material an over-all 


survey should be undertaken at an early stage of the 
main objectives, as distinct from detailed or particular 
subjects of industrial and the chief branches of pure 
and applied sciences. Until this has been done we 
arc neither in a position to make the intelligent 
allocation of priorities of grants, etc., which in post- 
war periods will be essential. From the point of 
view of the scientific workers themselves also, it is 
necessary that some attempt to sum up the re- 
quirements of research from a national point of view 
and to indicate the broad fields to be develojicd is 
equally important. It provides the universities with 
a rough basis on which to estimate the number of 
trained workers required both in total and in different 
branches of knowledge. Demands for workers in the 
natural sciences can then be balanced with those for 
workers in the growing body of statistical, economic, 
sociological and ])sychological studies of no le.ss 
importance to the community and to the industry. 
But beyond this it brings to the research workers in 
any field a growing awareness of the relations of their 
problems to those of students of other fields. That 
consciousness, with the more intimate contact with 
research workers who are asking other (piestions and 
employing other methods, which should flow from the 
new and fuller integration of our research effort should 
help lo breakdown the isolation with which scientific 
workers have surrounded themselves in the past. 

Organization of REvSearcii and TkAiNiNci in 
Oreat Britain and U. S. A. 

We shall in this section give an account of how 
research is organized in G'reat Britain and also how 
such rej^arch and training for research is financed. 
A short account will <^hen be given of the functions 
of similar organizations in the U. vS. A. 

At present research in Great Britain is carried on 
in five main groups of establishment vis., (/) labora- 
tories of the universities and technical colleges, (ii) re- 
search stations of the Department of Scientific and 
Industrial Research (D. S. I. R.) and of the Agri- 
cultural and Medical Research Council, (in) Research 
Associations, (iv) research laboratories maintained by 
private firms and (ii) research establishments of the 
Fighting Services. 

I. Universities . — In relation to science the uni- 
versities have a dual function of training scientific 
workers and of conducting fundamental research. 
According to recent estimates the university income 
of the U. S. A. (population 130 millions) is now more 
than ten times that of Great Britain (population 40 
inillions) and her research expenditure £70 millions a 
year is at least ten times as large. 

Direct Government as.sistance to the universities 
in Great Britain now takes the form of annual grants 
from the Treasury amounting to £2% millions, and 
is allocated through a Treasury;. Committee, called the 
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University Grants Conniiittee. In addition, local 
authorities and other Goveniinent departments provide 
over one million pounds approximately. For the 
training of research personnel, the D. S. 1. R. gives 
grants to loo students. It is felt that both the number 
and the amounts of the grants should be increased as 
well as the range of subjects they cover. The medical 
and agricultural sciences should bo similarly i)rovided 
for. 

Research work undertaken in the universities 
comprises (i) fundamental research, (ii) research on 
liehalf of individuals and firms and at their exi)ense, 
(///) research on behalf of .some of the Research Boards 
w ho do not maintain tlieir own laboratories, but place 
their work at universities and elsewhere. 

A need has been felt of relating the universities 
more intimately with the research effort of the country 
ns a whole so as to facilitate the planning of that 
effort more effectively. Preliminary to that it is 
necessary to co-ordinate the research activities of the 
universities themselves. Proposals have been made 
to establish a universities* advi.sory council •entirely 
free from Government control, whose function will be 
to advise, throiigh its sub-coinmittees, when and 
where new* departments will be needed for investiga- 
tions of newly oi)ened fields of knowledge. The 
University Grants Committee which is a purely Gov- 
ernment Committee will act normally on that advice 
and jwovide funds accordingly. Kacli university will 
have its own research coinmittee to watch over dc- 
partiiicntal activities and inescnt a total research 
hiidget to the university for transmission to the Grants 
Committee. Such research committees w ill also main- 
tain contact with the relevant sub-committees of the 
Advisory Council. 

II. D, S, /. R. and Us Research Stations, in- 
cluding those maintained by the Agricultural and 
Medical Research Councils . — ^The work undertaken 
in the Gbveriimeiit research stations deal w’ith, the 
maintenance of accurate standards of length, time and 
weight, the conduct of researches in subject like 
astronomy and geology. They also undertake spe- 
cialized forms of industrial research as factory light- 
ing, ventilation as well as on industrial safety ; other 
investigations deal with problems of soil erosion, 
forc.stry, plant disease, water supply and many other 
prol.)lem.s in the domain of agriculture and health 
which have social as well as economic bearing. The 
programme of each research station is drawm up on 
the advice of a research board consisting of outside 
scientific men and industrialists, with representatives 

the interested Government Departments. All of 
them are placed under the Lord President of the 
Council. 

III. Research Associations . — ^These organizations 
Were started about twenty five years ago, and include 
co-operative firms belonging to particular industries. 


m 

Their e.ssential feature is that they are to be orga- 
nized by the industry concerned, who frame tlie in'o- 
granime of w'ork to be followed and ap|>()int the staff. 
The income of each association consists of subscrip- 
tions and donations from subscribing firms which is 
taken into account in fixing the (jovernnieiit contri- 
bution which is paid through the D. v^. I. R. All re- 
.sults arising from the geiieral programme are the 
property of the Association and its members, in- 
cluding patents, and no benefit accrues to llie 
State from the financiLd advantages earned thereby. 
vSome of the investigations are carried out extra 
murally in universities. The total c.\i)endilnre 
of the grant aided as.sociation was estiimated at 

50,000 ill i()45. 

IV. .Social Sciences. — 'I'liese cover a wiile field 
and are on the whole less well organized than the 
natural sciences. There is at ])resent no organization 
which can act on behalf-of the social sciences like the 
Royal Society on behalf of (lie natural scieiice.s. 
Again lliere is no organization financed by the (luv- 
ernment to assist research in social .sciences parallel to 
the I). vS. I. R., the Medical and Agricultural Research 
Councils. Subjects which come under this group 
includes Demography, Anthropology, vSocial Surveys, 
Itconomics, Administration, PMucation, Psychology. 

Need has been felt for the organization of research 
carried out under direct ('overnineiU auspices, for 
ensuring a wider view' and of effectively correlating 
the work of the Advisory Councils of vScientific and 
ImliLslrial, Medical and Agricultural Research. The 
organization should cover the whole social and 
economic field and provide the (lovernment with the 
l)est impartial scientific advice on all matters 
indnstrial development ami on the ai*plication of 
scientific knowledge. 

Organization ok Rkskarch in thh U. S. A. 

The National Academy of vScieiices w'as estab- 
lished by Abraham Lincoln during the time of the 
civil war for the purpose of advising the Gt>veriinieiit 
on technical scientific matters. When the first World 
War broke out there was such a trememlous volume 
of war re.search referred to the Academy that need 
for extra help was pressing. The Academy then 
established the National Research Council (N.R.C.) 
consisting partly of members of the Academy and 
partly of non-members to a.ssist with its work. The 
two organizations formed a science and research ad- 
visiiry division for agencies of the Government. After 
the war the Council devoted itself to the furtherance 
of re.search in general but continued its co-operation 
with the Government .scientific bureaus. When the 
pre.scnt war broke out many pcoi>lc realized that 
much scientific research w'as needed by the War and 
Navy Department, and that the scientific effort should 
be organized under the Academy and the N.R.C. 
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After some discussion it was decided that a civilian 
research agency should be set up in the executive 
department for the duration of the war, which would 
be supplied with money to work on “new instru- 
ments and instrumentalities of war’*. This led to the 
creation of the Office of vScientilic Ke.search and Deve- 
lopment (O.vS.R.D.) The latter operates entirely by 
contracts with existing academic institutions, indus- 
trial organizations and government agencies. The 
method is designed to utilize to the utmost available 
facilities and personnel and to avoid as far as possible 
the construction of new large laboratories. Approxi- 
mately 200 industrial laboratories and loo colleges 
and universities are at work on O. S. R. I). i)rojects. 

The position of O.^ vS. R. D. in the post-war 
period is at present under discussion. In a recent 
pai>cr contributed to a N. R. C. Conference of 
Physicists, R. C. Dunn has a valuable paper 
on ‘To what extent is Oqvernment financial aid 
for training and research desirable?’ Starting with 
the basic assumption that fundamental research is a 
public need and public responsibility, Prof. Dunn 
analyzes the sources of support of research and train- 
ing in the U. S. A. These are (/) from funds of 
foundations and endowments, given either directly 
by them or through universities and research institu- 
tions acting as agents to foundations, (//) research 
supported by industry and (Hi) Gbvernment. The 
amount spent by the Government during the present 
war pcriotl is variously estimated to be between 400 
to 600 million dollars per year. The question is 
raised whether the private foundations like the 
Rockefeller iMjundation will be able to supiiort funda- 
mental research to the extent they did before the war, 
as many of them are self-li(|uidating organizations 
who will distribute their funds by the next generation. 
Of the remaining two sources it seems inevitable that 
Government will supplement and ultimately replace 
the foundations as supporters of funtlamental research 
in science because the magnitude of many of these 
projects will be so large that private sources or in- 
dustry cannot be expected to amass the sum required 
or take the risks involved. Tliese research projects 
by their nature cannot be expected to yield imme- 
diate returns, and it is primarily to the foundations 
and to the universities they have turned for support 
and to the Government they must turn in future. 

It is suggested that a Government granting 
agency should be started to replace or to continue the 


support which have been furnished by the O. S. R. D. 
and other research supporting committees, except 
that the type of suj>port must be broadened to include 
all sciences, and that it should act as a clearing 
agency tlirough which all sciences can communicate. 
Til answer to the (piestion ‘who is going to own the 
results of research’, two alternative answers are sug- 
gested. One that it .shall be the primary, requirement 
of those receiving public funds for research, that all 
research should be freely published, and that Gov- 
ernment should be required to defend infringement 
suits brought against users of processes discovered 
and developed in projects supported by public funds. 
The other answer is the creation of a public, non- 
profit patent authority like the research coriiorations 
of some of the American universities to own and 
administer the processes di.scovered and developed 
by public grants. Another question which has also 
been raised is how should training for research be 
financed ? All advanced training is post doctorial 
and is open to very few persons at jireseiit. It is 
obvious J:hat more fellowships for advanced training 
are necessary. Two possible ways of implementing 
this is suggested. First the creation of ailvanced 
stutly institutions maintained like State universities 
at public expense and .second a Government fellow- 
ship board to lie set uj> which will award fellowships 
and scholarships tenable at research institutions and 
universities. 

Prof. Dunn then asks whether the chief problem 
is in the method of financing training and research 
or whether it is not the fundamental que.stion of the 
divorce of support and control of research, i.c. the 
freedom for research workers and the inevention 
of interference and fav urilism which every one fears 
as Government enters new’ fields of science. An 
obvKius remedial mechanism is to interpose between 
the source of funds and the recipient, an independent 
board of .scieiiti.sts like the grant in aid committees 
but witi; some imblic repre.sentation. 

It will be noticed that all the questions involved 
in the provision of greatly increased support of train- 
ing and research in .sciences by Government and 
industry in this country have been considered both 
in Great Britain and in the U. S. A. In the next 
is.sue we shall consider the application of the prin- 
ciples elucidated from the above discussions to 
conditions inevailing in India. 
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SOME FOOD AND NUTRITION PROBLEMS OF THE 
PRESENT AND THE POST-WAR PERIOD 

V. SI'URAllMANYAN, 


INDIAN INSTITtlTK OF 

poOD is one of the foremost necessities of the 

human race, and in spile of the fre(iuently cited 
philosophic contempt for it, good and nourishing 
food has always been of considerable interest to the 
great majority of mankind. 

Scieiititic interest in the subject is, however, 
only of recent origin and although much valua!)le 
work has been done, esi)ecially during the i»ast few 
decades, many of the outstanding problems still 
remain unsolved. A fresh approach is also needed 
in some important lines. 

About eighteen months ago, representatives of 
forty-four nations met at Hot Springs, Virginia, and 
evolved what is now popularly known as the ‘Inter- 
national Yardstick* for nutrition. The Conference 
laid down that, depending on age, profession and 
other conditions, every man, woman and chilil would 
re(iuire certain (luantitics of the essential fr)od ingre- 
dients for the maintenance of normal health. 'L'hus, 
llie adult would re(iuire food with a calorific value 
of -?,5oo and containing about 70 gins, of protein, 
about I gm. of calcium, about 12 mg. of iron, 5,000 
International Units of vitamin A, about 2 mg. of 
vitamin H,, 15 to 20 mg. of nicotinic acid, about 
75 mg. of ascorbic acid and about units of 

vitamin I). There are also small reciuirement (vf 
other vitamins, minerals, etc., but tliese are usually 
found in the common food. It is only occasionally 
tliat one comes acro.ss gross deficiencies of copper, 
iodine and such other elements. 

The task of the nutrition expert is a very diffi- 
cult one, and while prescribing standards such as 
the above, he is painfully conscious that he has to 
compare hundreds of substances which come in the 
same category. He has also got to ]>rescribe for 
different economic levels and in this he has only the 
gross composition to go on. 

vStarting from only the gross analytical figures, 
it should ])e possible to evolve a cheap diet consisting 
exclusively of cereals, pulses and related products, 
greens, oil and salts and containing the same food 
essentials as an exi^ciisive diet consisting of meal, 
fish, milk, eggs, butter and vitamin concentrates, 
together with adequate amounts of carbohydrates 
and minerals. Even animal experiments may evoke 
nearly the same response from the two sets of diets, 
but they are still not strictly comparable as articles 
<^f human food. The diet prepared out of the second 
group of food materials leads to much faster grow th, 
protects against a variety of discavses and is, in every 
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way, sujK'rior to the one prepared out of former 
group. It is here that the Inlernalional Yrirdstick 
fails ; gross chemical coini>osition and even animal 
cxperiinciits arc not sufficiently dependable in so far 
ns Ininian response is concerned. 

To cite a few' instances, substances possessing 
the same calorific value are not burnt to the same 
extent by the human body. Proteins from different 
.sources arc not utili/.ed to the same extent. In spite 
of their high biological values, some of the pulses 
arc highly indigestible and cause serious disorders 
if taken iii more than moderate (luaiitities. Mineral 
and vitamin deficiencies are not uncommon Hinong 
people eating plenty of leafy vegetables and fruits. 
These and other items of evidence would .suggest 
that there is a further factor that determines the 
utili/ation of fooils, and that all foods must be eva- 
luated from a new' angle. 

The significance of the foregoing will be further 
realized when we compare the food of man with 
those of animals. Taking for instance, the domestic 
animals, such as the cow, the buffalo and the pig, 
we lind that thev eat fairly coarse tyiK's of food 
which man cannot ordinarily hope to digest. They 
utilize this food to build up tlieir body materials 
which are ultimately utilized as a good form of 
human food. 

bet us now turn to another side of the picture. 
The sewage, as represented by a mixture of domestic 
and other wastes is of a composition which cannot 
be used as forxl even by the common animals. It 
is, however, utilized by some of the lowest forms 
of animals (the protr)Zoa) whicli, in presence of nir, 
build up their body materials out of the conglo- 
merate of waste materials represented by scw'agc. 
The protozoa are, in turn, utilized by worms and 
insects and llic latter arc used by fish and other 
fauna as their food. The fish makes a high class 
article of human food. A somewhat similar series 
of changes takes place in the .sea, where the low'est 
forms of life build up the vSlartiug materials and 
these, in turn, arc utilized as food by the higher 
foi ms. 

The foregoing observations would show’ that the 
lower forms of life arc cikIowxmI w ith digestive mecha- 
nisms which enable them to utilise a variety of forms 
of organic matter. The higher animals have also 
got efficient digestive sy.stcms and arc able to break 
up and build their tissue materials out of a variety 
of coarse materials. iMan requires softer forms of 
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food and that in a cooked condition. Speaking com- 
paratively, his digestive system is far less efficient 
than those of tlic lower animals. 

It is true that persons in certain walks of life 
arc able to util i/e even very coarse food materials. 
They can even stand a certain amount of pollution 
of tile drinking water. Tliese are, however, only 
exceptions. Tlie average man — esi)ccially one in a 
.sedentary occupation - is unable to make proper use 
of coarse food materials. He requires soft and pre- 
])ared food in a readily assimilable form. From this 
point of view, animal foods are usually more readily 
utili/al)le than the coarser vegetable food materials. 
I'his difTercnce must l)c made iij) if vegetable food 
materials are to rank in the .same class as animal 
jiroducts. 

Every form of life is described by the physiolo- 
gist as being made up of a number of autocatalytic 
systems. Once the framework of life is granted, 
the living cells are capable of* transforming food 
materials into more living cells, and thus building 
up bigger and bigger .systems until a certain limit is 
reached. In other words, if the food substances 
contain all the |)rinciples that constitute the cell 
materials, the living matter will automatically trans- 
form them into more cell material and thus build up 
a bigger and healthier system. 

There is no doubt that vegetable food materials 
contain all the principles re(|uired l)y the animal 
body ; but the human systeirj is unable to make as 
good a u.se of them ns the louer animals can. The 
tissues of tlie same animals (which are closely allied 
to the human tissues) represent a concentration of 
the essential ingredients collected out of vegetable 
food materials. In -this manner, the animal serves 
as a useful intermediary in collecting concentrated 
food for man. 

In recent years, a great deal of work has been 
done on the chemistry of the muscle and the active 
principles contained therein. It is now realized that 
ai)art from lieing a rich s(nirce of protein and 
minerals, the muscle tissue consists of a number of 
living .systems which are responsible for many of the 
important transformations in the animal body. Such 
systems are u.siially made up of com!)inations of pro- 
teins, minerals and vitamins. The essential hor- 
mones can also be built up out of animal tissue 
material. It would thus be seen that animal body 
material would constitute some of the best food 
materials out of which more animal tissues can be 
built up. 

The above facts, though of profound scientific 
interest, are not universally applicable for a variety 
of reasons. Firstly, not many can afford a rich diet 
containing a suitable blend of animal and food 
materials with vitamin concentrates. Secondly, not 
many will cat such a diet because of religions and 


sentimental considerations. The position will con- 
tinue to be the same and, if anything, it will become 
worse with the pas.sage of time, especially, in thickly 
peopled countries like India. 

It is well known that even under favourable con- 
ditions, agricultural production can increase only by 
about 30%, whereas human population can easily 
double itself in a few decades. With improved health 
and sanitary measures, protection against epidemics 
and so forth, the population in a country like India 
will increase enoniion.sly and will soon outstrip agri- 
cultural production. No ainount of imi)rovement of 
agriculture during the post-war period is going to 
keep pace with the requireiiienls of the growing popu- 
lation of the country. Sooner or later, there is bound 
to arise fresh difficulties in the matter of food over 
different parts of India. There will be very little 
of food for man and still less for animals. In such 
a competition, the animals will be the first to .suffer 
and then man will follow. 

Such a problem has already arisen in China where 
the animals have been .steadily disappearing. A large 
.section of the people do not eat any meat ; they do 
not even get any milk, .so iiiucli .so that they have 
gone off the habit of using milk. They have evolved 
a system of using purely vegetable food materials 
which are raised primarily for meeting the needs of 
man. In course of time, the crowded parts of India 
are bound to be thrown increasingly on purely vege- 
table food materials with fast diniinishiiig quantities 
of animal food. It will follow that, apart from every 
other consideration, vegetarianism will be forced over 
a large part of India unless effective inca.sures arc 
taken to check the increase in population. 

Taking the abo\H facts into consideratif)ii, it 
would follow that the task of the nutrition expert 
will soon become one of providing adeciiiate and 
easily assimilable diet out of ])urely vegetable food 
materials for a large section of tlie population of the 
country. As already mentioned, vegetable food 
iiialcrials, especially of the coarser tyi)e, are not 
ea.sily digc.stible, .so much so that if this defect is 
not removed, inal-nutrition and mider-nulrition will 
t>revail even in spite of the ai)parciit adequacy of the 
diets. 

Examination of the gastric secretion of a large 
number of pcrson.s, as also of children, suffering from 
inal-iiutritioii and related disorders have shown that 
they have very low powers of digestion. Continued 
eating of poor and coarse food materials has affected 
their power of secreting their dige.stivc juices, and 
consequently they are unable to build up the essential 
reserves. In this manner, the deterioration will go 
on until a very low level of existence is reached. 
This vicious circle must be broken up at some point 
by suitably modifying the vegetarian diet so as to 
render it more easily digestible. 
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Processing of foodstuffs to improve their digcsti- 
is well known and practised all over the world. 
The commonest method is cooking. vSteeping and 
germination are al^ generally known, though not 
universally practised. Teavening is a method of pro- 
cessing for making bread and other similar prepara- 
tions more digc.stilde. The number of methods known 
and practised arc fairly limited and excepting in a 
few cases, they are not sufficiently effective in achiev- 
ing the desired end. The people concerned with the 
preparation of food, generally, the housewives, are 
usually very conservative, and they will not readily 
change from the methods handed to them from one 
generation to anotlicr. It is here that science has 
to come to the aid and help to educate the peojde to 
a<Io])t new and improved methods of processing foods. 

Not many years ago, there was a good deal of 
active propaganda ff)r the use of the wonder bean, 
tl]e ‘Soya’, as an article of household diet in India. 
Not many were first ivilling even to try it ; even 
those wdio tried, had followed the usual traditional 
methods of cooking and found that, under such con- 
ditioTis, it wms no belter than the common Indian 
pulses. Some even found it to be highly indigeslihle. 
Xntritioii experts who comi)arod it in the conveii- 
lioiial way with the other juiLscs found it to ho in no 
way, sui)erior to the ordinary jmlses. The fad .still 
remains that in other parts of the world, c.specially 
in China and Ja])an, it has really iwovod to be a very 
valuable article of diet and has helped people to 
maintain excellent health in spite of the necessity 
of having to give up meat and milk. 

The reason for the above divergence of expe- 
rience lies in the method of proce.ssing employed by 
tlie users. In China and Japan, the soya is never 
cooked and eaten whole. It is usually first pro- 
cessed tf) yield the milk which is subse(iucntly utilized 
ill different ways. The elimination of the roughage, 
the colouring principle and the bitter principle tend 
to improve the appearance, the taste and the dige.sti- 
hilily of the pulse and lienee its utility as an article 
of Inimaii food. 


Similar and even more improved methods arc 
possible in regard to the other articles of food. One 
of the best methods is to treat the food at the appio- 
priale .stage with small quantities of digestive enzymes 
of animal or vegetable origin so that the food 
material becomes soft ami easily penetrable to the 
dige.stive juices of the body. 

In cases of extreme deficiency of digestive juices 
and under conditions in which no form of processing 
is possible, use of predigested and concentrated foods 
will be of utmost importance in building up healthy 
reserves of body material and in facilitating resistance 
to infection of various types. 

Over-processing of foodstufls should of course be 
avoided, esi)ecially in tlie case of normal jieoplc, as 
that will U‘nd to reduce the m)niial processes of secre- 
tion and even encourage easier and more sedentary 
habits of life. Adopted with discretion it should be 
of great value in bridging the ai>i)arcnlly enormous 
difference between rich animal diets and coarse 
vegetarian food. 

The time has now’ come when the increased 
application of science to the processing of foodstuffs, 
not only to improve their taste but also their 
digestibility and general food value, is badly needed. 
This should definitely be one of the post-w’ar pro- 
grammes of work in India. 

Thanks to the exigencies of w’ar, India has now 
an active department of food. This department has 
now a unique opportunity to initiate work i\i the 
above and related subjects. It is hoped that the 
opportunity wdll be made the fullest use of not only 
ill standardizing and applying already kuowni methods 
of t)rocessing, but also in sponsoring work that will 
lead to the develo])incnt of new^ methods that can be 
used both for nieeling the ])rcsent rc(juiremcnts and 
for successful practical aiqdicalion during the post- 
war ])cric)d. That will he the greatest service wdiicli 
the Indian Food Department will be rendering to 
the country and, to some extent, to the world in 
general. 


CONSUMER SCIENCE IN INDIA 

R. L, MOORK. 


DKHRA 

QONvSUMER science, or science applied to the 
problems of the consumer of goods, is a highly 
specialized stiiJly in America, but in India it does 
Hot .seem to have made its appearance. In a per- 
fect society consumer science would be the handmaid 
producer science, the science of the manufacturer 
2 


DUN 

but unfortunately the two sciences are often at cross- 
purposes.' Consumer science attempts to assess 
the real value of goods or services available to the 
consumer. Producer science on the other hand is 
attempting always to discover the easiest way to 
flood the market with profit-making goods. In our 
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present social system producer science is dominant 
and consumer science recessive. Racked by indus- 
trial wealth and brains, and with perfect under- 
standing of the consumer’s psycholo^^y, producer 
science in every way overshadows the ineffective 
attempts of the coiisinner to discover what ffoods or 
services are most profitable to him. Even the most 
gullible «consuiner sooner or later realizes that he 
has had a bad bargain, but tlie ease with which hair 
restorers or jiateiit medicines are sold gives some 
indication of the feebleness of the consumers’ mental 
l)rocesscs. 1'he fact is tliat the consumer seldom 
retilizes that i)iire milk at Re. i/- i)er seer is a better 
bargain than a 50 |)cr cent milk and water mixture at 
nine annas ; that a toothbrush with nylon bristles 
costing 30% niort.‘ than an ordinary one is much 
better value for money. These are the sorts of 
questions the consumer needs to got answered if he 
is to keej) his head above water in a world where 
his rupee can only buy six annas worth of goods. 
Some ways in Avhich a scientific aj^proach might be 
made to the problems of a consumer of moderate 
means in India are outlined below. 

Tiik Ritvinc. or Fruit 

One interesting social elTcct of the war is that 
inflation has brought the middle classes into the 
bazaar to do their own shopping. One of the nio.st 
difficult problems is the purchase of fruit. Why 
does one buy fruit at all ? ^^any people buy it simply 
becau.se they like it, but this reason, for the ‘new 
poor*, is not in itself a good enough answer, 'fherc 
is a reason beyond this ; fruit, because it can be got 
fresh and eaten uncooked is the best source of 
vitamin C fascorbic acid). Vitamin C,‘ we are told, 
is necessary in adequate doscage for liuoyant health. 
There are other factors available in fruit which can 
equally well be obtained in vegetables, cereals or 
pulses. If fruit is an essential part of man’s diet 
then the reason for it is that it is a sure way of 
getting an adctiuate siqiply of the anti-scorbutic 
vitamin. 

The Director, Nutrition Research Laboratories,^ 
estimates that some 30-50 mgnis. of vitamin C are 
required daily by both children and adults. >Siippose 
nigm. per day is taken as the amount we require 
from fruit, and let us hope that the rest of our diet 
is able to supply another 10 mgms. The consumer’s 
problem is simply to find out how to get the 40 mgms. 
as cheaply as ])ossible. He finds many kinds of 
fruits available, at different prices ; some he likes, 
some he does not ; and furthermore to complicate 
matters he discovers that they all have different 
vitamin C contents.^ The following table analyzes 
the problem prog,ossively and needs little explana- 
tion. Prices are calculated from average control or 
market prices in Dehra Dun in 1944. In column 3 


is given the cost of depending for one’s 40 mgms. 
of vitamin C on a particular fruit. Column 4 gives 
the economy rank, No. 1 representing the most eco- 
nomical fruit. The last column labelled ‘Economic 
factor’ is to enable consumers in other price areas 
to find their most economical fruit. If the prices 
of the quantities mentioned (seers) are filled in for 
any place the lowest figure will correspond to the 
most economical fruit. 


TAHLE 1 


Name of fruit 


A ml, 'I 

Apple 

llatinii.a 

Cape gooseberry 
Grapes (blue) 
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Lonioti juice 
,, fruit 
Mango 
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Orange 
I’apaya 
Tomato 
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2 
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From the table, it is concluded that the conunnn 
fruits, amla, papaya, guava, lemons which arc 
looked dow'Ji uj)oii by the well-to-do, can prove the 
poor man’s salvation, for these fruits with lhe?,r 
high vitamin C content are by far the most ecoiir)- 
mieal purchases. Reierring to column 2 it will be 
seen that the consumer’s capacity will be sorely tried 
.should he attempt to get his daily dose of vitamin C 
from grapes, apples or bananas, and yet these seem 
to be very popular fruit. 

Ther». appears to be some obscure connectin’ 
between the vitamin C content of fruit and its popu- 
larity, and in order to investigate this further a 
.survey’ was taken of the likes and dislikes of two 
batches of school boys, each hatch composed of 1.1 
boys. Their ranking of various fruits in order of 
popularity is shown in column 5. From the tabic, 
the following correlations w’erc obtained. 


CoRRRT.ATlON BRTWRKN 

1. Popularity and price j)cr seer ... rho= 0 8 

2. Popularity and vitamin C content ... ,, = “0’3 

3. Popularity and economy rank ^... ,, ='-f)'6 

From the first correlation it is seen that there 

is a high corrcsiKindcnce between how much one 
likes a fruit and its cost. The more expensive a 
fruit is the more it is liketl. Put otherwise it may 
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be that because everyone likes a certain fruit it 
becomes expensive, which is of course the conclu- 
sion which the ordinary laws of supply and demand 
wfjiild lead to. It also seems clear from correlation 
.» that the more vitamin C there is in a fruit the 
less one likes it, and from 3 the more economical 
a fruit is the more it is despised. For the harrassed 
father this is bad news, and the probable explana- 
tion is that ascorbic acid is found most a])undantly 
in fruits of an acid nature, and the resultant sourness 
diminishes its i)o]nilanly. 

Amla was not considered in tlie popularity 
survey or ^iven an economy rank for tlie reason that 
few people seem to have tried it. As it is the richest 
natural source of vitamin C and also the most econo- 
mical purchase, any consumer who finds his fruit 
bill giving him sleejjless nights should consider 
laying in and preserving a stock between December 
and April.'* In conclusion it may be said that by 
purchasing the cheaper varieties of fruit only, as 
indicated in the economy rank, the consumer can cut 
down his normal fruit bill very consideraldy, as long 
as he is willing to face a certain amount of unpoim- 
larity by so doing. 

Tiiii Buying ok Fuki. 

A large item in the family man’s budget now- 
a days is fuel, both for heating as well as cooking. 
.Most householders are guided in their purchasing by 


utilized for heating a room. Fach of the fuels mon- 
tioneil contains a diiTerent amount of energy i)er 
pound and the tiriccs arc also ilifferent. The lirst 
consideration is the numlier of heat units available 
per rupee. This data is given in column table 3. 

This, however, represents the heat which would 
be available from j)erfoctly dry fuel, burnt in an 
ideal grate from which no heat was wasted, both 
of which conditions are far removed from reality. 
All fuel contains some moisture and we can only 
ni.ake a gue.ss as to its amount. In the case of steam 
coal and charcoal the moisture becomes ea.sily notice- 
able if it exceeds about 20 Vo. 10% has ])een taken 
as the average moisture content of charcoal and coal 
if purcliased with care, but the seasonal phenomena 
of the inllux of charcoal sellers after rain should be 
a warning to all consiiiiiers. It is also worth while 
noting that steam coal is in a procc.ss of slow com- 
bustion, and coid hoarders are likely to find the stock 
pile a good deal lighter each year.*' 

The probable moisture coiitent of fuel wood is 
much more diiriciilt to estimate. Fleshly felled logs 
may contain iooV«') moisture, that is, a maiiiid of 
wockI after drying will weigh only seers. The 
water content of wood depends upon the season in 
which the wood is felled and length of time it is 
stacked after felling. Jvxperiments carried out by 
the Forest Research Institute show that it may take 
as long as si.v months for billets to dry out to a 10% 


TAhUn 2 



1 

2 


4 

1 

5 

6 

S«)urt't* 1)1' heal 

Price per iiul. at 

I!. Th. r n-r ll>. 

Apparent H 11, 
i'll, r ])i’r in pee 

U. 'I'll, r pir 

Net It. Th. V 

hiconomic 

Delir.i I)un 

i)f <lry fuel 

.Vpprox. 

I rig;ee allnwiiij^ 

1 for iiioi.aiire 


factor 

Cliari’oal 

Rs. 3- 8-0 

12.(M)0 

270.01H» 

250,000 

50.IMK) 

3-7 lb. 


M4-0 

14,000 

000,000 

540,000 

10S.(K)0 

3-2 Ih. 

W.mkI 

Ks. 1- (M) 

S,S()0 

70S,(K)0 

.5O5,()f)0 

101,000 

(v4 lb. 

I'lliclriv! I’ow'cr .. 

Rs. 0- M) 
per K.W.II. 

543)00 

54,000 

. 54.000 

3-4 K.W.II. 


I»iincij)les of food economics learnt in pre-war days, 
I)nt fuel co.sts have risen so unevenly that the careful 
consumer needs to re-examine the question of fuel 
economics. This is clearly the sort of problem 
which a consumer science might tackle and the 
two tables (table 2 and 3) represent the results of a 
preliminary investigation. 

Fuel for healing the house . — For real economy 
of course the consumer can ao without any fires and 
•^it and shiver in the winter, but in many places in 
India people are accustomed to some sort of room 
heating in December and January. The fuels gene- 
rally available are : coal, wood, charcoal or electric 
l>o\ver, and a rather ineflicient fireplace or an electric 
tire are the appliances in which energy can be 


moislurc conteiil. Wood never becomes (iliite dry, 
ill fad thoroughly air-seasoned timber averages be- 
tween 7 and 15% moisture content deiieiidiiig on the 
place. l’'ew consumers are able to jnirchase WfKid 
in this condition. The ccmsnmcr rarely knows when 
the tree was felled or the length of lime for which 
it has been stacked after felling, or possesses the time 
or equipment neces.sary. to gauge the moisture con- 
tent of the wood. The amount of water he is buying 
with his wood we know will lie somewhere between 
10% and Too%. As a rough guess we may figure on 
a ])rol)able moisture content of 40%. This corres- 
ponds to sal billets from a tree felled at the end of 
November and stacked for about four months, or 
sal felled in early May and then stacked for ij 4 
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months/ Column 4, table* 2 shows the heat value 
of wood fuel on this supposition. 

It must not he imagined that even this figure 
represents the heat the eonsumcr is going to cir- 
culate through liis house, as so far consideration of 
the method by which tlie fuel is actually burnt has 
been neglected. Kven a good grate only sends 20% 
of the available heat into the room.® The rest goes 


in diameter, the sawdust on a similar sized sawdust 
burner, and the electricity was used in the usual 
coiled nichrome wire set in an open porcelain 
matrix. In each case the heat was used to warm a 
large degchi and, after making a radiation correc- 
tion for the degchi, the elTective heat energy 
obtained was calculated. The results are given in 
table 3. 


TABLE S 



1 

1 2 

3 

1 

i 

5 

6 

Source of lieiu* 

Total- b. Th. 

! Price I'tT iiid. 

Eflieiency* 

; Actual B. TJi. 

Rale of work- 

l{c()nonn’c 

U. jK-.r 11). 

i (D/Dn) 

Actual heat 

! U per rupee 

iiig 13. Th. V 

factor 


(Kross) 


Gross heal 

! 

per mill. 


Charcoal 

12,000 

1 R.S. 3- 8-0 

31% 

1 

i 86,000 

37 

9-2 Ib. 

Sawdust 

8,S(K) 

1 R.S. 1-10-0 

24% 

i 102,000 

24 

16-3 lb. 

Wood 

8,800 

1 ke. 1- 0-0 

22% 

1 156,000 

60 

17-8 lb. 

lUeclric Power 


1 Re. 0- 1-0 
; perK.W.fl. 

83% 

1 34,.S(K) 

1 

1 

29 

16 K.W.II. 


uj) tlie chimney and is lost for ever. Good grates 
are rarities but when this oiitimistic correction is 
applied the result is .shown in column 5, table 2. 
It is seen that coal and wood are the most economical 
and charcoal should be ruled out entirely. When 
one remembers that electricity causes no smoke, 
gives off no fumes, and can be switched on and 
off as the occupant leaves the room, then it too is 
worthy of consideration as an economical way of 
room heating. 

The troubles of the consumer as he searches for 
dry fuel should draw his attention to a .solution. 
Why should wood or charcoal be bought by weight? 
If they could be bought by volume all would be 
well. There is in existence an old luiglisli measure 
for wood, tj^e cord, which is a pile of wood 8 ft. long, 
by 4 ft., by 4 ft., and of course the charcoaf sellers' 
kandi is a volume measure although there appear 
to be at least two sizes. Surprising though it may 
seem the average density of piles of irregular objects 
of reasonably similar size remain remarkably 
constant.® The volume of a pile of wood therefore 
would be more likely to represent its heat value 
than its weight. 

The economic factor in column 6, table 2 enables 
similar e.stiniates to be made of fuel costs in other 
price areas. 

Fuel for cooking . — In using fuel for cooking it 
is not difficult to measure experimentally the actual 
heat one is getting for one\s rupee with various 
fuels. Here the fuel used should be thoroughly air- 
dried. People do not usually try to cook on damp 
sticks although they may try to warm a room with 
damp logs. 

The following fuels were tCvSted : wood, char- 
coal, sawdust, together with electric power. The 
wood and charcoal were burnt in an angiti of 


Here again it is apparent that while charcoal is 
an uneconomical fuel in this juice area, wood is the 
chea|)est, followed by sawdust. Klectricity again 
merits consideration h)r occasional heating as there 
is no loss in kindling or wastage after use. 

ThK CoNSPMKk'S lIoUvSK 

In North India the average man'*' when not too 
Inisy, .spends much of his time either trying to kee|) 
cool or to get warm. He may live in an old 
fa.shioned house witlj immensely thick walls which 
while cool in the summer months is chilly and dark 
in the winter, or else a modern house, ideal in winter 
but too bright and hot in the summer. The remedy 
for all this is a light airy house fitted with some kind 
of air-conditioning. Unfortunately to cool a whole 
bungalow is a very exjx'iisive jxoposition, a i:>lant 
for a very small house costing in the neighbourhood 
of Rs. 2000/- and consumiiig one horsepower or 
more, night and day. This sort of outlay is beyond 
the means of many people, and even then the heating 
of the house in the winter would have to be done 
in some other way. 

Professor Thoburn of Lahore has recently been 
inve.stigating the i)os.sibilities of a cheap form of air- 
conditioning, utilizing the earth as a great heat 
reservoir, wliich well deserves consideration. Con- 
sider the annual temperature variations at I^ahore 
as being typical of North India. The temperature 
averaged over the last 6^ years has varied from 40P 
to no® annually. If^5-day mean-maxima and 
minima arc considered the all-year mean tempera- 
ture is 76'®F.^® Now 76® is distinctly chilly in the 
hot weather and yet beautifully warm in the winter. 

* An average man- -one whose income is between Rs. 100 
and Rs. 1,500. 



March, 1945 


CONSIJMKR SCIENCE IN INBIA 


369 


Cannot we avoid the extremes? We can of course 
if we go to the sea coast where the sea acts as a 
gigantic heat reservoir smootliing out the sun’s varia- 
tions and producing an e(| liable climate all the year 
round. In North India there is no sea, but tlicre 
is the earth. It also acts as a reservoir of heat 
energy but in a different way from the sea. When 
the sun’s rays beat down upon the earth in summer 
the upper layers gel warmed and this wave of 
uarmth passes slowly into the earth. 13 y early 
winter, when the upper earth is cool, this wave of 
warmth, now somewhat reduced in temperature 
extends between 6 and 15 feet below the earth’s 
surface. Deeper still the annual temperature varia- 
tions die aw^ay slowly and the earth eventually 
remains at the all-year mean temperature of 76°F. 
('['here is an increase of temperature below the sur- 
face of about i^F per 40 feet bm this can be 
neglected) . 

One could, therefore, live at this ideal teinpera- 
tnre of 76^ if one built one’s house underground. 
This is not news in India for one has only to visit 
llie I\mj)eror Akbar’s h'ort at Agra to find a well 
which has a series of five roAws of rooms around it 
all below ground level. “ Tlie air-conditioning les- 
sons of the Moghuls have been forgotten, but 
'riioburn’s scheme is better than llieirs. He wants 
the house built in the ordinary way, but with fewer 
tlcjors and more windows and capable of being shut 
np. Umlorncalh the house he would arrange, some 

below ground level, a series of tubes in such a 
way that, by means of a fan, air from the house 



could be sent 20 feet below ground level to return 
cooled in summer and warmed in winter. The 


whole scheme is illustrated in Figure i. The 
fan can also draw a regulated sui)])ly of fresh air 
from outside. The direction of air flow is shown. 
Although the bungalow would be shut up it is not 
gas-tight and the vitiated air wcnild gradually leave 
through the many cracks and spaces wliich exist in 
any building. It will be noticed that there would 
be a continuous movement of air from room to room 
which would mean that the use of fans would be 
unnecessary. 

There are plenty of difliculties to be faced in 
designing such a house. How rapidly will the earth 
absorb or give out heat : how fast must the air move 
so as to be able to transfer its lieal to the walls of 
the subterranean tubes ; how much will the scheme 
cost ? These i)roblems have been tackled experi- 
iiKintally and niatheinatically, and Prof. Thobiirn 
thinks he has the answer. To get a very rough idea 
to show tliat the (]uantitics of heal involved are of 
the right order let us suppose tliat in the suiiiiiier 
the underground pipes can get rid of their heat to a 
volume of earth 4c/ x 40' x Take the density of 
soil as 20 and the specific heal as o’ 2 and 
assume that this volume of earth shows a mean 
increase in temperature at the end of the hot 
season of lo'^F. The earth wall tlieii have 
absorbed i (>,000,000 H. Tli. Units. Tliis is equiva- 
lent to I ton of refrigeration for 55*5 days or the 
heat reiiuired to melt 55 ’5 tons of ice at ;>2®F which 
is a very useful amount of cooling for the hot season. 
When winter conies there is now a well wairmcd heat 
reservoir underneath the house, and the heat which 
was absorbed in the summer will now be available 
in the winter. Suppose with the winter circulatiou 
the tem])erature of the volume of earth underneath 
the house now' fell from 10° above the mean to icP 
below'. This would mean that 32,000,000 H. Th. 
Units of Ileal would be available. This is eiiuiva- 
Icnt to over 80 iiiaiiuds of best (luality coal burnt in 
a grate with 2o'X» efficiency. There is of course 
much more to it than this simple calculation shows. 
As far as my present information goes no one has the 
desire or time to try something w^liicli might make 
a tremendous difference to Indian living conditions. 
However civil engineers are so steeped in folk lore 
and old-fashioned ideas that it may take some time 
for this new-fangled idea to penetrate ! 

Thk Consumer’s Car 

For many people, next to the house they live 
in, a motor car is their largest capital investment. 
One would have thought that in such a serious 
matter the consumer would be able to turn to some 
capable, disinterested party for advice 011 how to 
invest his money, but in very rare cases is it possible 
to obtain such advice. The first business of the 
consumer when facing the problem of car purchase 
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is to consider it in its i)ersoiial asiiect under the 
following headings. 

Personal factors : 

(1) How imich casli is available? 

(2) How big is the consinncr’s family? 

(3) Have the wishes of the wife to be con- 

sidered ? 

(4) What is the car re(|uired for? 

The amount of cash available determines whe- 
ther the car is t(j be a new' or a second hand one. 
As the ]jurchase in many cases will be a post-war 
one the very steep slump in used car ])rices when 
new cars commence coming on to the market is a 
factor to be reckoned with. It may bo better to wait 
for the new car. 

If the car is to be used by a family the disadvan- 
tages of ha\ ing a car just too small should be care- 
fully considered. 

The best wives always agree with a hnslnnd’s 
choice in the matter of cars. The most dilllcult type 
sei/.es on irrelevances like the colour of the uphol- 
stery as reasons for their choice. 

If the car is going to be used entirely for towai 
work a small car might serve, but for anything in 
the nature of rough going a big car is essential for 
economical service. 

Having considered i)ersonal factors the consumer 
slunild now’ try ami understand what he i)ays for 
when he buys a car. In the case of the mass- 
produced car the cost is determined almost entirely 
by the weight. On the basis of i<:)4o prices British 
and American cars averaged about Rs. 2-4 a pound, 
about the i)rice of butter. In the high powered 
range British cars tended to weigh more and were 
dearer than their American counterparts. If one has 
the money then a non-mass-produced car is a better 
car, but it is not an economical purchase in that 
giving three times the price does not mean that one 
gets a car with three times the life. I'or the 


average man, however, thfe choice lies between 
British and American mass-produced vehicles. I'or 
real economy the British S or 10 h.p. cars take a lot 
of beating, but among the larger cars experience 
shows that the American car is the most economical 
in India. British car designers have always been 
hampered by a stupid taxation system, which has 
meant that the designer has always been trying to 
circumvent the tax rather than ])roduce the most 
eflicieiit engine. British cars of higher power are 
thu.s heavy on petrol for their si/e, slow in accelera- 
tion, and are made in such a multiplicity of sizes 
and types that buying a spare part in India is a 
heart-breaking business. The belief of most 
Knglishmeii is that British cars wear longer. Certainly 
their coach w ork is superior and rattles Ic.ss but I 
doubt if there are any stati.slics to .show' that the 
mechanical j)art of the American car is in any way 
inferior. From press notices one gathers that British 
makers are concentrating on export models which 
it is hoped will compare favourably in both perform- 
ance and price with t>ost-war American cars. 

There is something different about the possession 
of a car from the posses.sion of other objects. A 
car in some way, like a house, reflects the personality 
of the owner. A flashy i)erson has a flashy car ; the 
wealthy business man travels in a car the size of a 
truck ; the man who does not bother about ap])ear- 
anccs has a creaking, ramshackle vehicle. For this 
reason the modern American feels it his duty to 
have a fresh car every year : he lives in a go-ahead 
country and must always be experiencing the newest 
and the best. This wish to keep u]) appearances 
does not apply to other consumer goods. No one 
scraps his bicycle or 1k»* sewing machine because it is 
out-of-date. The reason is not far to seek : a bicycle 
does not express personality ; no one can make a 
dignifie<l entrance on a bicycle. Also bicycles and 
sewing machines have not changed in essential 
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features or in -external appearance for the last 30 
years. Now all this is of considerable importance 
to the consumer wlio is about to purchase a car. 
Has he boii^j:ht soniethinfi: which will last or has he 
merely entered a vicious cycle of oar followed by 
new car. If only he were sure that tlie car he buys 
in IQ46 would look pretty much the same as the 
car he could get in 1965 he would feel a good de.'d 
happier. 1 shall now endeavour to show that the 
general shajK* of the motor car will soon settle <lown 


unfortunately difficulties wouhl arise. The angle 
of vision of the driver forwards would be very 
seriou-sly reduced and the engine would become more 
inaccessible than it is now. The only alternalive 
solution is to move the driver right to the front of 
the car where he will have uninterrupted vision 
forward. This will mean that he must either sit on 
lop of the engine (using a pancake type of engine) 
or else the engine must go somcw’here else. Fig. 3 
is a possible arrangement. One advantage of the 



to one i)articular shape and them remain like this 
ijidefuiitedy. 

Figure 2 shows a popular Americ'an car of 
\intagc. An obvious disadvantage is that the driver 
has an extremely poor view' of the road inunc(liately 
ill front of the car. In a large American car tested 
a six foot driver could not see the road nearer than 
feet from the front of the car at the worst i)osi- 
tif>n (looking over the top of the radiator). The 
second feature wdiich merits consideration is the 
streamlining. Streamlining, to reduce air resistance, 
is necessary in the interests of economy at speeds 
above 40 ni.p.h. The doited line drawn in Fig. 2 
shows the typeial streamline shape. The fit does 
not ap])car to be too bad until it is realised that 
a streamlined object should travel 'iviih ils blunt etui 
forward and the tapering end to the rear. To get 
the effect of the streamlining the i)re.sent day car 
should be driven backwards ! A streamlined object 
in reverse may have too% greater air resistance 
dian the same shape the right way on. An obvious 
^^ig.gestion which would help to convert the present 
car to the correct shape would be simply to 
move the windscreen to the front of the car. Here 


forward pOvSitinn of the engine is that it lends itself 
to a simple form of transmission to the rear w’hcels. 
The rear wheels nmsl move up and dowm w ith every 
road inc(iuality while the engine remains fixed. This 
with the forw'ard engine is arranged for by having 
a long shaft whose small angular displacements are 
taken nji by a nniversal joint or joints. In the sug- 
gested solution of this problem the engine and 
differential are boiled together and the nK)vcmeiit 
of the rear w heels is taken up by independent spring- 
ing of the axle tubes. When this change of design 
is carried ont and the car has reached the shape 
shown in I'ig. 3 its outward evolution will have 
been completed and only minor changes arc then to 
be ex])ccted. 

This evolutionary j^rocess has already taken 
place in Die case of the aeroplane, where air resist- 
ance or drag is a much more important factor ; it is 
taking i)Iace in the high speed railway locomotive 
and is talked of for ships. The car must complete 
its outward evolution but how long it will take is 
difficult to say. When the streamline shape 
has arrived the consumer will be in the happy posi- 
tion of being able to buy a car realizing that he 
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is no longer at the inercy of mere changes of fashion. 

Iliinclreds of similar and even more important 
questions await an answer in India. One sometimes 
reads articles in India emphasizing the need for aca- 
demic research into the problems of ‘pure* physics 
and chemistry. Surely in India the cinidiasis should 
first of all be on the :ipi)licjitinn of science to living. 
The problems of the citizen in India at the moment 
are too urgent to be put on one side in favour of 
academic researcli. ^I'he Indian consuTiicr has to 
drink impure water and adulterated milk, eat adul- 
terated ata and ghee ; he has to try and cure his 
diseases with adulterated drugs : to wear clothes 
whose colours may or may not be fast, and watch 
them rapidly disintigrate by i>rimitivc laundrying. 
With millions of horsei>ower of water-power running 
to wa.stc and eventually flooding his home he has 
to cook his f(^od on a fire of dung cakes. When he 
moves he has to travel over unmetalled roads in a 
bullock cart wli(\se design owes nothing to scientific 
principles. If in a city he travels in a tonga in con- 
tinuous fear of falling out at the back simply because 
the vehicle is not on even keel. When he shops he 
finds there is no universal system of weights and 
measures and he faces the prospect of universal edu- 
cation for millions of children without that boon to 
the child, the iiietric .system being in use. Ilis 


rupee is now only worth 6 annas fmd in despair he 
turns to our .seats of learning and asks for lielp. Is 
it too mucli to a.sk for Indian scientific studies to be 
reoriented towards the ])roblem of the Indian con- 
sumer instead of standing in academic remoteness ?'•• 
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D. D. T. IN WAR AND PEACE 

vS. N. vSKN 


JN his general presidential address at the 32ud 
session of the Indian vScieiice Congress, held at 
Nagpur this year, vSir S. S. Hhatnagar remarked, 
“The technique of ojicralioiial research, the use of 
scientific methods of determining tactics and deve- 
loping a national food policy, the discovery of peni- 
cillin and D. I). T., all these have contributed much 
to the realization l)y the common man and the 
Govcnimcnt that organized science is one of the 
most important factors in national development.*’ 
It is with the last named discovery, namely D. D. T., 
the new synthetic organic insecticide, that the pre- 
sent discussion is concerned. D. I). T. is an abbre- 
viation of the chemical compound dichloro-diphcnyl- 
trichloroethane, more correctly described as 
(parachlorophetiyl) rich lorocthane. It is cuiious 
that D. I). T. and penicillin, the two outstanding 
products of war-time research and devcloinneiit — 
one an insecticide and the other a bactericide, should 
have so much in common. Both concern the lower 
forms of life ; while penicillin acts upon various 
bacteria which cause infectious diseases, D. D. T. 


strikes at the very i ,ents that serve as vehicle for 
a number of deadly scourges afflicting human it\'. 
And yet, although credited largely as war-time deve- 
lopments, both were knovMi several years before the 
outbreak of the present hostilities but remained im- 
develoi/vd owing to lack of interest until frcsli 
demands arose with war for alternative bactericides 
and iiLsecticides. Kurthennore, both of them, highly 
elTc^'tive as they are against specific insects or bac- 
teria, are remarkably non-toxic to man and aniniak 
and lend to easy and cheap manufacture. 

History ok D. D. T. 

The conipound was synthesized as early as 187.1. 
In that year, Zeidler, a German chemist is reported 
to have written a paper describing the method of 
synthesis from monochlorobenzene and chloral {an- 
hydrous). Its insecticidal properties were also impel- 
fectly known, but the intermediate nature of the 
conipound did not for long attract the attention of 
the chemists and entomologists. The recrudescence 
of interest in D. D. T., as. a possible insecticide, 
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followed the invcstiftations carried on by the re- 
search workers of the firm J. R. OeiRy A. O., Ioiir 
interested in the problem of synthetic insecticides. 
In 1936-37, the research workers of the firm success- 
fully deinonstralcd the insecticidal properties of 
1>. D. T. which remained efficacious over a considcr- 
able period of time. In 1930, during an outbreak 
of Colorado Beetle, the potato crop i)est, in vSwit/cr- 
land, Dr R. Wiesmann, the Swiss entomologist made 
field experiments with a preparation coiitainimj; 
I). 1 ). T. and succeeded in controllinR the Colorado 
beetle that season. The investigations of the Swiss 
utnkcrs on the insecticidal proi)erties of 1). I). T. 
ilid not at first receive much notice in (beat Britain 
and the U. S. A. The new insecticide came to lime 
light only after the outbreak of the war, parti- 
cularly after the entry of Japan in it, when the 
principal sources of supply (Japan and Malaya) of 
.'siicli insecticides as iwrethrum and roteiione 
were closed to the Allies. Since then a considerable 
aiaoiint of work on its chemical as well as its insec- 
ticidal proi)ertics has been done in both these 
countries, and D. D. T. has now been accepted as 
one of the most potent insecticides so far developed. 


dissolves in it when hot. It is soluble in most 
organic solvents and also in some vegetable oils. 
\\T* record below the approximate solubilities of 
1>. I). T. in the more important solvents at ordinary 
leini)eiatures. 


T.AnMc r 


Soil' cuts 


Solubilities (in 
}^ms. per 100 
of solvent) 


lUlicr 

ItiMi/iin? 

Toluene 

Chloroform 

'l‘elraohh)roet1i;nie 

I'etrol etlier : 40-()()'^ b.p. 

„ 100-120” h.i). 

lUhanol (Ofl-.S per eeiU) 
Cvclohexanol 
n-lnilyl ah'f)Iio] . . 
/crMuilvl aleoliol 
Klhvl acetate 
'retralin 
laquid ]iararfin 
t'reliard iv spni\ oil 
Iverosoiie (\ apori/ing) 
Sexton e 


45 

lOt) 

4S 

90 

50 

0 

to 

4 

8 

8 

4 

ttS 

52 

4 

.s 

11 

100 


PKKi’AK.vrioN AM) M< )!>}<: or An'ioN 

The synthesis of D. D. T., unlike its long 
chemical name, is a simple process. According to 
/(■idler, it is prepared by mixing chloral (anhydron.s) 
with moiiochlorobcnzeiie in the ratio 2 : 1 in /I-5 times 
its volume of concentrated sulphuric acid, and 
heating it in a warm w’atcr bath witli occasional 
sliaking. The reaction takes place according to the 
following etiuation : 

At a temperature below chloral has a 

tendency to polymerize iiitf) metachloral, a white 
.nnoiphons subsltince insoluble in water and organic 
solvents, but soluble in dilute .solution of sodium 
carbonate. Care should be taken to avoid this re- 
action. However, after 1 ). D. T. has crystallized 
“111, sulphuric acid is removed by decantation and 
excess of cldoral is removed by trealment with water. 
J'he crystals are then dissolved in hot alcohol, to be 
recrystallizcd as a .shiny cluster. Very pure 1 ). D. T. 
can be prepared by subjecting it to recry.stallizatioii 
'^ith alcohol for a second time. The comi)uund thus 
prepared has the following structural formula : 


Some amount of work has recently been done 
with a view’ to correlating the insecticidal action of 
1 ). I). T. with its chemical structure. H. Martin and 
liis co-workers, of the Ihiiversity of Bristol Agricul- 
tural and HoiTicnltural Kc.scarch Station, are in- 
clined to believe, fiom their own investigations, that 
the >C!l-CCl.i group is probably associated with 
the insecticidal activity of 1). D. T. When I). I). T. 
is treated i\ Ah alcoholic alkali, it loses hydrochloric 
acid and passes into n'ar-l)is(])aracliloropheiiyl)-/:?/:l- 
dichlorocihyleiie, but retains the other characteristics 
of I). D. T., as indicated in the following structural 
tormula. Marlin and his assoi’iates found that this 
compound was almost inactive both as contact and 

Cl C — <^ ^C 1 

CCl, 

slomacli insecticide. Tliey also studied the toxicity 
of a iium!)er of derivatives i)rei)ared by tile same 
method as D. 1). T., but none proved as effective as 
the original compound. These studies have led the 
authors to coneliide that the action of D. D. T. is 
])ossibly line to its chemisorption at vital centres, 
interfering with essential cmzyme systems. But in- 
asimich as I). 1 ). T. is chemically unreactive, the 
alteriialivc view of the intracellular decomposition 
f)f D. D. T. is also probable and perhaps more pre- 
ferable. They are fiirllier of opinion that such de- 
composition results in the simultaneous production 
of h.vdnx:hloric acid to which the observed toxicity 
of D. D. T. appears to be related, as otherwise one 
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fails to account for the absence of toxicity of the 
ethylene derivative nienlioned above. 

I NS KC'i’ I Cl DA r . Pr ( >1 k ri i«: s 

Preparations conlainiii.e J). D. '1'. liave ])een 
market ted under various trade names, c.f!., ('.csarol 
dustin;.» powder and s]n-a>’, (lesapon (an emulsion), 
Cesarex (a combined insecticide and fungicide), 
Neocid powder etc. All tliese preparations contain 
5 per cent of D. I). T. When desired to Ijc used 
as a iK)U'di‘r for diisline [)iirposes, it is mixed with 
some kind of inert carrier. An oily solution ein- 
ployin.e vegetable or mineral oil is, however, used 
for purj)Oses of sprayin.e. 

A comiiarative stmly of the iuseclici<lal pro-^ 
|>erties of I), 1). T. and other insecticides in use is 
the best way to assess tlie si.t;nill<'ance of 1). I). T. 
At present, pyiethrum derived from the lh)\\ers of 
C'lirysaulln niinn i incraiiifoJiunt , rotenone o!)lained 
from Derris and / ear/zerdr/nrv ami synthetic products 
such as or.eanic tliiocyanates and /.vn-butyl-un(|ecy- 
lenamide are the most imi>f)rlant insecticides obtain- 
in>? wide use. Pyrethiiim dilTers from all insecticides 
in its quick knock-down action, Imt its action does 
not last loiij*. ^loreover, it proves irritant to some 
skins. The action of rotenone, when used as a dust, 
is more persistent than that of ivvrethnim, and fur- 
ther it does not irritate the skin, lint it has none of 
the <|uick knock-down actioji of pyrclhrnni. The 
thiocyanates and the like synthetic com])ounds re- 
semble rotenone more (dosely than pyrelhnnn in their 
insecticidal action. The thiocyanates snITer from a 
persistant unpleasant odour, and these and other 
conipounds, moreover, iwove toxic to man and 
animals. The cf)mparativelv high cost of maiinfac- 
Inre also militates against their wide ai)i)lication. 

D. 1). T. has all the good insecticidal properties 
of rotenone and other .synthetic insecticides except, 
however, the cpiiek knock-down action of ])yrethruni, 
wliich is only characteristic of it. This lack of rapid 
action is more than comi)cnsa1ed for by its remark- 
able persistence by virtue of which it remains toxic 
over an nniisually long ])eriod \inkuowii of any other 
iusecticwle so far dex'eloficd. Thus the toxic eflfect 
of D. D. T. on bcd-])iigs was observed to j)ersist 
over a period of 104 days. Flies alighting on walls 
sprayed with 1). D. T. three weeks ago readily 
succumbed to it. Wliat is more important, 
several laVinderings* do not destroy the toxic action 
of D. I). T., and as such clothes sprayed with it 
remain free from body lice for a niontb or so and 
may be safel\' used. ChW, keepijig (piality of D. I). T. 
lias made it an invaluable addition \n the list of 
insecticides, natural as well as synthetic 

The various insects yielding to I). D. T. include 
house fly, mosquito, mosquito larva, flea, bed-bug, 
louse, honey bee, ant, l ockroadies, etc. Table H 


records the results of two Chinese workers, Wei- 
ls nang Cheng and Cherng-how Lon, on the insecti- 
cidal ])ropertics of 1). D. T. Sprays containing 
1-3 per cent 1). D. T. in kerosene and in kerosene- 
tnng oil mixtures were jirepared, as also i-.s per cent 
I>. D. T. dusts in kaolin, talcum, and others. The 
various ])reparations were si)raycd or dusted on 
sheets of paper, on which the insects were sejia- 
ralcly placed and covered nith a beaker. The 
results in the table refer to one set of tests carried out 
with I per cent I). D. T. in kaolin. It is important 
to note that, according to the authors, aphides (a 


common ])cst 

in vegetable 

gardening) w 

hich are 

reatlily vulnerable to rotenone 

and pyrethruin do not 

yield to 1). r>. 

T. 
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even when fed. 



I). I). T. 

acts against 

these insects 

both ^l^ 


contact and as stomach poison. Lice, niosqiiiloe'^ 
and flies are responsible for the S])reiid of lypluiN, 
malaria; dysenter^^ cholera, plague, enteric fever, 
etc. D. f). T. thus fights the menace of these dis- 
eases b\' striking at these in.soct agents. Here we 
shidl briefly describe the eflfect of 1). D. T. against 
body lice which transmit Rickcilsia prowazeki, the 
cause of epidemic l\ i)hus. The best method of con- 
trolling (vphiis is, therefore, to attack the lice, fur 
‘no lice, no typhus*, as the old ejndeniiological, but 
still applicable, rule goes. Prior to tlie discovery of 
1). D. T., a number of insecticides effective against 
lice were available. Thus, an insecticide called M 
63, dcveloi)ed in Britain, protected persons from lico 
for 3-6 days. 'I'lie L. S. liureau of Kntomology aii<l 
Plant Quarantine leconmieiidcd a dust, called 
jiroduccd in the IJ. S. A. Russian clwmists were also 
not slow in this matter ; they developed two syn- 
thetic compounds, diphcnylainine and 6w-cthyl' 
xanthogen, which were tried on Russian armed forces 
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as well as on civilians with varyiiift degrees of suc- 
cess. After lilt* discovery of D. I). T.. it lias been 
the insecticide of choice against lice. The work of 
Ik N^. Aiiaiid and his workers indicate that D. [). Ik 
is more effective and persistent in ils actimi than :mv 
delonsing agent hitherto tried. Jt protects gn)Ssly 
infested persons again.st lice for two to three weeks 
and gives an effective control hn- a longer i»eriod. 
It may be mixed with kaolin or pyrophyllite to ])n»- 
(hice a powder that, may be blown up the sleeves or 
down the necks of dressed persons. Another method 
of using D. 1). T. consists in dipping niKlergarmeiits 
in a .solution of D. I). T. in volatile solvents and in 
an aequeous emulsion of the same. Deloirsiug effect 
of such garments continues from t, to 8 weeks or 
more, depending on the concentration r)f the solu- 
tion, and even () weekly washings have not impaired 
tlie toxic effect of D. D. T. The way in which this 
insecticide has helped to arrest the spread of typhus 
:ind other diseases in this war will ai)pear in what 
follows. As to its peace time uses whicli are likely 
to 1 h! varied and multiple, we shall have to wait till 
llic return of peace. 

Tlie possibility of its use iu industry has been 
indicated recently l)y the investigations of (k A. 
Cmnpbell, of (leigy Colour Co. bd., and T. I'. W’est, 
of Stafford Allen and Sons Idd., on the jiersistence 
of D. I). T. in oil-bound water-paint. They liave 
shown tJiat oil-bound water-paint incorporatc<l willi 
1). 1). 1'. is effective- against house flics and that the 
I mint does not lose its insecticidal pro])erties even 
lifter two months. vSniall rooms painted with oil- 
boimd water-paint containing 1). 1). T. readily bc- 
coiiK- relieved of flies, anil good results have already 
been obtained b\'^ employing such paint iu factory 
canteen. 

1 ). D. T. IN THIS W.\n 

At present the whole of 1 ). D. T. is allocated 
lor use ill the armed forces. vSinall quantities are, 
however, available for puri)oses of laljoratory investi- 
gations. The story of its entry in this war on the 
Allied side has it that in iq|:: the J. R. (leigy 
C'oinpany drew the attention of the Ihitish Legation 
to the importance of D. D. T. on which they had 
already made satisfactory trials. The Ihitish (leigy 
Company in Manchester brought the cominnind to 
the notice of the authorities in Hritain, and imme- 
diately the Ooveniiiient organized a team of workers 
boiii Government laboratories, the universities, and 
flie industries to mulertake the investigation and 
arrange for pilot-plant exi)erimcnts. I'he results 
"ere highly satisfactory, and the product was re- 
coimiieiided for use in the Army. In U. vS. A., the 


cxjierience of the Geigy firm was communicated to 
the V. vS. Dei)artment of Agriculture. The chemists 
of the Ihireaii of Ihiloinology and Plant Chiaraiitine 
soon analyzed the compound and confirmed the re- 
markable in.seclicidal proi)erties claimed for D. I). T. 

During January, 1944, D. D. T. made medical 
history by successfully bringing iiiider control an 
outbreak of typhus in epidemic form in Italy. 
i,;vK>,ooo eiviliaus were dusted wath D. D. T. powder, 
and flirt hi*r spread was arrested. ‘This is the first 
occasion in medical science wlieii a tyjdius outbreak 
has been arrested in mid-winter*, 'i'he significance 
of this vsucivss will clearly follow from the fact that 
typhus killed about 10,000 people in 0 mouths in 
Serbia during the World War I and some million 
Russians after the Revolution. The typhus epide- 
mic is a common aftermalli of war, famine and the 
like national calastrophies and finds a fertile field 
among the starved and devilali/ed i)opulatioTi. 

Till* great demand for D.^l). T. for armed forces 
will be realized from the fact that last year output 
of I). 1). T. in the United States was 300,000 lb. per 
month. Her present piodiii'tioii is reported to have 
exi'eeded a million. 

C()NCI,lJSli>.\ 

The lay press have waxed elo<iuent on the 
startling insecticidal properties of D. I). T. as a 
reaction to the fir.sl impulse of a new di.scovery. In 
some (piarters, it has e\en been suggested that it 
will .soon replace ab other insecticides. Remarkable 
indeed a.^ the i)roperties of I). I), 'f. are, it will be 
sober to describe it as ‘one of tlie more promising 
syiitlielic organ ies*, as one writer has slated. Under 
tile stress of war, I). 1). T. received far more Jirgaii- 
ized and elaborate tests than did other insecticides 
whose sources are now controlled hy Japan. It is 
improbable tlial the pJipularity of pyrulhriim, for 
instance, as an effective controlling agent of fiies 
and mosfiuitoes will suffer 011 tlie .score of D. I). T. 
In an all-<nit drive again.st insect pe.sts which at 
jireseiit constitute a standing menace to life and agri- 
culture, the various insecticides will have their place 
in varying degrees of ini] »orlance, and the success 
attending tlie investigation on I). D. T. should serve 
as a slininlant to fiiMlier research in this inijHntant 
branch of apiilied entomology. 
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INDIAN SCIENTISTS 
THE U. K. & 

VIC iiicnibcrs of Ihu Indian Scicnlilic Mission, who 
have just returned to Indian from their lour in 
the United Kint>doin, the United States and Canada, 
have issued a joint statement to the Press, the full 
text of which runs as follows ; 

“P'iw members of the Indian Scientific Mission, 
Sir S. vS. Hhatnagar, Sir J. C. (Miosh, Prof. S. K. 
Milra, Prof. J. N. Mukherjec and Prof. M. N. Saha 
returned to India on P^ebruary iQtli, after about five 
nioiitlis stay in the United Kingdom and the United 
States of America and Canada. Two members of the 
Mission, Dr Nazir Ahmad and Col. S. L. Phatia will 
return later. 

“The ^lission were the guests of Ilis Majest\*s 
Government in the U. K. Excellent arrangements 
for their tour were inaMc by the Royal Society of 
Eoiidon and several other organizations. In the 
U. S. A. the party were the guests of the Stale 
Deiiartment for a short time after their arrival. An 
Officer of the vState Department was deputed to heli) 
the Mission in their tour. 

“The principal object of the jiartv w as to .see for 
themselves how scientific and technical re.search has 
been applied in recent years to the development of 
natural resources and for economic betterment of the 
jieople of these progressive countries and to recom- 
niciid suitable measures for India. 

“In the U. K. the Mission visited the more 
important research in.stitutions of all types c.g., 
universities, research establishments maintained by 
industries, official and non-official research organiza- 
tions, war production centres, agricultural research 
stations and also several si)ecial research stations 
])rought into being to aid the war effort. They also 
contacted eminent men of science, technological 
experts, prominent industrialists and prominent public 
men. 

“The Government and the public in these 
countries have, under the menace of Fascism, realized, 
as never before, the social and political implications 
of science. I'he Mission have been impres.sed by the 
total mobilization of scientific talent for the prosecu- 
tion of war. The effort being made there has already 
effected vast changes in industrial efficiency and has 
been mainly responsible for the defeat of Fascism 
and has revealed that when the people and the Gov- 
ernment are enthused with a common purpose, indus- 
trial and agricultural exploitation of resources offered 
by nature can effect wonders in peace as well during 
a war. The party is convinced that scientific exploi- 
tation of the natural resources of India can afford 
solution to her problems of poverty, malnutrition, 
disease and ignorance and restore her once more to 


ON THEIR VISIT TO 
THE U. S. A. 

her rightful place in the comity of nations. India 
has the brain power and the population to achieve all 
this. But her progress in these directions must be 
by forced marches, and there iiiiist be a national 
jourposc behind all her plans of development so that 
the i)e<)j)le may be enthused and put their best effort 
and support the Government to the fullest extent in 
their effort for an all round industrial and agricultural 
development. 

“We were rather surraised to learn that even 
though there was a desire in some (jiiarters in the 

K. to have imi)OiTant oi)erational research and 
research for development of war weapons carried out 
in India, as has been done in Canada, this ]>olicy 
was not adopted in India. (Inly some problems of 
supply and substitutes were assigned to the Council 
of Scientific and Industrial Re.search and the Supj)ly 
Development Committee. If Indian scientific men 
had been given an opportunity to help iu this matter, 
there is no doubt that very line results w’<juld have 
accrued . 

“For the sneCLrss of any plan for the economii' 
development of India, the first retiuisile is the crea- 
tion of the necessary technical personnel. They arc 
the key men and their training should be taken in 
hand well in atlvance. From the assunuices we lia\ e 
received, and the contacts we have made w’c fei.1 
that there will be no difficulty in providing such 
training in these countries in siifficieiilly large 
numbers. Accordingly the Mission will recommeial 
to the (/lovenimeiU of India that immediate stei)s 
should ])e taken to oi>eii vSciciitific offices in Eoiidoi) 
and Washington for arranging the training, and U> 
act as a clearing house for information. We Ik^ik* 
that both Industry and Government in India will 
immediately formulate a comi>rehensive programme 
which will indicate their retiuirements of sucii 
technical personnel in the next five years. 

“It will, however, be unwise to dei>cnd on foreign 
countries for long for the training of technologlsls. 
We feel that our ow'ii institutions should, in the 
course of the next five years, be able to offer to our 
young men the same, facilities for training ami 
research as are available in U. K. and U. S. A. The 
Mission, accordingly, will recommend to the Goveni- 
ment that generous financial provision be made to 
raise the standards of, and wdden the scope of, om 
existing institutions and also bring into existence 
fresh institutions as are necessary. 

“The industrialists and busiiiessnieii of these 
countries are now convinced that no industrj^ which 
had its root on scientific knowdedge can prosper in 
a competitive world unless 'continually improved 
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upon by new inventions based on scientific research. 
IMiey also recogni/.e that the power that industry 
derives from new scientific knowledge comes from 
its early use and from contact with scientific men 
who created such knowledge. It is not surprising, 
iherefore, that all the industrial establishments which 
wc visited organized magnificently eiiuipped research 
laboratories of their own, and their expenditure on 
research ran into millions of dollars. Hundreds of 
.science graduates are working in each of these re- 
search laboratories. We found that such establish- 
ments generally pay very handsome diviilends. We 
:dso found that not only such research lal^ioratories 
were in charge of eminent vScieiitific men, but often 
the key [lositions in the management of the large 
industrial concerns were held by men who started 
life as technical men. 

**\Vq could do but little justice in tlie way of 
:ic(inainting ourselves with the numerous and unique 
industrial and scientific organizations in tlie U. S. A. 
in eight weeks. We were able to visit the Tennessee 
\'alley wliich lias won world-wide recognition as a 
model of successful regional ])lainiing. We alM> 
\isited laboratories of the (riilf Research and Develoj)- 
ment Company of Pittsburgh, the Radio Corporaticni 
of America, the l>ell Telephone Laboratories, the 
Mflloii and Hatelle Research Institutions, American 
Cyaiiamide and Chemical Corporation, and many 
olliers, which arc models of private enterprise, each 
spLiuling several million dollars per year in res^^arch 
alone. Researches in connection with the war eifort 
arc being carried out on a vast scale in the universities 
and other research institutions under the auspices of 
the O.S.R.l). (Office of the Scientific Research 
Development) — a (loveniiiicnt organization created 
iliiring the war, and disbursing nairly 6000 million 
dollars for research and development. We under- 
stand that this organization will be retained under a 
dilTcrent name even after the termination of the war, 
the object being to exploit as quickly as pos.sible 
scientific discoveries. 

“We have observed that discoveries of great 
industrial importance have been made in many fields 
' ..C., plastics, radio, etc. After the Icrniination of 
hostilities, all these inventions will be exploited for 
]>eace lime industries and the i)r()ducts let loose on 
the open market. They will have a revolutionary 
effect on chemical, electrical, mineral, mechanical 

drug indu.stries of which our Cloveriiment and 
industries should take timely notice. 

"America has been using, to a far greater extent 
than is generally known, geophysical methods of 
prospecting for finding out deposits of oil and 
^■allulblc ores. Such methods have been responsible 
for the discovery of some of the biggest oilfields in 
Western Asia, and valuable ores under the snow 
covered fields of Canada. 


“In Canada we acquainted ourselves with the 
w*»rk of the Canadian National Research C(»uiicil and 
the Canadian Research IDilerprises Limited. The 
former is a body created after the last war l)Ut func- 
tioning energetically only after to.^c) and corresiJonds 
to our Council of Scientific and Industrial Research. 

It has rendered invaluable service to tlie cause 
development of radiolocator (Radar) tcchniipie and 
other war re.search. The Canadian Research hhiter- 
priscs was brought into existence in Seiitember ig^c), 
with a view to mass scale production of optical glass, 
optical instniinenls, and iiistnimcnts required for 
Radar and its annual outturn now amounts to 8 
million dollars. All this has been achieved in an 
incredildy short lime in a coiiiitrv which had neither 
the equipment nor the re(]iiisite technical knowletige. 
Canada has as it were jumped oIT 25 years in the 
course of 1.2 months which is the interval bctw’cen 
which the first sod was turned and the first optical 
glass came out of the works. The liistory and per- 
formance of the National Kntcrpriscs Inmited have 
cojiviiiced ns that iirovided there is good will, nnder- 
slaiiding and the spirit of co-ojieration and long years 
of industrial apprenticeship, unpreiiaivdiiess can be 
compressed into very much shorter period. 

“The United Slates are very .sympathetic towards 
the (piestioii of full industrial development of China. 
Large parties of Chinese are 1U)W receiving higher 
training in the U. S. A. at the expense of the Federal 
(lovernincnl. fn the ^la.ssaeh inset Is Institute of 
Technology alone, we were infonmtd, nearly a 
hundred Chinese students are being trained in all 
branches of technology. Wc came across a i>arty of 

Chinese engineers in the Niagara I'alls, who iii- 
fi)nned us of a single hydro-electric project at Ichang 
on the \ anglse River which is exiiected to yield as 
much electrical energy as is now' developed in the 
whole of U. S. A. from hydro-electric sonrees (nearly 
i,no,()()o million units). The indiistrializatioii of 
China on such a vast scale will have far reaching 
effect on the Indian economy, and this should engage 
the serious attention of the Indian public and the 
('lovernment. 

“In the mailer of food i>rodiiclum, the achieve- 
ments ill the United Kingdom and tlie U. vS. A. have 
been most exeelleiit. In the United Kingdom food 
production has lieen increased by about 60%. Agri- 
cultural researches and soil conservation measures 
are going on full si)eed ahead. The utilization of 
raw materials produced b\- agriculture is receiving 
organized attention by scientific workers. In the 
U. vS. A. the four regional laboratories whicli are 
devoted to this purpose are splendidly eipiipped and 
on a .scale wdiich has been a matter of considerable 
surprise. A modern State has to deal with problems 
of land utilization in its various asiiects such as 
location of industries, sites for town planning, pre- 
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servation of wild life* and natural scenery and re- 
creation centres and tlie rival demands on the land. 
I'olli in the United Kingdom and the United vStates, 
these i>roblcnis arc being dealt with by different (lov- 
erninent departments, and the tendency seems to be 
to secure a balanced devel()i)ment of the land 
resources of the country. 

“'fhese countries have made great progress in 
surveying natural resources of mineral, vegetable 
and animal origin, and the lesson for us is that 
simultaiicousl>' with plans of development, wide 
scale surveys of various tyiies shouhl l^e taken in 
hand. 

*‘It is our c(msidered oiniiion that no much good 
will come out of the polemical discussions about the 
relative merits of jndvate enterprise State 

man.agemeiit of industry and agriculture. W^c believe 
that every party should do its part. Scientists are 


always willing to help anybody who is ready to 
shoulder this respomsibility. For developing India 
we must use to the fullest extent her natural 
resources, and for this inirpose there should be a 
National (.'lovernnient at the centre as well as in the 
provinces. This view was advocated by all of us in 
course of our lectures and conversations in the U. K., 
and we were hapi)y to find that most of the scientists, 
administrators and industrialists fully endorsed this 
view. Mr Ainery and other Cabinet members told 
us rei^eateilly that India now enjoys the fullest 
freedom regarding her economic development and if 
she fails to take any effective mea.su res in this direc- 
tion the responsibility rests solely w’ith the members 
of the Government of India. 

“Two of our colleagues are not with us at 
l)reseut, but we have reason to believe that they will 
endorse the above statement.” 


Botes anb Bews 


AN INTERNATIONAL SCIENCE CO-OPERATION 
SERVICE 

In an able article in Nature, November .25, 1044 » 
Dr Joseph Needham wlio is now- in charge of the 
Scientific Co-operalioii Gifice of the British Council 
in China has made out a case for the creation of an 
international science co-operation service, which 
deserves llie clo.sest attention of those desiring to see 
free scientific intercourse established across national 
frontiers when peace comes. This war has brought 
into existence, as an emergency measure, a number 
of scientific co-oi)eratioii olTices such as the British 
Central vScieiitilic Office in Washington, the American 
Scientific Office in London, the Anglo-vSoviet Science 
Collaboration Committee, and the vScientific Co- 
operation Office of the British Council in China, 
which, by mobilizing imi»ortant scientific information 
among the Ihiited Nation.s, have played, and are still 
playing, a significant role in the successful prosecu- 
tion of the war. Similar scientific organizations 
were also created during the war of igi4-i8 but were 
allowed to disai)pear with the conclusion of the w’ar 
without giving much thought to them. It seems 
unlikely that tliis time too the science co-o[)eration 
offices which are widely believed to exert an C(|ually 
profound inlluence in solving the probleim: of 'peace 
will meet a similar fate. “We see everv where”, 
Dr Needham remarks, “a growing conviction that 
after the war a much higher degree of international 


science co-oi)eration must be attained. There are 
many who believe that the time has gone by when 
enough can he done by men of science working as 
individuals or even in groups organized in univer- 
sities or societies, within individual countries, and 
contacting each other as individuals, across national 
]>ouiularies. Science and technology are now playing, 
and will in the future increasingly i>la\', so predomi- 
nant a part in all human civilization, that some 
means wherelw science can effectually transcend 
national boundaries is urgently necessary”. In his 
opinion, an international science co-o])eration service 
having representatives to be drawn from IxUli 
governnieiu and academic laboratories and entitled 
to the same diplomatic .status as accorded formerly 
to League of Nations officials and to guaranteed 
Oovernmeiit facilities for comniunication and trans- 
port is best calculated to fulfil this jmrpose. Di 
Needham defines the character and functions of such 
an organization in the following terms : 

( 1 ) That an. Tiiternalional Science Co-opcralion Service 
should f)e .set up hy the Pnitod Nation.s at the coiiclu.sion 
of the War under the aegis of whatever supreme inter- 
national organization is dcvi.scd, ])arallel with the Inter- 
national Labour Office, the International (Peniianent) Coin- 
iuis.sioii oil Food and Agriculture, and other similar bodies. 

( 2 ) That the functions of the Jnternati()nal Science 
Co-operation vService should be (a) the promotion of scienti- 
lic co-operation in all its aspects, (h) the collection and 
dissemination of scientific information, (c) the furtherance 
of scheme.s of collaboration in research, [d) the facilitation 
of the movement of scientific men acros.s national boun- 
daries, {e) the provision of advice 011 scientific matters to 
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IL^overtiment and diplomatic personnel of individual vStates 
when desired, (/) the provision of seienlific assistance to 
all other internal ional organizations. 

(3) 'J'hat the International Science. C'o-o]H*ration vService 
he supported by funds, which redatively to tliosc required 
for other purposes would, <)f course, be siiinll, subscribed 
hv the (iovcrninents of the Thiiled Nations on some a.i^reed 
ii'iconie-tux basis. 

(4) That the International Science Co-operat ion v'^ervicc 
should have. pcrniaiicMit representatives in all couiUrit^ or 
regions, with diplomatic or ‘boaguc ofheiar status, and 
guaranteed Governinental facilities for comm uni<*al inn and 
transportation. 

(5) That the International Scicia'e Co optuatiiui Servi«M‘ 
should have periiiaiient headcpiarli is in some centre to he 
later deiided tni ; but: that apart from a central and p* ri- 
j)lu‘ral permanent secretariat, a ('onsidcrable pioportioii <»f 
ific total number of its olllcials should be working s«*ientists 
nf every nationality serving on a temporary lca\c-of- 
abscncc basis, that is, seconded from govet nmciilal, a<a<lc- 
inic aiul possibly iiuluslrial, laboratories; in (wder to ensun* 
that the iirgani/atioii shall ahsays preserve tlu' true aliims- 
pliere and uiidcrstaiidiiig of re.M-areli. 

\Vc cordially welcome Dr Nee<lliimrs proposal 
for the eslahlishnieiit of an international science co- 
operation service in tlie post-war iieiiod. That there 
exists today a clear need of the iironiotion of all 
aspects of scientific co-operation, ineliiding eolkrtion 
and •dissemination of scientific inrormation, collabo- 
latioii of lesearch, the facilitation of the movement 
of seientille men across national frontiers and the 
like, is admitted on all hands. He has not, however, 
made clear lu)w this oVL^ani/ation will be evolved 
out of the exi.sting- scientine eollaboralion olfices 
which are at i»resiml mainly concerned with the pro- 
secution of the war. W’e hope that this and other 
questions relating to details, likely to l)e raised, will 
be clarified in the process of discussion which Dr 
Xcedham’s memorandum is certain to stimulate. 

A NATIONAL INSTITUTE OF ECONOMIC RESEARCH 

In his inaugural address at the 27t]i session of 
the Indian Kcononiic Confereiict? held in Delhi on 
necember :^o, u>Hi the TIon’ble vSir Ardeshir Dalai, 
Member for Planning and Development, revealed 
that the (h)vernmciit were eontemidaling to estab- 
lish a National Institute of Kcononiic Research. 
The Institute w’hich will be located in Delhi will be 
an anlonoinoiis body mainly iioii-ofTicial in its com- 
position and management. The ('lovernmcnt will, 
however, provide the necessary fund to be utilized 
for carrying out syvSteniatic, .scicnlific and impartial 
research .surveys into various problems b^:iring on 
the task of planning and economic development of 
India. 

An institute of economic research is a pre- 
iv(|uisitc for .successful planning for the economic 
‘levelopnient of a country, and it is gratifying to see 
that the Government are aware of it and are think- 
hig to take necessary steps in that direction. As 
v^ir Ardeshir rightly said, a great deal of research 
^'ork will have to be undertaken into the various 


aspects of the country’s economic life, not only for 
facilitating the formulation of proposals for planning, 
blit also for watching the progress and for making 
readjustments from time to time to ensure the suc- 
cess of the plan. The facilities which such an 
institute will provide, coupled with the analytical 
^judgment of the ]>rofessi<)nal economists, will be of 
the greatest value now’ that the (.'roveinment have 
embarked on a iilanned economic development. 

In this conneelion vSir Ardeshir also referred to 
the i)oor statistical data, often id' doubtful accuracy, 
in which again large gaps C'xist. 'I'his inadeiiiiacy in 
statistical information constitutes a real stumbling 
block in the w;«v of planning, as we liave often 
emi)hasi/ed. We learn that a closer association 
with the Indian vSiutislical In.sliliitc is being con- 
sidered b\' the ( •overnmeiit. 

FERTILIZER PLANT NEAR DHANBAD 

news of tile fioveinment decision to estab- 
lish a sMithetic fvrtili/.e’* factory at v^iiidri, near 
Dliaiibad in Jhhar, for manufai-lnring .>,50,000 tons 
of ammonium snlpbale per annum bas already 
appeared in the press. In an earlier issue, we 
reported the recomiiKiuUitions of the T'eehnical 
Mission headed by Mr (k S. Gowing, which favoured 
the establishment of a single plant at Hardnagiinj 
near Aligarh. A heated controversy, both in oHieial 
as well as in non-ofTicial (juarters, followed the. sub- 
mi.ssioii, by the Mission, of the report, and the press, 
the industry, and the experts were almost unanimous 
in their opposition to their recommendation in favour 
of Aligarh as the most suitable site for economic 
production in prefeience to the coal-prodncing areas 
of Ihhar and Bengal. It is indeed gratifying that 
wiser conn.sels have at last prevailed w’itli the Gov- 
ernment who have now been convinced that Sindri 
in BiliJir, by virtue of its proximity to the coal 
dejiosits, has greater potential advantages than the 
site recommended by the Mission. It further holds 
out the possibilit>' of developing subsidiary industries 
from nitrogenous products. The ( lovernnieiit are 
also inve.stigating the i»ros])ects of erecting another 
unit ha\’ing the capacity of 1,00,000 tons per annum 
on a site somewhere south of the ^’iIldhyas. 

The factory at isindri should be State-owned and 
State-controlled, as the ('lovernmeiit have suggested. 
The Central (lovernment will undertake the manage- 
ment of the factory. 'I'lie relation that should exist 
bet eeii tlie vStates and the provincial Governments 
in the .scheme is now' under consideration. 

The rejection of the Mission’s reconmiendation 
eoiueiiiing the most vital (luestion of location of the 
factory eonhnns the misgivings which we entertained 
from the very outset regarding the technical com- 
petence of the experts constituting the Mission. The 
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Mission toured throughout Fndia for about two 
Tiionths visiting industrial and economically impor- 
tant areas, and all available facilities and information 
were placed at their disposal. They finally produced 
a .report on wliosc recommendations even the 
Oovernnient, always encouraging foreign technical 
mission wlieiiever any development is projected, 
failed to act. And lliis, after imblic money has been 
lavishly expended to bear tlie cost of the Mission ! 
^forc such tragedies are in store for us until the 
Government learn to abamlon the thoughtless prac- 
tice of inviting foreign missions and rely on Iiuliau 
experts who, if reciuired, may be sent abroad for 
expert advice, experience and training— a practice 
wliich is universally followed in all free countries 
enjoying national governments. 

THE RUBBER INDUSTRY IN INDIA 

Tins is the title of a monograidi by ITof. X. N. 
(hxlbole, recently issued by the All-India Manufac- 
turers* Organi/.atioii, Bombay. 'fhe monograpli 
briefly traces the develo]nnenl of tlie rulibcr industry 
in India and also discusses its chemistry ami techno- 
logy. The introdnclion of the rubber plantation in 
this country has an intereslnig history. Sir Henry 
Wickham smuggled the precious seeds of Uevea 
brasHlienses out of Brazil, the natural habitat of this 
most important species of the rubber plant. The 
.seeds arrived at Kew in where they were 

planted, and the see<llings were later distributed to 
India, Ceylon, Malay, Java and other parts of the 
East. In India, the cultivatirm of the ficvea plant 
started lather late compared to other parts of the 
East. Travancorc State, with its multiple plantations 
in the Sheiicottah, Mundakayalani and Uani Valley 
districts in the Western Ghats, has now' become the 
leading rubber i)roduciiig centre in the whole of 
India and accounts for about .So per cent of the 
Indian crop. The total area under rubber cultiva- 
tion stood at I, ,^6,614 acres by the end of k)4t, and 
in 1942, the total production was about 17,000 tons. 
According to an estimate carried out in U)4;^, there 
are 114 rubber factories in India, using both rnbVier 
latex and para rubber. Rubber trade of India, com- 
prising both export and import, accounted for 
Rs. 382 crores in ic),'^o-4o and Rs. .^ 9 o crorcs in 

An intensification in the production of rubber 
in India followed the Japanese occui)alion of 
Malaya, the Xetherland East Indies and other im- 
portant rubber growMig areas of vSouth-East Asia, 
when a .supply about nine-tenths of the wc^rld output 
was lost to the Allies. India could have incren.sed 
her acreage under rubber and indicated a far greater 
annual output, but for the rubber cartel known as 
the International Rubber Regulation Committee con- 


stituted in 1934. The rubber cartel controlled 
largely by the combined U. S., British and Dutch 
interests led to the impregnable South-East Asian 
monoi)oly. Tliis was one reason of the great deve- 
lopment in the production of synthetic rubber in 
Germany and the vSoviet Union before the war. 

CULTURAL CO-OPERATION 

Ttiu U. S. Departmenf of State has issued a 
report, by H. Hanson, containing the activities of 
the Division of Cultural Relations since its inception 
in 193S. The .scope of the cultural co-operation 
programme, as envisaged by the General Advisory 
Committee of the Division of Cultural Relations, is 
intended to be a long term one and includes vigor- 
ous development of cultural relations between the 
people of tlie United States and other free peoples 
of the world on a basis of mutual nuderstanding ainl 
appreciation and inter-changes in all fields of the 
arts, sciences, technology, letters, and education, and 
throughfuit the entire range of economic and social 
life. In fact, the programme is inlcnded to be a> 
broad as intellectual and cultural activities tliein- 
.selves. 

When the Division was established in the 
Departinenl of Slate in 11)38, its activities were 
confined mainly within the Western Hemisphere. 
During the period 1938-.^, its programme was 
guided by one aim, namely, the promotion nf inter 
American unity, necessitated largely by A.\is expan- 
sion in luiroiie. The extension of its sphere of 
activities outside the x\mericans took place with tli-. 
iiiclusiou of China in 1941 within its cultural cn 
operation programme. The China programme began 
to operate from Jam :ry, lOt-J, with an allocatinp. 
from the hjiiergeney ImukI for the President and re- 
volved around four jirincipal activities : the sending 
of American technical experts requested by Chinese 
Governments, exchange of ])rofessors, the awarding 
of stud\ grants to Chinese students in the Unile«l 
States, and the sending in microfilm of technical 
and scholarly journals rciiucslcd by Chinese univer- 
sities. Since 1 9-1 3 1 the Division .steadily extended 
its activities to the countries of the Near East and 
included Turkey, vSyria, Liberia, Egypt, Iran, 
Ethiopia, , IMorocco, vSpain, vSw’eden, vSoviet Rus.sia 
and others. The nature of this co-operation ha.'^ 
been dilTerent in different countries. 

Up to the close of 1943, the Congress had made 
approjiriation to the Dejiartmeiit of State only for 
the programme with the other American republics 
only. The programme in countries outside tlie 
M'esterii Ilemisiiliere was financed from the Emer- 
gency Fund for the President. The total funds 
available for this purpose during the period 1940-^^4 
are as follows : 1940-41, Hemisphere only, $1,09,000 ; 
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1941-42, Hemisphere and China, $3,47,000 ; 1942-43, 
Hemisphere and China, $1,234,000 ; 1943-44, Ilemis- 
jiherc, China and Near East, $2,871,000. 

A statement of policy on the participation of 
the United States in the educational and cultural 
rebuilding of Europe indicates the Department’s con- 
cern in the educational rehabilitation work after the 
war. The programme which the Department now 
lias in view may consist of (i) assistance in the re- 
stocking of essential educational facilities, especially 
with books and scientific and other teaching aids, 
(2) assistance in providing opportunities for the 
training of carefully selected foreign students in 
Anicrican institutions, (3) assistance in rc-establish- 
iiig essential library facilities, etc. The report 
further includes notes on professional and scientific 
relations, and on various activities under the 
programme. 

PROF. R. A. FISHER IN INDIA 

Our readers will be interested to learn that Prof. 
K. A. Fisher, Balfour Professor of Genetics, Cam- 
bridge University, came out to India on January 24 
as the visiting Professor of the Indian Statistical 
Institute, Calcutta. While at Calcutta, Prof. P'ishcr 
delivered six lectures on Genetics at the Institute 
and visited a large number of scientific institutions, 
including the Bose Institute, the All-India Institute 
of Hygiene and Public Health, and the Indian Asso- 
ciation for the Cultivation of Science. Prof. Fisher’s 
consultative services, it is understood, arc being 
utilized by the Government of Bengal and the Central 
(h)vernmcnt in the Departments of Agriculture, 
Civil vSupplics, Irrigation, Commerce, rndustries and 
ba])oiir, and Finance. He will leave for linglaud 
by air on March 10. 

An eminent statistician of the present time, Prof. 
Fislicr was Head of the Department of Statistics of 
V tile Rothamsted Agricultural Institute from iqt8 to 
1033. He succeeded Karl Pearson as Gal ton Pro- 
fessor in the London University and in r943 accepted 
the Balfour Professorship of the Cambridge 
University. 

SCIENTIFIC CONSULTATIVE COMMITTEE 

Thr Government of India have constituted a 
vSeientific Consultative Committee consisting of 
official and non-official members, which will advise 
tile Government on all general questions of policy 
relating to research throughout India and on any 
special matters concerning research that may be spe- 
cially referred to it. The Hon’blc Member for 
Blanuing and Development is the Chairman of the 
Committee which include the fpUpwilig members; 


OJficials — The Master General of the Ordnance, the 
V^ice-Ch airman of the Imperial Council of Agricul- 
tural Research or the Agricultural Commissioner to 
the Government of India, the Director General, 
I.M.S., the Director, Geological Survey, the Director, 
Scientific and Industrial RcvSearch. N on-officials - 
Sir C. V. Raman, Sir J. C. Ghosh, Prof. M. N. Saha, 
Dr Nazir Alimad, Col. Sir R. N. Chopra. 


CHEMISTRY IN THE SERVICE OF MAN 

In an address on the above subject recently 
delivered before the Royal vSocicty of Arts, Dr E. 
F. Armstrong, F.R.S., has discu.ssed how chemistry 
not only tells all about natural substances but also en- 
ables us to make new jirodiicts rivalling the natural 
products in utility. He describes how knowledge of 
chemistry is helping the cheap production of edible 
proteins, which is of great interest in view of the 
present world shortage of jirotcins. According to 
Dr Armstrong, each protein is made up of a large 
number of molecules of amino acids, of which there 
are twenty diilercnt kinds. The protein molecules are 
very large, containing a thousand or more amino 
acid molecules, and they differ in the percentage of 
amino acids i>rcsent. The individual amino acids 
are joined end to end in a chain, the exact palleru 
of whicli has not yet been established for any protein. 

The body breaks down tlic protein it cats into 
individual amino aciiis and uses them again to make 
its own piolciii ; hence the importance of each amino 
acid. IMen and animals need most of them. Probably 
meat is so important a food because it contains those 
very amino acids wliicli we require to make muscle 
tissue. Oiir main .source of protein is meat from 
animals, which converts vcgelal)le proteins in her- 
bage into heef, nnitton ami pork ; the process is a 
slow' one. Another source is tlic pulses, .seeds of high 
protein content etc. which can be iiniiroved by selec- 
tion and cultivation. Another source is fish. The 
w’ide-siiread cultivation of the soya bean is a nolaldc 
example of progress in protein production. Unfor- 
tunately, this vegetable protein only ranks as 
second class. Considerable interest, therefore, is 
allachcd to the production of protein in the form of 
yeast, which can be miiltijdicd very rapidly in the 
cour.se of a few hours. Whereas animals make their 
protein from the small amount of organic vegetable 
protein in the very large quantities of herbage they 
consume, the yeast can make its own protein witli 
the help of carbohydrates of vegetable origin and 
of ammonium salts which are inorganic and manu- 
factured from nitrogen in the air. The technical 
question becomes whether yeast can be made in 
large quantity from carbohydrate and inorganic 
nitrogen at a competitive price with meat. In^ 
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organic nitrogen, a product of liigh pressure tech- 
ni(iue, is very clicap today and is available in un- 
limited quantity. It is claimed that the yield of 
protein per acre in the form of yeast made from 
molasses calculated from the area of land required for 
production of molasses is several limes greater than 
that of i^roteiii grown as sr)ya beans which have a 
high protein content. It is also much higher per 
acre than that obtained by feeding fodder crops to 
animals, beef protein needs not only a large acre- 
age on the other hand, but takes a much longer time, 
about year or more ; yeast protein is a matter of 
twenty-four hours. 

A specially suitable race of yeast (Torula utilis) 
for the jnirpose has recently been develo])ed in 
London, and factories arc understood to be under 
construction to make it in Jamaica and Mauritius, 
where its first use will be for the under nourished 
children in those colonies. In the tropics protein 
scarcity is often severe, but waste carbohydrates are 
plentiful. Certain races of yeast multiply so rai»idly 
that alcoholic fermentation is practically negligible. 
The yield of dried yeast in practice is 6o per cent of 
the fermentable sugar. Another source carbo- 
hydrate is the waste sulphite liquor of pai*er mills 
from which according to a calculation made in 
Germany 1,00,000 tons of dry yeast a year cc|uivalcnt 
to 50,000 tons of protein can be made, A develop- 
ment which is not very far remote is the making of 
fermentable carbohydrates from wood, lly what is 
known as the schollar process wood in the presence 
of dilute sulphuric acid at a pressure of 4 atmos- 
pheres, the temperatures being taken up to Tqo^C, 
is converted into easily fermentable glucose. At 
present in the United States it is calculated that 
about 1,00,000 tons of Baker’s yeast has been pro- 
duced in 1914, libout half of which is protein. The 
vitamin content of this yeast is not high, but it will 
be possible to enhance it by changing the nutrient. 
Brewer’s yeast is essentially a byproduct of the fer- 
mentation of beer, more than i 2 ,oo<j tons arc avail- 
able as a sherry, of which one-third is recovered as 
cattle food, and about one-tenth used as b')od or 
sold in the pharmacy. The vitamin content is some 
three times as great as that of baker’s yeast. This 
yeast is now grown as food, without using hope, 
.so that the product need not be delittercd. The 
dried yeast has a high vitamin content of vitamin B 
complex and retails at 3s. per pound and contains 
46 per cent of protein. Beef with 10 per cent of 
protein sells at 2s. per pound. The lecturer re- 
marked how’ within one generation Britain and the 
United States have passed from the stage in which 
most of this food supplies w'cnt directly from the 
farm to the consumer, to the present development 
in W'hich the food indi:stry processes distribute a 
large and growing part of the total food supply. 


PHARMACOGNOSY IN INDIA AND ITS FUTURE 

A sciiKME for post-war development of drug 
industry in India and the role of botanists in the 
study of pharmacognosy was put forward by Mr vS. 
N. Bal, in his i>residential address entitled “Scope 
of Pharmacognosy in India and its Future” at the 
gth Annual General Meeting of the Botanical Society 
of Bengal, held at the Botanical Laboratory, Calcutta 
University, on February 18, 1945. 

It is high time that the botanists should serious- 
ly take up the .study of pharmacognosy in all its 
aspects, viz., proper identification, distribution, 
anatomy, pathology, etc., of plants, and it is only 
by the collaboration of the botanists, chemists and 
medical men that India can be independent of her 
drug requirements. 

India is very rich in her drug resources com- 
prising about 2,500 medicinal plants including 300 
mentioned in the British Pharmacoi.)oeia and British 
Pharmaceutical Codex. Fifty per cent of B. P. and 
B. P. C. plants arc found in India, and as this 
country possesses all sorts of climate and soils, tlierc 
is great potentiality of introducing new plants. 
When all the brandies of pharmacognostic studies 
arc pursued in India, it will lead to the production 
of .standard products of requisite potency, which will 
be accepted throughout the world. 

Potency of many vegetable drugs in India has 
already been well recognized, but we have not ns 
3'et any book on ‘Indian Pharmacopoeia’, w'ith the 
con.seciueiice tliat we have to fall back on British 
Pharmacopoeia as our standard in siiitc of the fact that 
the standards prescribed for bbigland may not bo 
suitable in India. “We ought to have a national 
pharmacopoeia of our own w^hich could fulfil all oiir 
requirements by solving the various pharmacognos- 
tic problems and by incorporating in it .such indi- 
genous drugs which have been scientifically and 
pharmocognostically investigated. 'J’hc needs for 
such a work has been recently realized by the Gov- 
ernment of India who have undertaken tlie prepara- 
tion of an Indian supplement to the British 
Pharmacopoeia”. 

In tracing the history of development of phar- 
niacognostic studies, Mr Bal w’cnt on to .say that tlic 
cultivation of medicinal jdants can be traced to 
2000 B.C. when the Babylonian kings encouraged 
culture of medicinal plants. In India, earliest intMi- 
tion of the cultivation of drug plants is mentioned 
in the treati.ses of Charaka and Susruta. 

During the middle ages, culture of medicinal 
plants w'as confined to monasteries, and later a 
number of herb gardens were started with the estab- 
lishment of universities, earliest of these being the 
Padua Herb garden founded in 1533 A.D. Modern 
pharmacognosy really developed during the 19th and 
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2oth centuries, that has led to the development of 
liislological and chemical pharmacognosy. 

Large scale cultivation of medicinal plants except 
einchona and ipecac, however, is still unknown in 
India, and the authorities still appear unperturbed 
by the fact that thousands of peojile have Hied in 
recent years due to *driig famine*. 

While researches are being undertaken in India 
on the chemical aspects of the drug plants in the 
vScliool of Tropical Medicine, Biochemical vStandard- 
i/ation Laboratory and the University College of 
Science, Calcutta, such researches should go hand in 
hand with researches in pharniacognostic line.* 

The following were elected to the various offices 
of the Botanical Society of Bengal for the year 
1045-46. President ; Prof. S. R. Bose ; Vice-Presi- 
dents : Prof. S. P. Agharkar, Mr S. N. Bal (L.v- 
dfficio), Mr I. Banerji Dr K. P. Biswas, Prof. G. P. 
Ma/umdar ; Honorary Treasurer : Mr J. C. Banerji ; 
Members: Prof. K. G. Banerji, Mr E. A. R. Banerji, 
^Ir A. K. Chakra vorty, Prof. A. C. Datta, ^Ir A. K. 
('.hosh, Ur K. T. Jacob, Mr P. N. Nandi, Prof. J. C. 
vSen Guiita, Dr S. R. vSeii Gupta ; Honorary Score- 
tarics : Dr P. N. Bhaduri, Dr J. K. Cliowdimry. 

ROYAL ASIATIC SOCIETY OF BENGAL 

Tuk 161st Annual Meeting of the Royal Asiatic 
Society of Bengal was held in the S<jciety*s rooms 
jai F'ebruary 5, 1045. His Excellency Mr R. G. 
Casey, Patron of the Society presided. 

Presenting the annual report, the General Secre- 
tary (Dr Kalidas Nag) referred to the task of re- 
in gaiii/.ation of the Society. During the year under 
review the S<jciety made a number of proposals in 
connection with the post-war scientific, industrial and 
cultural reconstruction of India. The latter deals 
uitli such jiroblems as the establishment of (r) a 
traveller*s department in India, (:>) a central record 
office in Bengal, (5) a national museum at New 
Belli i, (4) a school of Indian architecture and plan- 
ning, (5) a national cultural trust, (6) a national 
academy of arts and letters, (7) national parks, and 
also (8) the future of the archaeological department. 

Referring- to these proposals for the cultural re- 
construction in India, that so vitally concern the 
country’s future welfare and progress. Dr S. P. 
Mookerjee, the retiring President said, “Our pro- 
posals form the basis for fruitful discussion and will 
serve to stimulate public opinion. The ideals and 
aspirations of a nation are best represented by its 
culture. India, in spite its having a variety in lan- 
8*iages, religions and physical types, has a basic 
national culture.** 

His Excellency Mr R, G*. Casey, addressing the 
^ciety, emphasized the part that a learned body 
like the Royal Asiatic Society of Bengal can play 


in the application of modern scientific research to 
the “old arts of agriculture and industry**. 

“I am encouraged to speak to you of lliese srieiitilic 
matters by reason of the terms of encomium in which 
J*rof. A. V. Hill has written of this Society in a recent re- 
port on scientific research in India.’* 

His Excellency congratulated the retiring pre- 
sident on the succe.ssful activities of llic vSocicty 
during the year and welcomed the new president, 
Dr Meghnad Saha, whose election, he hoped, ‘may 
be said to portend clo.ser integration of science and 
culture, which is of very great imifortance to the 
future development of human civilization*. 

The following awards of the vSociety’s medals 
and prizes for 1944 were announced : 

Jay Gobind Law medal to Rai Bahadur Dr 
S. L. Ilora, D.Sc., F.N.L, Director of Fisheries, 
Bengal, in recognition of his conspicuously impor- 
tant contributions to our knowledge of ichthyology 
of Asia. Paul Johannes Briilil medal to Dr N. L. 
Bor, D.Sc., F.N.L, Chief Refugee Administrator, 
Burma Refugee (Formerly Forest Botanist, Imperial 
Forest Research Institute, Dehra Dun), for his im- 
portant piece of original research in the graniincae and 
the ecology of Indian plants. 

Dr Bimala Charan Law medal to Dr D. R. 
Bhandarkar, Ph.D., formerly Professor of Ancient 
Indian History and Culture, Calcutta University, for 
his conspicuously important contributions to ancient 
Indian history and culture. 

Sarat Chandra Roy medal to Dr Verricr Elwin, 
D.vSe., ILN.L, of the Bhumijan Scvamandal, Patan- 
garh, C. P., for his meritorious and many-sided 
contributions to the study of cultural anthropology 
of India. 

Elliot Prize to Dr S. K. Chakrabarty, D.Sc. of 
the University College of Science and Tcclinology, 
Calcutta for his contributions to mathematics. 

Dr P. C. Bagchi, M.A., Dr es letters (Paris) was 
elected an Ordinary Fellow of the vSocicty. 

The following were duly elected as members of 
the Council for 1945 : 

President: Dr Meghnad Saha, D.Sc., F.N.L, 
F.R.S., F.R.A.vS.B. ; Vice-Presidents : the Ilou’ble 
Mr Justice N. G. A. Edgeley, M.A., I.C.S., Barrister- 
at-Law, Dr R. C. Ma/umdar, M.A., Ph.I)., F.R.A. 
S.B., Dr M. Z. Siddiqui, M.A., B.L., Ph.D., Dr 
S. P. Agharkar, M.A., Ph.D., F.N.I. ; General 
Secretary : Dr Kalidas Nag, M.A., D.Litt. ; Trea- 
surer: K. P. Khaitan, Esep, M.A., B.L., Barrister- 
at-Law ; Philological and Library Secretary : Dr 
Nalinaksha Uutt, M.A., Ph.D., D.Litt. ; Joint Philo- 
logical Secretary: Dr Muhammad Ishaqiie, M.A., 
B.Sc., Ph.D., Natural History Secretaries: Biology, 
Dr vS. L. Hora, D.Sc., F.Z.S., F.R.S.E., F.N.L ; 
Physical Science, Dr K. N. Bagchi, M.B., 

F.I.e. D.T.M. ; Anthropological Secretary, Rev; 
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W. C. Griffiths, M.A., B.I/., B.Sc., Historical 
and Archaeological Sccrctarv, Dr B. C. Law, 
M.A., B.L., Ph.D., D.Litt., F.R.A.vS.B. ; Medical 
Secretary, Dr Iiiclu Bhushaii Bosu, M.D. ; Other 
members of Council : C. W, Giirnar, Esq., C.S.I., 
I.C.vS., L. R. Fawcus, Ivsq., C.I.E., I.C.S., Percy 
Brown, Esq., M.B.E., A.R.C.A., F.R.A.S.B., Dr 
W. D. West, M.A., D.Sc., F.N.L, Maharajadhiraj 
Bahadur U. C. Mahtab of Biirdwan, A. P. Benthal, 
Esq. 

Dr N. R. DHAR'S ENDOWMENT TO THE UNIVERSITY 
OF CALCUTTA 

Dk N. R. Dliar has recently made the handsome 
endowment of approximately one lakh of rupees to 
the University of Calcutta for perj^etuating the 
memory of late Acharya Prafulla Chandra Ray and 
for founding a professorship in agricultural chemistry 
in a University College of Agriculture to be estab- 
lished. He has further expressed the hope of making 
a second endowment of another one lakh of rupees 
for the same jmrposc in the near future. In his 
letter to the University, Dr Dhar stated that the said 
professorship would be created out of the interest 
accruing from the securities in which the amount 
might be invested as soon as funds w'ould permit. 
For the present, however, teaching and research posts 
in agricultural chemistry of such rank, status and 
emoluments as might be po.ssible within the available 
income should be created. These posts should always 
be filled by Indians, 

Dr Dhar was an alumni of the Calcutta 


University, and the gift bears testimony to his deep 
concern for the well-being of his alma mater. He 
thus joins the rank of Sir Tarak Nath Palit, Sir 
Rashbehary Ghose, Kumar Guruprasad Singh of 
Khaira and Sir P. C. Ray, whose princely endow- 
ments"^ were so largely responsible for whatever 
progress science has made in this part of the country. 

NATIONAL INSTITUTE OF SCIENCES OF INDIA 

At the Annual General Meeting of the National 
Institute of Sciences of India, held on January 2, 
T945, at the Science College, Nagpur, the following 
were duly elected office-bearers and members of 
Council of the National Institute of Sciences of India 
for the year 1945 : President : Mr D. N. Wadia ; 
Vice-Presidents : Prof. S. P. Agharkar, and Sir vS. 
vS. Bhatnagar ; Treasurer: Rai Bahadur K. N. 
Bagchi ; Foreign Secretary : Prof. D. S. Kotliari ; 
Secretaries: Rai Bahadur S. L. Hora and Dr W. D. 
West ; Editor of Publications : Prof. J. N. Mukhcr- 
jee ; Members of Council: Prof. P. R. Awati, Dr K. 
Bagchee, Dr S. K. Banerji, Prof. II. J. Bhablia, 
Khan Bahadur M. Afzal Husain, Prof. M. O. V. 
Iyengar, Prof. P. C. Mahalanobis, Dr K. G. Naik, 
Dr B. N. Prasad, Dr II. S. Pruthi, Prof. M. Qureslii, 
Mr B. Rama Kao, Dr L. A. Ranidas, Prof. P. Ray, 
Rai Bahadur J. M. vSen, Dr. A. C. Ukil, and Dr K. 
Venkataraman. 

ANNOUNCEMENT 

Sir M. Visvesvaraya, K.C.I.E., L.L.D., has 
been re-elected unanimously as President of the All- 
India Manufacturers^ Organization for the year 1945. 
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THE MILLION VOLT X-RAY TUBE 

Thk Machlett Laboratories, Inc., .Springdale, 
and the General Electric Comiiaiiy, Schenectady, 
U. S. A., have recently perfected a 2,000,000 volt 
X-ray tube each. Prior to this development a 
niillioii-volt tube developed for the testing of metal 
sections was known to be the most powerful X-ray 
tube. The 2,000,000 volt tubes have thus esta- 
blished a new record in the art of high-voltage tube- 
making. 

The tube developed by the Machlett Labora- 
tories is completely sealed off, thus obviating the 
nece.ssity of maintaining high vacuum by pumping. 
The focussing arrangement is very fine ; the elec- 
trons supplied from a greatly improved source are 
accelerated in several steps of 12,000 each before 


finally striking the anticathodc with an energy of 
2 million electron volt. 

In the G. E. C. tube which is also vacuiiiu 
sealed, the electrons from the heated filament at llif 
top are speeded up in 24 stages until they attain llic 
maximum energy. Tungsten backed with copper 
serves as the anti-cathode. The G. E. C. made use 
of an alloy, called fernico, between sections of glass. 
This alloy expands like glass and enables the metal 
and glass to be fu.sed directly. 

The new high-volt X-ray tubes mark a real 
advanceiiicnt and are expected to speed up indus- 
trial operations to a remarkable extent. It is stated 
that the new unit requires an exposure time of ouly 

minutes in taking pictures through 8 inch steel 
castings, whereas the old one million volt tube takes 
about hours to do the s^me job. 
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ARDIL-A NEW SYNTHETIC FIBRE 

Tim development of a new synthetic fibre, 
called Ardil, by the Imperial Chemical Industries is 
reported in The Chemical Age of December 2, 1944. 
The new synthetic fibre resembles wool in many 
of its properties, such as resiliency, softness and 
warmth, but, unlike wool, does not shrink and is 
not attacked by moth. It is prepared from ground- 
nut protein, one ton of nuts producing about 500 lb. 
of Ardil fibre. The possibility of utilizing vegetable 
protein for the production of synthetic fibres arose 
out of the researches of Astbury and Chilmall. The 
latter’s success in preparing a wool-like fibre from 
hiitnpseed protein led the I. C. I. to consider the com- 
mercial utilization of this development, and ground- 
nut was chosen for reason of economy, and also on 
account of its good protein content. 

Ground-nut contains 48-50 per cent arachis oil, 
about 28 per cent protein, ii per cent carlx)hydrate, 
and 8 per cent salt, water, etc. The oil is first 
extracted from decorticated nuts by a low tempera- 
ture process and may be used for human food. Protein 
is next extracted from the oil-free meal containing 
(.) per cent nitrogen, leaving a residual meal, with 
2 per cent nitrogen, which may be used as a cattle- 
feed. The protein is then dissolved in caustic soda 
solution to produce the spinning solution which is 
extruded through spinnerets to form the filaments. 
'I'lie company has evolved a special method for 
hardening the filaments, as the traditional method 
with a formaldehyde bath did not prove satisfactory 
owing to the hydrolysis of protein. Hydrolysis w.as 
avoided by lowering the of the bath. 

Ardil fibre thus obtained dyes like wool in acid 
dye-baths ; like wool it absorbs moisture and has 
a similar heat of wetting. Although fabrics may be 
made i)urely of Ardil, it is recommended that Ardil 
should be profitably used in mixture with wool,^ 
cotton or rayon. Yarns may be made on the worsted, 
woollen or cotton systems according to the type of 
fibre required. 

The raw material for the manufacture of Ardil 
by the British firm will have to be supplied largely 
from the East, from India in particular. India ranks 
first in the acreage and jiroduction of gTouiul-niits, 
with China, Senegal, the U. S. A., and others 
following her in order of imiiortance. India alone 
accounts for 34 per cent of the world production, 
according to an estimate covering the period 1933-37 
(SciENCB AND Cui,TURK, Vol. VIII, No. 2). The new 
process, if worked successfully on a commercial 
scale, is likely to lead to a great demand of Indian 
ground-nuts in British factories, to be processed 
and developed there into a far more costly fabric, 
for which this country will again in all probability 
be the principal customer. It is in this way that 


a supplier country of raw materials, indifferent to 
technological development, is deprived of wealth 
which could have so rightly belonged to her. 

A NEW UNDERWATER CAMERA 

At a recent meeting of the Optical Society of 
America, (Science, October 27, i944) Professor 

Maurice Ewing, of the Columbia University, des- 
cribed a new underwater camera that bids fair to be 
an invaluable aid to such investigations as concern 
the geology of the ocean’s floor and the deep-sea life. 

In one type, the camera is equipped with a 
ballast and a float. The complete unit is thrown 
over board, and the ballast carries it to the bottom. 
When it reaches the bottom, a trigger starts clock 
work and enables the camera to take a series of 
liicturcs at any time interval set beforehand. After 
the camera has been exposed for the last picture, the 
ballast is automatically released and the camera rises 
to the surface with the help of the float. In order 
to indicate the changes that occur in the direction 
of the current as the camera is active in taking 
pictures, it may be further provided with a compass 
and a drift indicator suspended in its field of view. 
The other camera is designed to take just one picture 
and is simply lowered on a wire. 

The idea V obtaining photographic record of the 
ocean basin the marine life was conceived in the 

last centu.^. iii 1890, Boutan, a French man, first 
made such underwater photographs by lowering his 
camera into shallow water. The shutter was 
operated from the surface of the water by pulling 
on a cable attached to it. The new automatic and 
self-recording camera is, in fact, the latest culmina- 
tion of an idea that originated fifty-four years ago. 

Results of considerable geological interest have 
already been obtained with the new camera. A 
number of photographs have recently demonstrated 
sand ripples at 97 fathoms, proving the existence of 
enough current at this depth. The constancy of 
this movement appears from the fact that tides alter 
the direction of ripples. 

In the study of the habits of deep-sea life, the 
camera has proved a valuable tool. It has made 
possible correct census of submarine animal [lopula- 
tion, as photographic records can include fragile 
and easily vulnerable fish, not possible by means 
of net. 

MOBILE POWER PLANTS 

Tiir war has given rise to many scientific 
achievements and veritable feats of engineering 
undreamt of even a decade ago. One such feat is 
the design and construction of mammoth mobile 
power plants for generating and supidyiug electri- 
city wherever and whenever needed. The destruc- 
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tion of electric plants in the European, African and 
Asiatic theatres of war presented the problem of 
quickly restoring electric power for military opera- 
tions as the liberation of the occupied territories 
proceeded on. Special trains containing full i)ower 
generating eqiiipriients were designed and built for 
this purpose and are now serving the Allied forces 
with power as rapidly as tliey are advancing. The 
United States has taken the lead in developing such 
mammoth plants, and very recently the American 
vSociety of Meclianical luigineers, in collaboration 
with three of the largest engineering concerns, dis- 
cussed at length the future potentialities of such 
equii)ments. As a result of these discussions, ten 
5,000 kilowatt and forty-live i,cx)o kilowatt mobile 
power plants are now being constructed by the 
Westinghouse Company, while the (General I{lectric 
Company is constructing ff)rty 3,000 kilowatt turbine 
electric power trains. 

The 5,000 kilowatt train is tnade up of eight 
freight type rail road cars, each about 50 ft. in 
length, having double insulated walls. Of the eight 
cars, the first two are for the main steam generator, 
the third for the main turbine generator and switch- 
board, the fourth for air compressors and boiler feed 
water pump, the fifth for feed water. , the sixth and 
seventh for main steam %ii.tipinent and 

the last for workshop and li 7 ‘. ran.rs for the 
operating personnel. The 1000 .ii aiiis, on 

the other hand, have only three cars, each car being 
mounted on two four wheel trucks. They com- 
prise a boiler car, a turbine generator car, a cooling 
tower car and a coal handling equipment. The tur- 
bine car houses the iochj kilowatt electric generator 
driven by a steam turbine, a steam condenser, elec- 
trical transformer, gasoline driven generator for 
starting and emergency auxiliary service, and circuit 
breakers for main generator and feeder circuits. 
Both these plants are designed to obtain the maxi- 
mum power output per unit of material to operate 
efficiently in an atmosiiheric temperature range from 


~4o^F to +95^F on low grade lignite fuel with a 
limited quantity of water for makp-up and cooling 
and are capable of being put into operation without 
power from any external source. The 3000 kilowatt 
electric power trains, one of w’hich was delivered to 
U. S. S. R. Government la.st June, consist of 10 units, 
having locomotive boiler cars, tenders, a turbine and 
condenser car, a switchgear car, cooling tower cars, 
and a car for maintenance and operating crew\ 

Apart from these, smaller “Package** type 
floating plants of 500 watt capacity are also built 
by the Westinghouse. They are shipped in 24 
packages made Uf) of relatively large pre-assembled 
units necessary for f)Ower generation, all being 
mechanically and electrically interconnected. To- 
gether they comprise 8 functional units of a complete 
power station, each with its auxiliary equipment. 
They can be moved by rail, motor or water transport 
and assembled for jiower generation in 36 hours, 
their floor area on location being only 1S70 sq. ft. 
The steam boiler required to produce the energy 
can burn coal, wood, or heat-oven green logs, fed 
by hand into the furnace. For handling these fuels, 
the i)lant is equipped with a tramway bucket ty[)c 
conveyor, a portable coal unloading conveyor, and 
a coal peat crusher. 

The design and construction of these mobile 
power plants ca|)ahle of readjusting the destroyed 
life and network of ruined cities in the shortest 
possible time represents an achievement of a very 
high order in the annals of engineering. After the 
needs of large cities devastated in this war have ended, 
these plants and probably many others that will be 
constructed later will have vast potentialities in 
general civic work, in restoring back power lost as 
a result of damage to the existing electric plants 
and machinery by fire, floods, earthquakes or cxplo- 
, ion, while they will also find use as temporary 
power stations for salvage work or for hydro-electric 
I)urposes. 

S, K, G. 


STEEL-MIX IRON CASTINGS TO ENGINEERING SPECIFICATION 

M. N. MUKERJI, 

INDIAN STORES DEPARTMENT, CALCUTTA 


review of early documentary evidence shows that 
cast iron was also known in ancient India as 
“Munda**. As a mater of fact, pure iron takes up 
carbon at about iooo°C to 1400^^0 and this tempera- 
ture could hardly be attained in the old Indian 
furnaces on accoun' of their inaderiuate blast ] pressure. 
Some European authors, therefore, maintain that cast 
iron might have been produced in ancient India only 


by accident. A block of such iron was discovered 
near Rungpur, North Bengal, about fifty years ago. 
The chemical analysis of the sample revealed as 
follows : — 

Iron ... ... 96-42% 

Total Carbon ... ... 2-81% 

Manganese ... ... 0-21% 

On acount of its inherent low strength, brittle- 
ness and openness of grains, ordinary cast iron is still 
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regarded with great disfavour as a material of un- 
reliable engineering properties, on the other hand its 
low cost and easy casting properties still lead the 
market. 

The addition of steel to pig iron in a cupola 
would produce a stronger material so called “seini- 
steeV* and it raises the tensile strength of cast iron. 
The term “semi-steer* which is sometimes used in 
Indian Railway Standard Drawings, vSpccification, 
technical books and journals is a vague trade name 
for products intermediate between steel and cast iron. 
Its physical properties are intermediate lictween cast 
iron and cast steel. Moreover, the term might have 
been originated from the fact that a certain amount 
of steel scrap is used in the cupola charges, say, pig 
iron 50%, cast iron scrap 25% and steel scrap 25 ‘X,. 

The essential constituents of cast iron atid their 
physical properties are given below : 




Tensile* 



C'onslitiietit 

P- 

ivily 

strenglli 
in tons 

P'longa- 
tion % 

Ilrinell 



per sq.in. 



I'LTrite 

78G 

23 

40 

05 

iVnrlite 

7H4 

S3 

20 

197 

^>orbite (l*V^,i'\',C) 

im 

71 

15 

255 

CfUK'Hlilr 

7 HI) 

2 4 

None 

550 

I’husphi<lf. (I'V.P) 

7-32 

None I 

Ilriltlc 

400 

(irapliitc (C) .. 

2-55 

None 

None 

.None 

The introduction 

of steel scrap 

in the cupola 


mixture does not, as a rule, involve any reduction in 
tlie total carbon content hut effects a reduction in the 
(liiaiitily of silicon and phosphorus in the resultant 
iron according to the amount of steel scrap used. The 
nielting point of steel is about i.soo^C whereas the 
maximum temperature of the cupola seldom exceeds 
1400^0. The melting of steel in the cupola is accom- 
panied by an absorption of carbon up to 3% up to 
its eutectic requirements. Indian Railway Standard 
vSjiecification No. M. 14-42 for iron cMstings has laid 
down 12 tons and 10 tons as nunimum ultimate 
tensile stress for Class 1 and Class 11 respectively on 
o’ 564 inch gauge dia. test bar. Rrincll hardness 
miniber in the case of locomotive cylinder castings 
under Class I should be not less than 200 in accord- 
ance with B.S.S. No. 240. 

We have seen sleepers on the railway track, these 
arc cither of wood or metal. The average life of an 
wooden sleeper is reckoned as ten years whereas the 
metal sleepers may last over forty years. These last 
named type of sleepers arc manufactured either from 
cast iron or from pressed steel plates, I.R.S. Speci- 
fication No. T. 7-36 for cast iron plates or pots for 
sleepers lays down that the metal used for casting 
the plates or pots shall be pig iron and .scrap which 
may be either cast iron or steel. The bars for trans- 
verse strength which arc called for in the Specification 


must be placed on knife edges 3 feet ai»art and these 
shall withstand a load of 30 cwts. applied at the centre 
and shall show before fracture a deflection of not less 
than 0*30 inch. Drop tests are conducted using a 
monkey weight of 420 lbs. dropping vertically on the 
head of tlie rail keyed to the plate or pot sleeper to 
be tested. One impact blow of the weight falling 
from 3 feet and three successive blows from 7 feet 
are specified for broad gauge sleepers. The plate or 
pot casting must withstand this prescribed test with- 
out showing any sign of fracture. It is customary 



I'ig. I. — .Sleeper plate keyed in positirm for drop tests, 
witli the manufacturers of these sleeper plates or pots 
in this country to add on an average of 10% steel 
scrap ill the cuj)ola charges .so that llic resultant cast- 
ings may conform to the above test rcfinircmcnts. 
The chemical composition of the sample casting as 
drawn apinoximates as follows: — 


Coinbineil C.'irbnn 

... 0iS7% 

tTrapliitic Carbon 

... 2-7 

Silieon 

... I-.W'X. 

Phr»sphoriis 

... 

Sulphur 

... 0 («% 

^laiigaiiese 

... 0'f)5y, 


Salient features of i>oor strcugtli of common cast 
iron as revealed by the microslructure are large gra- 
phite flakes constituting planes of weakness and hard 
brittle phosphide eutectic. Proper technical control 
of the cupola working is needed to control graphite, 
to reduce phosphorus and to obtain an all pearlitic 
structure in tlie final castings. The demand for 
improved grades of cast iron having a tensile strength 
greater than twelve tons per sep in., B. S. S. No. 321 
for grey iron castings was superseded by B. S. S. 
No. 7^b/38 for high duly castings which specifics 
T 270 , T 420 , 3620 and u)io lbs. minimum breaking 
loads with * 11 , * 12 , 13 and 0*14 inch minimum 

deflection on '875 inch dia. test bar for transverse 
test ; 16, 10 , 23 and 26 tons per square inch mimnium 
tensile strength for grades i, 2, 3 and 4 respectively. 
It is imperative that the dia. of the test bar should 
conform to the main cross sectional thickness of the 
casting it represents. 
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111 the manufacture of heavy sectioned castings 
where the running of the metal presents no diffi- 
culties in obtaining a perfect, clean and sound 
castings 30% to 40 % steel scrap could be safely 
used. In the case of lighter sections it may be 
10 — 15% of the charge. This charge, however, has 
to be melted hotter than the ordinary pig iron and 
cast iron scrap charges, usual coke consumption is 
generally higher in proportion to the amount of steel 
scrap used. The steel scrap should be on the top 
of the pig iron and cast iron charges. Volume of 
air is more important than pressure, say, 14 cubic 
feet i)er lb. of the charge melting. The metal may 
be tapped at i/joo^C and cast around 1300^0. This 
steel-mix iron is superior to grey iron in tensile 
values, chemical composition, impact tests and 
llriiiell hardness, etc. It wears better and resists 
shocks better than ordinary cast iron. Microstnic- 
ture reveals a close grained structure consisting 
mainly of pcarlitc, some ferrite and cementite with 
some flakes of graphite uniformly distributed and a 
few patches of phosphorus eutectics. 

Meehanite irons which are usually manufactured 
from high steel charges are now being produced by 
some firms in Calcutta with success. Normally we 
expect to get a white iron at the spout of the cupola 
with high .steel charges but graph itization is effected 
by the addition of calcium silicide as an occulcnt. 
Typical analysis of the ^leehanite iron : 

Total Carbon ... ... 2-4 —2*7% 

Silicon ... ... 10 —I 5% 

Phosphorus ... ... 0*1 - 

Sulphur ... ... 0 05 -1 0% 

Manganese ... ... 005 10% 

These si>ccial irons cost 10 % to 20 % more than 
ordinary high duly irons. Cast iron is usually 



c 0 

rig. II,— (A) Carbon steel lb; Cast iron (C) MeebanUc 
(D) Mall'Mble iron 


made up of graphite, pearlite, ferrite and iron phos- 
phide ; malleable iron is simply made up of graphite 
and ferrite ; meehanite consists mainly of pearlite 
and controlled graphite in varying forms and 
quantities. Meehanite castings are sometimes called 
“bridging the gap** between cast iron and steel. In 
the manufacture of meehanite, millions of tiny parti- 
cles of graphite act as a nucleus in the molten metal 
for the formation of equiaxed crystals instead of 
columnar crystals which sometimes cause structural 
weakness. The entire process of meehanite nuliiu- 
facture is scientific and the resultant castings are 
more dependable, uniform and conform closely to 
Riiginecring vSpccification. They are practically 
displacing steel casting and forgings from the market. 

A few grades of meehanite for various service 
requirements may be summarised as follows: — 



'typical 

illustrations 

'I'ensile 
Min. 
in lbs. 

Brincll 

Mill. 

Modulas 
of elasti- 
city in 
millions 
per sq.in. 

(1) General 
Ktigg. 
Castings. 
GA 

Crankshafts, 
Hydraulic 
Cylinders, Tool 
vSiianks, Machine 

.so.ooo 

223 

21 

GB 

Tools, Uinis for 

45,(K)0 

212 

19 

GC 

1 Pumps, etc. 

40,000 

207 

17 

GJ) 

GK 


35,000 

l!>3 

15 


30,000 

174 

12 

(2) Wear- 
rcsi.sting 
WA 

Gears Si I'iiiions 
(Torch hardened) 
Brake Drums, 

50,000 

106-321 


WB 

Brake Blocks, 

38,000 

350-550 


WHC 

Valves, Crank, 

45,000 

Up to 550 


(Cliilles) 

(3) Hcal- 
rcsi.sling 
HA 

Crane Wheels, 
Dies, vSaiid 

Blast No/'.lis, j 
Pug Mill Knives, 
Piii versing 
Hammers. 

Diesel Castings, 
Steel Guides, 
Dies, Valves, 

50,000 

106-340 


HR 

Burner Parts, 

40,000 

aoo-^oo 


HB 

Stoker Part.A, 1 

38,000 

350-500 


HH 

(ias Retort Parts, 

30,000 

170-220 


(4) Corrosion 
resisting 
Castings. 
CB3 

Blast Piirnacc 
Paris, Pirc Grate 
Bars iSr Bricks, 
Annealing Piir- 
nnee Rails, 'I'em- 
pering Tanks. 

Acid Pumps, 
Valves, Pans, 
Condenser.^;, 
Retorts, Stills & 

45,000 

197 


CB 

Fittings. 

45,000 

187 



Present war conditions have given a great filbp 
to the use of steel-mix irons and it promises an ainpk 
field for the post-war development <?f tWs industry. 
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The writer has attempted many a time to advise 
small and big foundries of this country to improve 
on their technical control of the cupola working such 
as accurate regulation of quality and quantity of 
raw materials charged, control of chemical analysis 
and metallurgical structure in the final castings. In 
a word, the manufacturers have been impressed that 
they must know what they are putting in the cupola 


so that they may be sure what they are getting out 
of the cupola. On account of the proximity of coal, 
pig iron and sands, this part of the province is emi- 
nently suited for tlie foundry trade. A little techni- 
cal guidance in the way of setting up a provincial 
“Foundry Advisory Board” in Bengal would be of 
immense help not only for the foundrymen but also 
for the advancement of foundry research in Bengal. 


MEDICINE AND PUBLIC HEALTH 


MENTAL DISEASES IN INDIA 

MknTai. diseases in India form the subject of a 
.useful memorandum recently prepared by Ft. -Col. 
M. Taylor, I.M.S., Medical Superintendent of the 
luiropean Mental Hospital, Ranchi, following the 
vefiuest of the Medical Relief Advisory Committee 
under the cliainnansliip of Sir Joseph Bhore. The 
luohlcm of mental diseases in India, about which 
the general public still maintain a crude and primi- 
tive attitude, has so far received far too little atten- 
tion of the medical jirofession, A lunatic case is 
not regarded as a ‘patient*, as it should have been, 
hut is generally treated as an alien. There is no 
l>rovision for the diagnosis and treatment of early 
and recoverable cases, and treatment is not under- 
taken until the patient has fully qualified for a 
honafide case of mental disorder, i.e., has fully 
reached the stage of lunacy. It has now been 
ascertained that insanity begins before a person is 
insane, and if ])ropcr medical attention be taken 
early, the maladjustment can be cured. The 
accommodation in the few mental hos|ntals, the 
medical staff and other facilities are so inadeciuatc 
lliat several voluntar}’ boarders have to be refused 
admission, and the undesirable mixing of acute and 
recoverable cases with the chronic incurable has 
become inevitable. 

The memorandum suggests that, as the old 
Indian Ivunacy Act of IQ12 is now out of date, 
better and more enlightened legal provision will 
have to be made. Clinics .should be associated with 
general hospitals, who.se help could be given to 
border line cases. Principal clinics should, how- 
ever, be a.ssociatcd with medical schools, and pro- 
vision should be made for both indoor and outdoor 
I)atients. In view of the importance attaching to 
ihc after-care of patients who have completed hospi- 
liil treatment, the establishment of convalescent 
houses and after-care associations is recommended. 


Special emphasis should be laid on the niiicli neglec- 
ted teaching of psychiatry which is now looked upon 
by the medical profession merely as a kind of patho- 
logical curiosity. Indian colleges should also pro- 
vide for better psychological training to their 
students inasmuch as the trained social worker has 
an indisi)cnsable part to |)lay in any scheme of mental 
hygiene. 

The memorandum has also dealt with the case 
of mental defectives which also present no less diffi- 
cult a problem. Although wholesale sterilization is 
outside the scope of practical politics, it suggests that 
adoption of stcrili/ation as an alternative to life-long 
segregation and with the consent of the defectives 
or their nearest relatives will be the most human 
course. It recommends the creation of proper insti- 
tutions and utilization of hostels and colonies to 
house the defective population finding home en- 
vironineiil unsuitable. 

SILICO-TUBERCULOSIS 

The Medical Ncieslctter, No. 41, issued by the 
I'. vS. Office of War Information, has summarized 
the recent work of O. Auerbach and M. G. vStemmer- 
nian on silico-tuberculosis from a pajier published in 
the Aineiican Review of Tuberculosis. In order 
to determine whether or not pneumo-noconiosis 
alters or it itself altered by pulmonary tuber- 
culosis, the authors of this study reviewed 54 
cases of silico-tuberculosis and comi^red them w’ith 
9 cases of pneumonoconiosis without tuberculosis 
and .'Oo cases of tuberculosis without piieiunonoco- 
niosis. They found that, although silicosis and 
tuberculosis exist concomittantly in the same lung, 
each maintains its individual integrity. The tuber- 
culosis apparently alters the silicosis not at all. The 
pneumonoconiosis alters the tuberculosis only in so 
far as the silicotic nodules prevent the full develop* 
ment of tuberculosis granulation tissue and, in the 
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walls of cavities, tlic pyogenic membrane. Both 
granulation tissue and pyogenic membrane, however, 
are present in those portions of the lung where the 
silicotic foci are small or absent. Except for this 
quantitative difTcrence they found little variation in 
the tuberculous process, whether or not pncuniono- 
coniosis is prc\sciit. The size, situation and numbef 
of cavities are approximately the same. There is a 
slightly greater incidence of perforation of cavities 
through the interlobar fissures in the silicotics and a 
greater incidence of death from fatal pulmonary 
liaemorrhngc. The latter factor is due to the greater 
jiroductive reaction in the silicotic lung with greater 
opportunity to dcvcloj^ an aneurysm of a branch of 
the pulmonary artery. They found it difficult to 


determine the exact time at which pulmonary tuber- 
culosis was suj^eri in posed on pneunionoconiosis, un- 
less the patient was under observation during the 
transition period, since the symptoms of the two 
diseases are so .similar. While fever and definite 
evidence of cavitation on roentgenography arc u.seful 
diagnostic aids, the final conclusion must be based 
on the demonstration of the tubercle bacillus. Col- 
lap.se therapy was of little value in ca.scs of silico- 
tuberciilosis. This is apparently due to the fact that 
the silicotic lung remains voluminous and shows no 
tendency to collap.se. Most cases succumbed to pro- 
gressive pulmonary insufficiency. When the tuber- 
culous process invaded the remaining portions of 
resilient lung ti.s.sue sufficiently, death was inevitable. 


MINIMUM REQUIREMENT OF FAT IN HUMAN NUTRITION 

NlRMAIv C. DiriT, 

HAFFKINE IN.STITUTU, JIOMBAV 


JT is becoming more and more evident that those 
nations who can provide their pco])le with 
adequate diet for proper health and growth are likely 
to survive most in the post-war period. Today nutri- 
tion and diet are not mere tnatters of pensonal choice 
or individual peculiarities, but must depend on 
planned dietetics according to physiological needs 
as determined on scientific lines. 

The large variety of materials which arc available 
as human food contain substances which can be 
allocated to one or more certain comprehensive 
chemical categories or groups, the chief of which arc 
jirotein, carbohydrates and fats, commonly known as 
‘'proximate” principles of food. A diet to be com- 
I)lctc must contain all the three stamiiial principles, 
and in addition, the necessary inorganic materials in 
correct proportion and liberal amount of vitamins. 

It is, however, to be emphasized that the quanti- 
tative aspects of dietetics are as important from the 
l)oint of view of the physiology of nutrition as the 
quality of food. The optimum protein consumption 
is a mailer of supreme importance, inasmuch as most 
of the tissue constituents are nitrogenous compounds 
and of necessity have their origin in food protein. 
An adeciuatc diet must provide enough energy for the 
maintenance of body temperature and for the oerfor- 
mance of physical work. Fats and carbohydrates are 
mainly concerned A\ith the .supply of energy. 
marked deficiency in the ingestion of certain dietary 
components, sucli as the essential amino acids and 
vitamins, leads to a failure of appetite, whereas, the 
consumption of diet deficient in calories but adequate 
in Qtbcr respects creates a sciisation of hunger. Under 


the ordinary circum.stanccs, this mechanism tends to 
prevent the ingestion of insufficient food fuel purpose. 

In any idanniiig of a national dietary standarrl, 
energy requirement is a matter of primary considera- 
tion. The actual amount of energy needed and, 
therefore, of food reipiired, together with the propor- 
tion of the proximate principles in the diet, has been 
the subject of a large number of investigations. 
Amongst the basic researches may be mentioned those 
of Voit, Rubuer and Atwater, and a host of modern 
workers have continued similar enquiries. Our fuel 
requirements of the body vary considerably accord inc: 
to the nature of the occupation and a variety of other 
factors such as .size, age and climate. With the 
])rescnt knowledge of basal metabolism and the means 
now avaiUiblc of estimating the added heat re(|uire- 
ment for a definite amount of muscular work, includ- 
ing an additional allowance of energy exchange 
approximately to% due to the specific dynamic act inn 
of food, it is now possible to place such data as caloric 
rcquircnient on a much more secure foundation. It 
has now been realized that children’s needs arc out of 
proportion to their size. The figure, 3000 caloiies, 
is now generally accepted as a sound average figure 
for the average man. For working class men engaged 
in a greater expenditure of energy calories intake of 
3,000 — 6,000 or more per day may be necessary. 
Many dietaries have been proposed for the average 
adult man from time to time by different authorities 
and by scientific bodies. Some of them are sIionmi 
in Tabic I and Table II. 

The first three in table I are now chiefly 
historical interest. The Food (war) Committee of the 
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TABLE I 

Standard Dirtariks 


Protein 


Pat 


Carlxi- 

hydrate 


Calories 


Voit (Oeniiaiiy) 

Kutmer ((jeniiaiiy) 
Atwater (United vStates) 
War Society 
Pood (war) Coiiiniit- 
tec of the Kovfil So' 
eiety 


118 gr. 

127 

12 ft 



56 gill 
52 „ 
12ft 


500 gr, 
509 „ 
450 „ 


100 


500 „ 


3,065 

3,092 

3,520 


3,390 


Royal Society which met at the close of the war 
(igi8), however, pointed out that there is a distinct 
relation between work and fat ration and asserted 
tliat where viftorous muscular effort has to be under- 
taken it is essential that the diet should contain not 
Kss than 25% of its ciierRy in the form of fat. 

Daily requirement of protein, fat and carbo- 
liydrates and total calories of an adult male, according 
to the report of the British Medical Association, 
is indicated in the Table IT. 

tahup: ii 

Dirtary Standard i.aid down by H.M.A. 

Total calorics required .1,400 in food as iJiircliases 


Derived from 

Quantity 

Per cent 
of total 
calories 

Number of 
calories 

I’irst class protein 

50 gr. 

6 

206 

Second class pn>teiii .. 

50 

6 

206 


100 „ 

27 

930 

Carboliydrales 

500 

61 

2.05<) 

Total 

7(K) , 

100 

3,3f)2 


Ordinarily, the protein of the diet supplies only 
about .^00 calories per day. The protein intake need 
not l)e increased as a result of greater work, inasmuch 
as it is physiologically more economical to work at 
the expense of carbohydrates and fat. Most dietaries 
contain roughly four to five times as much carbo- 
hydrates as fat by weight. 

Without making any alteration in the amount 
of protein in the diet, variation within wide limits in 
the relative proportion of -carbohydrates and fat in 
isodynamic amounts are possible without injury to 
health. But it is not possible to replace the whole of 
the carbohydrates in a diet by fat or to rely upon 
carbohydrates to the exclusion of fat without certain 
disadvantage in the general metabolism of the body. 
Thus it is important to consider that this property 
of mutual replacement is not unliniite<l. This raises 
the question of the significance of fat in the diet and 
inininiinn requirement of fat in human nutrition. 


Dirtary Value of Fat 

Fat is important as a source of energy. Its 
energy value is the highest of all the foodstuffs. 


The inclusion of fat in the diet as a concentrated 
source of energy makes it possible to provide suffi- 
cient calories without increasing the bulk of the food 
to a degree which takes the capacity of the digestive 
tract. Starling who .served as a chairman of the Royal 
Society of Food (war) Committee (iqi8) remarked, 
“That the question of bulk is probably one of the 
most important factors in determining the need of fat. 
The human alimentary canal has been so developed 
as to cope with a diet in which 20 to 25% of the 
energy is presented in the form of fat. In order to 
get the .same energy from carbohydrates the alimen- 
tary canal would have to be larger.^* A meal lacking 
ill fat is deficient in staying power. People who arc 
restricted to diets very low in fat freciucntly complain 
that they become hungry soon after meal. Premature 
hunger was also a universal experience during the 
first five months of the year 1918. Starling recites 
the al)ove experiences in 1918. He has furtlier re- 
marked, “The ordinary individual deprived of fat 
diminishes his total intake of food and exists on a 
lower metabolic rate.** There are probably some 
reason for this craving for fat. In the first place, 
when the greater part of the carbohydrate food is 
abs<jrbed three hours after the food has been taken 
the chief absorption of fat occurs between five and six 
hours after a meal. On this account, individual 
deprived of fat get hungry .sooner than when he takes 
fatty food. Secondly, carbohydrates are more subject 
to fermentative changes in the intestine than the fats. 
Overloading the intestine with carbohydrates leads to 
many individuals to aI)normal production of gases and 
general discomfort. Although certain individual can 
for a time dispense with fat, yet to develop their full 
efficiency as a working machine, fat is an essential 
ingredient of the diet. 

Besides their high calorific value, fats are of 
extreme dietary importance as a vehicle of certain fat- 
soluble vitamins, namely A, D and E. Animal fats 
are generally the potent sources of vitamins A and D. 
Recent studies indicate that some of the unsaturated 
fatty acids attain a place similar to that of the 
vitamins in being necessary constituents of a complete 
diet. Thus a deficiency disease resulting from a fat- 
free diet has been ob.servcd in rats (1929). The 
animals are said to show regularly a scaly condition 
of the skin, necrosis of the tail, degeneration of the 
kidney and in some cases, sterility. This nutritional 
disease is curable by the inclusion of linoleic and 
possibly other higher nnsaturated acids or fats con- 
taining a large proportion of them. Hansen (1933), 
Eiistein and Click (1937) have suggested that certain 
eczematous conditions in humans, particularly in 
infants, niiglit be related to the deficiency of essential 
fatty acids. It has been shown by Hansen that the 
blood of eczematous infants tends to have less iin- 
saturated fatty acids than normal. Administration of 
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fats coiilainiiiR a high proportion of unsaturatecl fatty 
acids raised the degree of iinsatiiratioii of blood and 
ill a gratifying degree alleviated the eczema. It is, 
however, necessary that further investigation should 
be continued on similar lines to clarify the relation of 
dietary fat to eczematous condition. 

A certain amount of fat seems necessary to ensure 
satisfactory absorption of some nutrients of the food. 
F. Maignon (1934) is a strong supporter of the view 
that fat plays a quantitative role in nutrition affecting 
like vitamins, and in the utilization of food consti- 
tuents. He remarks, ''They have a favourable effect 
in the utilization of proteins for synthetic purposes 
and on nitrogen metabolism.*’ There are evidences 
on record to show that fat helps in a better absor])tion 
of the pigment carotene, the precursor of vitamin A 
in tlie body, from the intestinal tract. Probably by 
far the most important effect of fat of practical nutri- 
tional significance is concerned with the absorption 
of calcium and phosphorus of the food. The experi- 
mental evidence for the influence of fatty acids on 
calcium absorption has been pointed out by a number 
of investigators. Holt, Courtney and Falss (1921) 
found that utilization of calcium by infants was 
augmented by fat in the diet. Some of the very 
recent researches indicate that fat per sc possesses 
antirachitic profiertics. Kon and Booth (1942) seem 
to have definitely established this finding. Our results 
(to be published shortly) also lend strong support to 
the view that fats free of vitamin T) exert a definite 
beneficial influence on the calcification of the bone 
of rats and further indicate that fat probably acts as 
an anti-rachitic by influencing a better absorption and 
retention of phosphorus from a high calcium-low 
phosphorus rachilogenic diet where phosphorus 
forms a limiting factor. Probably of relatively less 
practical importance is the effect of fat in delaying 
or averting the symptoms of vitamin B, deficiency, 
known as "the sparing action of fat on vitamin Bj.*' 

Thus considerable experimental evidence to 
support the hyjiotliesis that fat possesses some intrin- 
sic quality of value to the organism other than 
sui)r>lying energy has accumulated in recent years. 
It has nutritional importance and physiological signi- 
ficance. 

I. 

Fat CoNsUMPiioN 

The actual intake of fat amongst people in 
various parts of the world show wide variations. In 
an interesting discussion of the dietary value of fat, 
Howe (1935) comments as follows on the consumption 
of fat. "In the so called standard dietaries the weight 
of fat consumed haS varied between 50 to i<)o grams 
per day. The average daily consumption of fats and 
oils purchased as such iu tlio United States is roughly 
63 grams per capita. Some dietaries in the south have 


shown a consumption of almost twice as much fat." 
The average American diet of today has been 
estimated to provide from 25 to 30% of its calories in 
the form of fat or approximately 80 to 130 grams of 
fat daily for the adults. In the countries of Western 
Europe, the feasible dietary limit has likewise been 
defined as approximately 80 to 125 grams i)er day 
from a varied diet of 3,000 calorics. Orr (i937)» 
dividing the total food supply by the population, gave 
the average intake of fat and carbohj'drates as 124 
and 425 gm. resi)cctively per "head" of population 
in 1934 in the United Kingdom. 

Turning now to the food habits of the people of 
some tropical countries and in the Far East, it is 
found that the standard of fat intake is extremely low. 
Fat only accounts for 6% of the total energy value of 
the diet of some Japanese. Me. Clendon (1936), while 
a visiting professor in Japan, writes that he "was 
much impressed by the low fat content of the Japanese 
diet and the great amount of fermentative dyspepsia 
among the Japanese. It .seemed to me that men were 
incapacitated for long periods of time because of low 
fat content of the diet." The diet of the average 
rice eating population of India is also characterized 
by a very low intake of fat. The diet of poor ric'e 
eater who form the vast majority of the people of our 
country is much (he same all over India. Their con- 
sumption of vegetable fat is low, that of animal fat is 
negligible. As to the actual intake of fat by an 
average Indian we have very little reliable data at 
hand. As reported in the Health Ihilletin (Rice, 
by Dr Aykroyd, typical rice diet sui)p]ies less tlian 
20 grams of fat daHy. It is, however, correct that 
the influence of climate, locality, habits and work on 
the intake of fat is so .’.reat that it is not possible to 
utilize one particular standard for general applica- 
tion ; nevertheless, the ciuestion as to what should l)c 
the adequate intake of fat with our usual high cereal 
diets should receive more importance than has 
hithertofe»e been recognized. 

The importance of the question of the minininin 
requirement of fat in human diet has now been 
realized, and it may be mentioned that this question 
was one of the subjects, which was taken up for dis- 
cussion and consideration by the Technical Com- 
mission appointed by the I^eague of Nations (193S). 

CiiARAcrKR OF Fat in thu Diet 

In determining the minimum requirement of fat, 
it is, however, to be considered that .the character of 
fat is not a matter of indifference. The choice of fat 
in human diet is no doubt governed by such factors 
as availability, local production, season of the year, 
personal preference and economic status. In India 
alone, a great variety of fats and oils are consumed 
in its different parts. Mustard loil is used all through- 
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out Assam, Bengal and Orissa, gingily and coconut 
oil are favoured in the south. Sweet oil is coniinon in 
Bombay Presidency. In certain parts of Northern 
India, where milk fat is reasonably abundant and 
cheap, it is consumed in greater amounts more in 
preference to common vegetable fats and oils. As a 
general rule, the diet of the well-to-do class contains 
relatively more of butter fat. In recent years the 
large scale production of processed hydrogenated 
wgetable fats has made them available as a cheap 
substitute for butter. In fact, the recent increase in 
their consumption for cooking and other dietetic pur- 
poses may truely be called enormous. As a cheap 
source of energy available to the poor, the use of 
these products cannot be objected to, as in terms of 
calories, all edible fats and oils in the market are the 
same. However, the question arises as to whether 
these processed hydrogenated vegetable fats exhibit 
■any noteworthy iiieciualities in respect to the co- 
tllicient of digestibility and absorbability as com- 
pared to other natural fats and oils and consequent 
availability for nutritive foods. It is reported by 
American workers from the results on human ex- 
periments that hydrogenated fats are digested with 
virtually the same case and completeness as other 
n.'itiiral fats and oils. We have found (results will be 
shortly published) that in regard to the relative diges- 
tion by rats of butter and hydrogenated fat, the 
behaviour of the two fats was practically the same 
hut the utilization of the fatty acids of hydrogenated 
fat was about 3% less than butter fat. This, no 
doubt, can be explained as due to the large propor- 
lioji of saturated fatty acids present in the hydro- 
;>eiiated fat. Absorption of fat depends on the length 
of the chain of the fatty acids and also on their un- 
saturation. It has been further observed that hydro- 
genated fat interferes with the absorption of calcium. 
When hydrogenated fat constitutes the sole source of 
fat in the diet, calcium absorption was about 14% 
less as conqiared to that obtained by feeding butter 
fat. The diminished ab.sorption of calcium as effected 
by hydrogenated fat is caused by a greater elimina- 
tion of calcium in the faeces as calcium soap. The 
lesiilts point to the importance in the selection of 
suitable dietary fat specially for the feeding of 
infants. 

Ivxtremely interesting results are now being 
reported from the studies on the conqiarative nutri- 
live value of butter fat and vegetable fats. The idea 
''liicli remained cogent until very recently that except 
h>r the vitamins present there is no difference in the 
food value of different kinds of fats is now being 
challenged by the gradual recognition on the possible 
^<ile of certain specific es.sential fatty acids in the 
minimal organism. The results of the recent researches 
tend to show that as the different proteins differ in 
their nutritive value depending on the make up and 


distribution of the essential amino acids in their 
molecular composition similarly the nutritive value of 
different fats and oils may be related to the presence 
or ab.seiice of certain specific essential fatty acids in 
their chemical structure. Butter fat is held superior 
to vegetable fat because it contains vitamin A which 
is lacking in the vegetable oils. Recently, however, 
Hart and his workers (1940, 1941) have conclusively 
proved that, in addition to its vitamin A content, 
butter fat is coustitutioiially superior to the vegetable 
oils. The superiority of butter fat is traced to a 
saturated acid (or acids) of high molecular weight 
which is not present, at least in quantity, in the 
vegetable oils investigated. The unsaturated portidn 
of butter fat when reconverted into glycerides is less 
growth promoting than the whole. But it appears, 
as- shown by them, that the unsaturated fraction of 
butter fat could be activated by hydrogenation. 
They further state that hydrogenation of the vege- 
table oils, such as corn oil, cottonseed oil, soya bean 
and coconut oil, did not improve their growth pro- 
moting i)roi)erties. The necessity for growth and 
vitality of certain unsaturated acids .or glycerides,, 
notably linoleic acid, has beep recognized for some 
time now. The suggestion that there are certain 
.specific higher saturated acids, peculiar to butter and 
not present in vegetable fats, which also exert growth 
promoting properties, if applied in human nutrition, 
will have a value of far reaching character from the 
jjractical dietetic poiiU of view. There appears to be 
further room for furtlier study of this pheiiomeiioii. 
This will no doubt i>lnce butter fat as an indispeiisible 
item of food in the human diet and more particularly 
ill the diet for feeding of infants and children during 
the whole ev)urse of their growth period. 

It may be interesting to quote the words which 
Leaths (192.5) remarked on the role of fat in vital 
phenomena, “Whichever way we may turn W'e find 
that what is knowai of proteins points to the impossi- 
bility of accounting for the ]>roperties of the cell 
substances by their aid alone. Whichever way we 
may turn there are indications that what is known 
and what is ]>ossible to learn of the in'opcrlies of fat 
must be of service. The role of fat in vital pheno- 
mena is a subject in wliich it may be expected that 
much may turn out that is of imiiorlaiice to the 
l)hysiologists and to physicians.** 

vSuMM.\RY 

It is necessary to understand that our iiew’er know^- 
ledge of nutrition has afforded a new outlook on the 
question of nutritional importance of fats and fatly 
acids. Fats and oils arc no longer to be looked upon 
as merely contributing in the energy they supply to 
the diet, but they play a role in the vital phenomena 
of life. Fat is essential and must be a constituent of 
normal human diet. 
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Food habits of the people of the different parts 
of the world show that tlie actual intake of fat varies 
from races to races. The diet of the average rice 
eating population of India is grossly deficient in the 
amount of fat. Ty])ical rice diets supply oidy 20 
grams of fat daily. Vegetable oils are the main 
source of fat in the diet of the majority of the people 
of India. 

In the light of what is known today that, in 
addition to its vitamin content, butter fat is of value 
to the diet as supplying some essential saturated fatty 
acids, which may attain a place similar to that of 
certain vitamins, it is to be hoped that our people 
sliould be advised by the nutritional experts of our 
country to furnish a part of their calories recjuiremeut 
from animal fat such as butter. This, however, is 
only possible if the fat is reasonable in price. •- 
What should be the minimum measure of fat and 
how much of it should be derived from butler fat and 
how much from vegetable sources in an ideal iliet is, 
however, one of the many important problems, still 
awaiting a solution. 
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BOOK REVIEWS 


A Critical History of English Poetry.— by H. J. C. 

Cjricrsoii and J. C. Smith, Chatto and Wiiidus, 

Pp. VIII l 527. Price 21 shillings. 

Sir Herbert Grierson and Dr Smith have colla- 
borated ill writing this history of poetry to excellent 
purpose. That they have done it in the midst of a 
cataclysinal war speaks volumes for that unpciTurbc*! 
spirit which enabled England to weather through 
the darkest days it would augur well for her future 
if her politicians could imitate the level-headed sanity 
of her .scholars. Twenty years ago the late T. Earle 
Welby gave us his admirable version of the progress 
of English poetry. But of work such as this we can- 
not have too many ; for whatever one may think of 
England in other spheres of life, we unhesilatingly 
endorse M. ArnoUrs reminder to his couiitrymeii 
that, “by nothing is England so great a.s by her 
poetry**. For the mere history of English iioetry, 
we believe Courthope*s monumental six volumes will 
continue to hold the field. Neither Welby nor Profs. 
Grierson and Smith have attempted Courthope’s 


admirable correlation between historical forces and 
literary expre.ssion. But Courtliope*s pages, wc migld 
say, almost reek with scholarship. It is not meant 
for the general reader, — the heavy atmosphere of the 
library is all round it. Welby wrote for the general 
reader ; in his work emphasis is distributed with 
an eye to agreeability. The present authors steer a 
safe middle course. Scholarship is lightened with 
lively enthusiasm ; appreciation is weighted with 
undeniable authority. Every page is alive with a 
freshne.ss that challenges attention. From the open- 
ing page to the last, interest never flags, and the 
variety of information is not allowed to oppress. The 
Anglo-Saxon period is dismissed with a summary 
that is adequate, though space might have been found 
for a discussion of the influence of Christianity in 
modifying Nordic paganism. But we are not dis- 
po.sed to cavil at this since English poetry, as wc 
know it, may be said to have been shaped by the 
civilizing agency of France as exerted under the 
Plantagcnets. Welby devoted some of his most en- 
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tcrtaining pages to the influence of Provence 
both direct and indirect. Profs. Grierson and 
vSiriith have been more compendious, but no- 
thing can improve their masterly resume of the 
evolution of romance we did not know that so 
much completeness could be achieved within such 
brief compass. We might have relished a fuller treat- 
ment of The Pearl, specially in view of its relation to 
the later poetry of the Renascence and Spenser. Rut 
these are matters of individual preferences which do 
not affect the general excellence of treatment. A 
serious objection is the cotiiplete absence of all refer- 
ence to the very considerable influence exerted on 
the literature of the romance countries, ami therefore 
of Plngland, by their contact with the jMoors. 
Chivalry itself, which lies at the basis of romance, is 
traceable to the Saracens of Cordova, and much of 
the accessories of chivalry, and, we believe, almost 
all the oriental glow of colouring that reaches its 
acme in the poetry of Spenser, is directly traceable 
to this. Altogether satisfactory, however, is the treat- 
ment of the Italian influence generally, and that of 
Petrarch in particular in the fifteenth century; and 
the anti-Pctrarchan reaction in Ren Jonson and 
Domic is glanced at with a happy felicity. Incident- 
ally while the discussion of the ini/abethaii sonnete- 
ers is more than sufficient, we note that the authors 
continue to regard Milton’s use of the enjambei as a 
lil>erty with the Petrarchan model. We had thought 
that Dr Smart liad conclusively shown it to be* pattern- 
ed on a recognised Italian model. Why Castiglionc 
is ignored is not clear, since '‘The Courtlier” looms 
large in the poetry of Spenser, Shakespeare and other 
hli/abcthaiis ; “the perfect gentleman” was much 
nearer to tlieir heart than it was to the \hctorians. 
Tlic treatment of the Jacobeaiis and the Carolines 
is, as was to be expected, admirable, and the same 
might be said of the discussion of the eighteenth 
century poets, particularly of tlic .satirists. That 
Hlake should have a chapter to liimsclf is legitimate 
in an age that might be said to have rediscovered 
liiiii ; we would have liked to see a fuller treatment 
of Blake’s relationship with Milton. Coming to the 
Koinantic poets, vve are uiialfle to reconcile ourselves 
uitli the author’s view' of Wordsworthiaiiisin. In 
fact, our objection extends to almost all Ituropcan 
critic who have undertaken this. For the Words- 
worthian attitude is entirely foreign to the West ; — 
tile proper connection betw'een Wordsworth’s pre- 
<lilection for silence and solitude and his comnumi- 
cation with nature can be appreciated only through 
an understanding of the nature and significance of 
tile mystic vision as inmiancnt in a process of spiritual 
discipline. It is easy to expound the mysticism of 
Vaugham or Traherne or Blake; but to understand 
inyslic vision that emanates from a period of proba- 


tion, one must be familiar with the esoteric heritage 
of the Hindus. Similarly familiarity with Vaishna- 
vile mysticism might have improved the discussion 
cjii Patmore. Indeed we have a further (luarrcl with 
the authors ; - the direct and indirect influence of 
Indian thoughts on latter-day luiglish poetry is not 
so much as glanced at, though it is distinctly ojiera- 
tive in much of recent lioclry — including that of 
Hopkins, Yeats, A. H., and perhaps also of Eliot. 
Swinburne, in view of his influence on Kipling, 
Henley, and even b>.ra Pound could have received 
more attention. 

But the editor frowns and we must stop. We 
take leave of the book with nothing but admiration 
for the case with which weighty matter is handled 
Ihrougliout, for the intellectual clarity displayed in 
ordering a many-patterned, iniilti-coloured tapestry. 
Only one suggestion wc have to make. The book 
should include in its re-issue an account of the deve- 
lopment of Pjiglish versification - in w hich so much 
valuable work lias been done in recent years. The 
publishers should be congratulated on the general 
excellence of the get-up which is pleasing to jaded 
eyes. 

7 ). N. (., 

Weatherwise. — By John H. Willis. Cicorge Allen and 

Hiiwiii l.td., iQ/t4. Pp. no, .so iflatcs. Price 

;’.v. bd. 

This book contains a record of weather at vSouth- 
well Dodge, Norwich, England, dnrin.g thirty years 
from 1Q13 to IQ42 by an experienced meteorological 
observer. It is divided into three sections. To avoid 
the usual method t)f description followed in weather 
reports, wliich may sometimes apiicar dull and un- 
iiiterestiii.g to ordinary readers, the author has nar- 
rated in the first section each year’s weather in a 
flowery style. But it is doubtful wliethcr this method 
of narration, which is somewhat a lengthy one, leads 
to a clear grasi) of the main features described ; it 
often api>ears to be cumbersome. 

In the second section, tables contaiiiin.g usual 
meteorological data for the thirty years arc given. 
They give monthly and annual means and extremes 
of temperature and total values of rainfall and 
sunshine. 

The most attractive feature of the book is its 
third section of jihotographs showing the effect of 
weather on tlie growth of plants and trees. These 
plates show the apparent condition of (a) the same 
snow-drop clump, (h) the same daffodil clump (r) the 
same chestnut branch and (d) the vSamc branch on 
some fixed dates of a year, the dates being different 
for each of these objects. The author has not, 
pi^rhaps rightly, given much space to discuss this 
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aspect, as further study is necessary to know the 
details. 

Casual mention of historical events, such as 
Battle of Britain, lias enlivened the interest of 
readers. 

The narration ^ives mainly the weather of 
Norwich with occasional references to other parts of 
Knglaiid ; as such the sub-title of the book, 
‘*Rnfi:land’s weather through the past thirty years*^ 
is not quite apiu'opriatc, though the chief points of 
interest to the public have been covered by the 
writer. 

Inspitc of restrictions due to the war, the liook 
has been i>riutcd on pa])cr of good (piality and the 
reproductions of iihotograjihs are excellent. 

N. K. S. 

Paranormal Cognition. — By Laurence J. Bendit, 
M.A., M,D. (Cantab.), D.P.M., Late Assistant 
Physician, Tavistock Clinic, etc. Published by 
P'aber amid Paber Ltd., London. Pj). 79. Price 
5 shillings. 

The book forms the text of the thesis on the 
basis of which the author was awarded the degree of 
the Doctor of Medicine by the Department of Medicine 
of the University of Cambridge. It is a significant 
sign of the times that an essay on what is popularly 
called ^psychism’, and that too written from the 
standpoint of a believer, should have been considered 
fit for acceptance by an academic body of the stand- 
ing of the Cambridge University as a doctorate thesis. 
The author believes, and he has cited cases of histories 
in siipiKirt of his belief, that animals iiiclucling human 
beings are endowed with a sixth sense, which he, 
following Thouless, designates as ‘Psi*. The Psi 
functions originally guided the instinctive behaviours 
of animals. In human beings it works on the proto- 
path ic or siil)conscious level. Mediums and certain 
neurotics show in an eminent degree the manifesta- 
tioiis of Psi function. The author tries to explain 
irrational emotional disturbances in certain jiatients 
as a Psi cxi)eriencc conveying the mental agitation 
sulTercd by some other person. The reviewer would 
like to point out that the author, like J. W. Dunne, 
who wrote that fascinating book ‘An Ivxperinient 
with Time’ on an allied theme, failed to consider the 
possibility of paramnesia as a factor affecting the 
validity of the records. The recent theory of the 


secondary ego as developed by Bose will again do 
away with the necessity of any paranormal explana- 
tion for the phenomenon of experiencing other 
peoples* emotion in an unknown manner. Although 
the book may not fulfil the expectations of a ration- 
alistic mind it will be read with great interest by all 
classes of readers. 

S. C M. 

A Text Book of Plant Physiology (for under- 
graduates) — By Shri Ranjan, ^I.Sc. (Cantab.), 
D<-)ctcur os vScicnccs, Professor of Botany and Dean 
of the Faculty of Sciences, Allahabad University. 
Published by Indian Press, Ltd., Allahabad, 
Fp* VI+228. Price Rs. 6/-. 

The needs of oiir undergraduate (B.vSe.) students 
in Botany are really fulfilled by this text book ainl 
laboratory manual combined in a single volume l»y 
Shri Ranjan of Allahabad University. Since Reynolds 
Greens* Vegetable Physiology appeared last in 191 r, 
no other suitable book on Plant Physiology has 
apiieared to fulfil the requirements of our under- 
graduates. 

The past 25 j^ears have seen many advances made 
in experimental work, and in the suggestion of new 
theories. Prof. Ranjan has endeavoured to incor- 
porate as much of this as seems to be sound and tlie 
material thus j^rcseiited is interesting and attractive. 

Ivach chapter has commenced with a brief histo- 
rical resume of the subject and the author has even 
ransacked vcdic literature (3000 — 5000 B.C.), to trace 
the history of the fermeiilation processes in plants. 

The book has been kept within reasonable tliincii- 
sioii but unforlunately certain parts c.g., growth and 
movements have been unjustifiably compressed and 
.some of the more iinporlaiit a.siiects of ])h3’siology of 
movements have not been dealt with at all. A biblin- 
graphy of works referred to in the text, at the end of 
each chapter, would have considerably enhanced the 
value of the book. 

The book is concluded with a chai>tcr on the 
elementary principles of logarithms about which oin 
students are often ignorant and a knowledge of wliii li 
is so essential, for a correct inlenn'ctation of the 
physiological processes. 

We have no doubt that the book will be found 
to be very useful to those for wdiom it is intended. 

A, K, G. 
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LETTERS TO THE EDITOR 

[The editors are not responsible for the views expressed in the letters.^ 


A NOTE ON LEAF MUTATIONS IN JUTE 

In Jute the only rceordod mill ant, till now, was 
a trisonic rciiortcd by Nanili^ called V, here- 
after. Two new mutants (\^ and \\) were found, 
(‘arly in the itM4 cro]) season, at llashbari (a village 
near Dacca), batei’ in the season two plants of 
were located at Konda (TipjKrah district), and 
two plants of mutant type V, were found, one at 
Narsin.udi (Dacca district) and the otlier at Rishore- 
j-aiij (Mynictisin^h district). 

('ihose and Das (lupta^ have dealt with the 
description of normal jute plants. In this note 
it will be shown how the mutants differ from the 
normal and frmn one another. 

The Ta mutant . — The jdants are characterised 
hv profuse branching, i)ecnliarlv cut up leaves and 
clusters of very small tlowers. The conspicuous di.s- 
liiictive leaf forms, and the association of more or 
liss complex clusters of the leaves, alon^ with the 
iimiierons liranches, pjves the plant a dense bushy 
;ipl •earn nee. (iMy;. i) 


leiiKth of the midrib is exposed, except at the base 
where a lobe of the lamina is left. A considerable 
variability is present in the expression of the lamina, 
and a feAv examiilcs of the ratine available are 
illustrated. (Fij;. 2). 



2. I^eaf forms of V, mutant. 



I'lG. 1. V. mutant. 


The leaves differ from the normal and from those 
the other mutants in not ])OssessinK- a complete 
lamina. Segments of the leaf blade are found 
inissing, resulting in the expo.snre of the midrib. 
Ihe extent and the number of points at which 
lamina portions are wanting, varies from leaf to leaf 
the same plant ; in extren)e cases the entire 
6 


The flowers of the mutant are tiny and much 
smaller than those of normal C. capsularis. The 
petals are fused with the sepals at the base up to a 
certain length, after which they arc free and project 
out of the sepals forming a lip (P'ig. 3). 



a b c “ 

I'lO. J. a. .ijTocarpous ovary, b. hicarpcllary group, tri- 
carpollciry groiij), d. fused sepal and petal. 


'Phe stamens are greatly reduced in number, 
which varies from 7 to 12. All the stamens are not 
normally formed, one of them is petaloid, some arc 
staminodes, yet in others the anther lobes may be 
partially or entirely missing exposing a barren fila- 
nn nt without even rudiments of another at the top. 
In .some llowers filaments of two stamens cohere. 
In flowers found later in the season, the staminodes 
are replaced by normal stamens. 

The ovary is more or less apocari^ous, formed of 
five cariiel.s present in two groups, one of three 
carpels and the other of two, the margin of the 
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carpels are fused at the l)ase witliin the groups 
(Fift. 3), stijiiua single or bifid. 

No capsules are j>roduced, but j)eculiar cup- 
shaped and discoid structures are developed towards 
the end of the season, as a result of the fusion of 
the margins of the apocarpous ovary (Fig. 4). No 
seeds are i)roduced. Leaf tip smears showed that the 
mutant had the normal complement of chromosotnes 
211 = 14. 



C 

I'lG. A. a. cup shaped slructiire, Ik dis<'(»i(l slmctiirc, 
c. discoid structure tnvcrl<*d in V. mutant. 

The F, mutant. This plant proved to be a 
normal variant chimera, all branches, except one, 
had normally formed leaves. On the variant branch 
the leaves differed from the normal in being nar- 
rower, more deeply serrated and the lamina irregu- 
larly spread on both sides of the midrib. The leaf 
of differs from in being narrower, more deeply 
serrated and the lamina spread etpially on both sides 
of the midvein, i.r., the leaf of tlie niutant branch 
of V.T is intermediate in breadth and serration of the 
lamina, between normal and Vj leaves. IHowcrs 
small with .s-menuis free serials and petals and ro-i6 
stamens. Stigma trifid or fourfid. 

Leaf tip smears f)f the Vn mutant showed an 
extra chromosome in the al)errant branch giving 
211+ 1 = 15 (Fig. 5), while rest of the branches were 
normal dlfdoid-s with 2n = J4 chromf)Sonies. 




Ih(;. b. 2n-fl 15 climinosoiiics 
in \\ inulaiit x 32(Kh 


Even though tlie V'a mutant flowered ])rofusely, 
no seeds were produced. Early in the season the 
flowers shed completely, but tow'ards the end of the 
season, after the shedding of the' sepals and petals, 
the peculiar cup like the discoid structures, described 
above, developed and were devoid of seeds. 


Early in the season and again towards the mid- 
dle of October pollen grain viability of the flowers 
were studied. I'rom each plant a large number of 
flowers were examined, all the anthers (7-12) of a 
lloAvcr were isolated on a slide and crushed in a 
droi) of acetocarmine and count of fertile and sterile 
pollen grains made. 

In the early flowers the pollen grains were found 
to be badly formed, shrunken and coniiiletcly sterile. 
Til the later flowers, while some anthers in a flower 
showed a large number of sterile grains, others in 
the same flower showed criually large niunber of 
fertile grain, and in the rest an eiiiial number of 
sterile and fertile pollen grains. The percentage of 
fertile pollens in anthers ranged from iS to 06 and 
the mean perceiilage of fertile grains iiF flowers 
was 56*7. 

This influence of environment on pollen fertility 
has been demonstrated in oilier crojis, in Micoliann, 
by I'ast and Park^ and in Ihnssica l\'kincn.sis by 
Stout.'^ 

In V.H mutant some anthers have non- viable 
shrivelled up pollen grains. Pollen sterility count 
showed more than flfty per cent of uon-viablc grains. 

R. L. I\r. OiiosK 
J. Datta 

Jute Agricultural Research Lal.>oratories, 

Dacca, 3-12-1044. 

* N'aiidi, II. I\., Trisoniic nintfilioiis in jute. Saturr. Ito, 
1)73-74, n>37. 

* Glio.se, U. J<. M. and D.'is Gupta, It., lOoral hiolo-.N, 

anlhesis and natural crossing in jn.U.‘. In ])rv‘ss. 

■* Past, li. M. and J\irk, J. H., Studies i>n self sterility. 'Dk' 

b<]ja\ ioiir »>f .self-.steriU* plant iicnclics, 2, .SOS. 1017. 

^ .‘‘>oul, H., Cyclic iii'niifeslatuni of sterility in ■/ 

l\^kiuensis and K. Chinicnsis, Hoi. 73, 110-32, lO.V 


INCIDENCE OF *BLOOD WORMS’ (LARVAE OF 
CHIRONOAfUS SP.) DURING AEROBIC PURIFICA- 
TION OF SEWAGE 

Tiik larvae of Chironomus sp. (Chironomidae, 
Diptera) arc coiniiionly found in stagnant waters and 
occasionally in water purification systems. They 
may be readily recognised by their crimson colour, 
which has suggested the popular name of ‘blood 
worms*. The larvae of some species of Chironomus 
are green. 

The following observations mainly relate to the 
occurrence and development of blood worms in .sew- 
age and sewage sludges under aerobic conditions. 

In the effluent channels from certain sewage 
farms in South India (c.g., Madura), where purifica- 
tion is proceeding satisfactorily and the effluents are 
comparable to those from the activated sludge tanks, 
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blood vvoriiis have been found to flourish throu^^h- 
out the year, aloii^ with a number of ciliate luoto/.oa 
(such as the species of Et^istylis, Carchesium, Zoo- 
tliamnium, Vorlicclla, and Pa.rancsium)f certain ali»al 
forms and some species of fish, all of which develop 
naturally and persist in all seasons of the year the 
(liffereiit forms of life would appear to form links 
of the cycle of nature. 

The blood worms are not iKjrmal inhabitants of 
;icti\'aled shidRe, but they occasionally make their 
appearance in the aeration tanks, as has been 
()])served in most of the installations in India^* as 
also in a few plants at other centres*'* \ Fowler’s 
observations would suRRCSt that inadetiuate air- 
a.ipply favours the occurrence of larvae of Cliirono- 
nious in activated sliulLie and that they ai)pear in (pian- 
lilv in the slowly moving sludge and completely alter 
its pliysical characteristics. Swaniinatliaii also re- 
ported that the rapid development of chironomous 
larvae is due to defective aeration and improper cir- 
eidation of sludge in the aeration tanks ; he found 
that the larvae lived even at very low oxygen level 
and collected all the sludRe i)aiiicles into small 
r\ lindrieal masses which were buoyed up to the sur- 
lace (if the li(iuid. According to Anderson at Michi- 
i an, the production (if blood w’orms in sewage is 
due primal ily to stale .sewage and warm tempera- 
Inie ; wlieii the temperature of the sewage in the 
•lal sewers reaches about 7o°F., the treatment plant 
n^iially becomes infested with blood worms which 
(.a use a Rreat deal of difhculty witli the operation of 
the aeration plant ; the worms form ‘cocoons of 
^Ind.ee’, about one inch in length an one-eighth inch 
(liameter, which adhere to the walls of the tanks and 
I'iially break loose and float on I lie surface of the 
filial setlliiiR tanks, due to entrained air or the septic 
c'lndiiiuii the slndRe particles, barton at (Ihio - 
lias also described the devastaliiiR elTecl of chirono- 
midal infestation. At the same time, it is not clear 
from the^o accounts of the invasion of blood worms, 
iiNW exactly they interfere with the jn-ocess of .scw- 
aRe purilication and how* they come into the 
aeration tanks. 

Recent re.searclies carried out in India and in 
<'llier jiarts of the world have revealed and established 
that the start as well as the elhcieiit functioning 
nl the activated sludge plant is essentially depen- 
dent on the developinent of certain special forms of 
I'lotozoa, especially the metnbers of Kpistylidiic and 
^’orlicA’llidae^"^, Continued observations at banga- 
lore for a period of about six and a lialf years have 
conclusively shown that the efficiency of activated 
sludge may be referred entirely to the active pre- 
scMiee of the special forms of protozoa, more espe- 
ci.illy the genus Et^islyUs of which some nine 
dilTerent species have been isolated atiicu- 

Epistylis ancutaika, etc.). Normally, the sides 


of the aeration tanks are densely covered with the 
slimy masses of Epistylis and activated sludge is 
largely made up of the protozoan colonics. These 
and (gher conditions obtaining in the activated sludge 
tanks are apparently favourable for the development 
of llio blood worms, if they have a chance to come 
into the tanks. It has been observed that when 
the bhiod worms develoi) ill large numbers in these 
tanks, they interfere with the normal deveh^pment 
and activity of the useful protozoa. The W'orms 
attack tile protozoan colonies on the sides of the 
tanks as also in the sludge and use them as material 
for making their characteristic tubes which at the 
same lime become sources of their food supply as 
well. In addition to such protection and nutrition, 
there is adefiiiate air supply in the aeration tanks 
which are therefore admirably suited for the devc- 
lopineiil of the blo(xl worms. 

Observations on the incidence of chirononius in 
the aeration tanks have showni that they make their 
entry in two ways. If, as in the case of S(mie in- 
.stallations, aeration is discontinued for some time, 
more especially during the nights, the adult flies 
come and lay iheir eggs directly on the supernatant 
]ii|uid in the tanks, and the eggs i>roceed to deve- 
lop into larvae. The eggs may also be taken along 
with the sewage and stillage into the aeralicm tanks, 
depending upon the conditions of the sewerage 
system. 

Jvxi.)criiuents with the blood worms in the labo- 
ratory as als«j those carried out on the tanks have 
shcjw’ii that aeration is most important for their 
develoi>ment in sewage. If the air supply is cut off, 
the larvae become inactive and die. They can also 
Ix' killed out by using kerosine, ijyrcthriim powder 
and a few eheniicaks, such as copper sulphate. 

Anotlier interesting (observation on the Chirono- 
WHS larvae collected from about forty differeut 
sources (waters and sewage sludges) w’as that their 
body cavities showed the tn'osencc of certain ])ara- 
silic nematodes which w’cre identified as Mermis sp. 
'I'hose from activated sludge w’cre found very heavily 
infected, each larva showing sometimes seven or 
more Mcimis at various stages (of devclopmeut. It 
may also be observed in this connection that there 
appears to be no record relating to the occurrence 
of such parasitic nematodes in the blood w’orms, at 
any rale from Indian waters and sludges. 

Till' above observations are of very considerable 
.scientific and i)ractical importance introducing a 
new outlook ill regard to the oxidation of sewage 
and other organic matters in nature and their re- 
alisorption into the cycle of life. 

The detailed paper will be published elsewhere. 

The author’s thanks are due to Prof. V. Subrah- 
manyan and Dr C. J. lujwler for their kind interest 



400 


SCIlvNCK AND culture 


Vol. X, No. 9 
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disposal ; and to Mr T. V. Subrainaiiiatri, Dr B. R. 
Seshachar, Dr G. D. Bhalerao and Dr Baini Prasad 
for their kind help in idcntificalioii and valuable 
information bearing on the subject. 
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LIFE HISTORIES OF SOME MAJOR CARPS OF BENGAL 


Ai/rii(jUGU it may sound straii^^c to note that \vc 
are taking the major carps of Bengal as the second 
staple food for the lime immemorial, it is certain 
that no complete description of their life-histories have 
been recorded as yet. We are running a scheme ‘On 
the life-history, bionomics and development of the 


fresli water fishes of Bengal* under the Imi)crial 
Coiiiieil of Agricultural Research for the last eight 
years and below we are giving the gist of our 
knowledge in this direction for tlie benefit of the 
other workers in this line. The details and discus- 
sions will lx* given elsewhere. 


Cat la cat la 


Labeo calbasu 


I.abeo 


Labeo roliita 


1. Breeding seasmi . 

2. Spawning ground 


3. Structurv^ of forth j 

Used egg on txlru- | 
sion. 1 

4. Nature of eggs .. { 


5. Size of the egg 
after swelling. 

6. Segmentation 

(a) 8 celled stage 

(b) IG celled .stage 

(c) 32 celled stage 

{d) ComplelioTi of I 
yolk invasion | 
and formation I 
of blastopore, j 

7. Appearance of em- j 
bryonic rudiment. 1 

8. Appearance of optic i 
rudiment. 

■ 9 . Appearance of :.enrt 
rudiment. 

10. Appearance of gill 
rudiment. 


June to July. 

(i) fn shallow areas 
forming pockets 
adjacent to river 
after a heavy show- 
er. 

(//) In bundlis— a spe- 
cial tyi)e of jiond 
where the old wa- 
ter is rej)Iacc(l by 
rain water from 
shower or from a 
collection of lain 
water at a higher 
level. 

Mostly spherical, light 
red bill some are <jval, 
2 mill, to 2-2 mill, in 
diam. 

Demersal, iion-adhe- 
.sive without oil glo- 
bules. 

5-3 mm. to 6-5 nun. in 


diam. 


Regular; .35 min. 
fertilization. 

since 

1 hr. 29 min. 
fertilization . 

since 

1 hr. 54 min. 
fertilization. 

since 

2 hrs. 19 niin. 
fertilization. 

siiu 

6 hrs. 30 mill, 
fertilization. 

sine 

8 hrs. 50 min. 
fertilization. 

after 

M hrs. 5 min. 
fertilization. 

after 

14 hr.s. 30 min. 
fertilization. 

after 


16 Iirs. after fertili/a- 


Afay to July. June to Jiilv. 

Same as in Catia ealla. Same a ^ in ( '. I'aCa. 


Oval bluish. 1-5 in i More or less spherical 
diam. ' bluish, 15 mm. in 

diam. 

Same as in C. caiUi. Same as in ('. calla. 


3 mill, to 4 mm. in 

diam. 

Regular; 45 min. since 
ferlilizalinn 

1 hr. 30 min. since 

fertilization. 

1 hr. 50 min. since 

fertilization. 

2 hrs. 15 mill, since ' 

fertilization. 

6 lirs. 25 mill, since 

fertilization. 


4-5 mm. in diam. 

Regular; 30 min. since 
ferlili/.atic)ii. 

55 min. since ferlili/a- 
tion. 

1 hr. 25 min. rifler 

fertilization. 

1 hr. 55 min. after 

fertilization. 

5 hrs. 25 min. since 

fertilization. 


8 hrA. 30 min. titer 
fertilization. 

II lirs. after fertiliza- 
tion . 

14 hrs. after fertilisa- 
tion. 

14 hrs. 40 rain, after 
fertilization. 


7 hrs. 45 min. after 

fertilization. 

10 hrs. 40 mill, after 

fertilization. 

15 hrs. after fertiliza- 

tion. 

15 hrs. 45 min. rifler 

fertili'/alion. 


Juin- to Jui>. 
vSanie as in ('. calla. 


Round reddish. 

Same as in C. 


5 mm. in diam. 

Regular; 35 min. siniv 
fertilization. 

1 hr. 10 min. sinct' 

fertilization. 

1 hr. 35 mill, siiuv 

fertilization. 

2 hrs. 10 min. since 

fertilization. 

5 lirs. 45 min. since 

fertilization. 


8 hrs. after fcrtili'-:^- 

lion. 

10 hrs. 35 min. alter 

fertilization. 

15 hrs. 5 min. after 

fertilization. 

15 hrs. 50 min. since 

fertilization. 
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I/U'E HISTORIES OK SOME MAJOR CARPS OF BENGAL ((.hhL/.). 


n. Appearance of pec- 
toral fiii-bu<1s. 

12. Appearance of oto- 
cyst rudiments. 

13. J’eriod of incu])a- 
tion. 

14. Jven)»tli of newly 
hatched larva. 

15. Characteristics of 
newly halched larva 


10. Appearance r»f the 
inediaii lin fol<l. 

17. Ile^n'tining of pul- 
sation of heart. 

IS. Appearance of dor- 
sal till nidinicnl. 

19. .%|)pearancc of pel- 
vic fin rudiment. 

JO. Appearance of anal 
tin rudiment. 

?1. .Appearance of 
scales. 

Appcarani’c of har- 
1k*1s. 

.M. .\pi»c!ir:nice of liver 

M. .Vppearance of air- 
hladder. 

.-V>. I'Vy 


2G. Developuiontal nio- 
♦ liticalions of the 
facial structures. 


Catla catla 


lAibco calbasu 


Labeo f^onius 


Labeo rohita 


1() hrs. 10 min. after 

fertilization. 

14 hrs. 30 min. siiK’e 

fertili/alion. 

16 hrs. 40 mill, since 

fertilization. 

4*2 to 4-7 mill. 


14 hrs. 40 min. afttn- 
firtilization. 

14 lir.s. after fertili/,a- 
tioii. 

1.5 hrs. after fcrtili/a- 
tion. 

4-2 mill. 


17 hrs. 10 min. after 

feitili/alion. 

1.3 hrs. .50 min. idnee 

fertili/ation. 

10 lirs. 45 min. ‘'iiiee : 

fertili/alion. | 

3-3 mm. to 4*8 mm. 


14 lirs. 30 min. 

ferl ilizalioti. 

13 hrs. 20 min. 

ferlilization. 

17 hrs. 15 mill. 

fertilization. 

3*5 to 4*5 min. 


after 


I3yes, otocyst, 
slits, rudiments of 
pectoral fins, embryo- 
nic fin folds are pre- 
sent. Hody laterally 
compressed and trans- 
jiarciit. 

12 hrs. 45 min. since 
fertilization. 

15 hrs. since ferlili/a- 
tifin. 

7th day .since liatcli- 
iiiK. 

13th day since liatch- 
iii^^ 

10th day since liateli- 

ini^. 

31.st (lay since liat('h- 

inR. 

N'o harfiels. 

3rd day since halch- 
iiii;. 

2nd day since hatch- 
ing. 

Head large, transpar- 
ent opercular flaps; 
snout long, chin com- 
pressed, no harliels, 
moiuli anterior, looth- 
les.s, body with .scales. 


vSanie as in C. calhi. 


14 Ill's, since ferlili/a- I 
tioii. 

14 hrs. 40 min. since i 
fertilization. 

8tli day since hatch- . 

ing. 

loth day since natch- 

in.S". i 

lull day .since hatch- i 

i»yr. ’ , 1 

.351 h day since h.ilcli- ' 

ing. i 

JOth day after liatcli- ' 

ing. 

3rd day since hatch- j 

3rd day since hatch- : 

ing. 

Aloutli narrow, lips 
fringed, snout de- 
pressed and ohlusc, 
eolour greyish, a yel- 
lowi.sh .spot at ll.c 
front part of base of 

dorsal fin, a yellow- 
ish hand at the nape, 
barbels blaek. 


Same as in ('. catla. 


1.5 Ill's. 50 mill. 

firlili/alion. 
Not known. 

since 

7th day 

siiure 

lialch- 

iiig. 

198 Ins. 

since 

lialcli- 

iiig. 

162 hrs. 

since 

balch- 

ing. 

5th week 

.since 

li.itch- 

ing. 

.3rd week 

since 

liatch- 

ing. 

120 hrs. 

since 

h.ilch- 

ing. 

24 hrs. 

since. 

liatch- 


ing. 

Head coiiijiressed, thin 
barbels, mouth tooth- 
less, body with scales, 
lip fring.'d, both coii- 
tinuDiis at angle of 
mouth no symidiysi- 
cal knob on lower 
jaw, body with lon- 
gitudinal bands, fins 
ilottcd black. 


i 

I .‘same as in catla. 


14 hrs. 20 min. since 
fcrl ilization. 

15 hrs. 20 min. since 
ferlili/alii.ui. 

Sth day since hatching. 


IStb da\ since hatch- 
ing. 

12th day since liatch- 
ing. 

.381 h day since hatch- 
ing. 

.hd week since hatch- 
ing. 

4lh week since hsitch- 
ing. 

flays since liatch- 
iiig. 

Ivi])s fringed ; lower one 
deflected downwards 
and continuous, body 
with scales and the 
longitudinal bands, 
fins marked with ver- 
million red. 


10 utni. slai^e. 

Lower jaw bigger and 
upturned ; gape of 
the mouth is 1-7 mm. 
eye 1 mill, nostrils 
not ])rotiiinent. 


; 9 mm, I 

l«ower jaw bigger .and j 
: uptunicd ; gape (d tliej 
j mouth 1*6 niin. lye j 
0*9 mm. nostrils j*ro- j 
! miiicnt. ; 


7 nnn. static. 

Lower jaw bigger, nar- 
row and upturned, no 
liarbcls, nostrils pro- 
minent, gape of ilie 
mouth 1-4 mm. eye 
0*8 mm. 


10 mm. siaf^c. 

I.ovvcr jaw bigger and 
ii])lurned, gape «d‘ the 
mouth 17 mm. eye 1 
mm. nostrils jiromi- 
nent . 


14 mm. stage. 

Lower jaw bigger, 
mouth oblicpicly up- 
wards, gape of the 
mouth 2*7 mm. eve 
1*7 mm. 


j 12 mm. stage. 

I Rotli jaws equal, llu* 
i mouth ai the u»p of 
! the snout, .ga]K* of 
the mouth 1*7 mm. 
each nostril divided 
by .septum, eye 1*1 
i mm. 


13 mm. stage. 

rpV>er jaw bigger, bar- 
bels develo])ed, nos- 
trils Const riclcd, gape 
of the moiiili 1(» mm. 
eye 1-.2 mm. 


12 t)nii. stage. 

jaws and mouth same 
as ill /-, calbasu, gape 
of the mouth 1*7 mm. 
nostrils prominent, 
eye 11 mm. 


22 mm. stage. 

Lower jaw much big- 
ger, mouth upturn- 
ed, gape of the mouth 
is 5*2 mm. lips fleshy 
but noii-umtinuous, 
no taste buds ; 
noslril.s completely 
formed, eye 1*9 mm. 


125 mm. stage. 

Upper jaw bigger, 
mouth on the ve.uiral 
side, lips thit'kened 
and continuous, taste 
buds jire.senl ; eye 
M mm., gape of the 
mouth 1*4 inin. 


tft mm. stage. | 

Upper jaw bigger, < 
mouth veulralwards, 
barbels well develop- j 
ed, gape of mouth \ 
■6 mm, eye 1*4 mm. j 


15 mm. stage. 

Loth jaws are equal, 
mouth at the tip of 
the snout, lips fleshy, 
continuous ; no ta.ste 
buds ; division of nos- 
trils is complete ; eye 
1-3 mm., gape of the 
mouth 2*2 mni. 
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LH'E HISTORIES OI‘ S05IE MAJOR CARPS OF BENGAD - (Cowtd.) . 
Catla catla ' l.abeo calbasu | Labeo gonins 


44 mm. sfai^c. 
jaws aiul mouth same 
as in previcjus slaije, 
no taste buds, gape 
of the month 8 mill, 
lips not eontinuoiis, 
eve 2-5 mm. 


27. Tlabital of the J'diill! Generally surface- 
feeders. 

28. Food. 

5 mm. to 10 mm. 


1 cm. to 2 cm. 

2 cm. to 10 cm. 


10 cm. to 28 cm. 


More than 25 cm. 


76* mm. siai^e. 

Jaws and mouth as in 
. jirevious stai'e, gape 
of mouth Ifi mtn., 
lips friii^jed ami con- 
! tain taste-buds, eye 2 
mill. 


Afttir yolk absorption 
lake minute unicellu- 
lar ali;ae. 

Protozoa of various 
nature. 

lmic(!l hilar algae 10% 
Protozoa ) po/ 

Rotifer \ ■ ^ 

Crustacea .. 80% 

Sand particles ., 1% 
rnideiilifiod mass 3% 

Piiicel hilar 8: lila- 
meiilous algae 5% 
Rotten vegetable. 10' o 
Protozoa & Rotifer 3“o 
Crustacea .. 657ii 

Sand jiarticles .. 2% 
Unidenlified mass 15% 

t.hiicelhilar fila- 
mentous algae 5% 
Rotten vegetable 
F*rotozoa & Rotifer 37o 
Crustacea .. 34% 

Sand particles .. 3% 
Unidentified mass 25% 


23 turn, stajie. 

Jaws and iiumth as in 
the previous stage, 
ta.sle-buds well deve- 
loped, gape of the. 
mouth 1-8 mm. 

4/> mm. staf>i\ 

.\pertiire of the mouth 
narrow, gape of the 
mouth 2*5 mm., eye 
2 mm. 


47 mm. .s/age. 

Mouth narrow t tiil 
ventral, gape of the 
tnoulh 21) tnm., lips 
adapted for sucking 
and continuous, e^e 
2-2 mm. 

Generally lK»tlnm lee<l- 
ers. 

vSame as 


ill C. nil lit. 


Same as in C. catla. 


16 ?, 


12 % 

40 '^,, 


Filameiilou.s algae 
Uiiicel hilar algae 
C'rustaee.Ji .. 38'?', 

Rotifer Tt protozoa 10'*„ 
Sand particles .. 
Unidentified mass 
Mollu.sca 
Unicellular & fila- 
n lent oils algae 
Rotten vegel.dile 
Protozoa & Rotifer 2%, 
Crustacea .. 8'?o 

Sand ])articles .. 5",', 
Unidentified ma.ss 3l?o 
Mollusca .. 2% 

Unicellular v\' fila- 
mentous algae 2% 
Rotten vegetable 50'*,^ 
Protozoa & Rotifer 2"/,, 
Crustacea .. 3?o 

Sand partieles .. 10% 
Unidentificil ma.ss 29% 
Mollmsca .. 4?', 


23 mm. stage. 

Upper jaw much big- 
ger, barbels and taste 
biuls are well deve- 
loped, gaptr of the 
mouth 1-8 mm., eye 
P7 mm. Kach nos- 
tril is divided by a 
.septum. 

30 mm. stage. 

Mouth and lips same 
as in previous stage, 
gape of tlie moiilh 
2 mm., eye 19 mm. 

3fi tnm. stage. 

Mouth narrow ami 
ventral, groove be- 
hind the lower lip 
very ])roniiiient, lips 
lleshy, fringed and 
adapted for sucking, 
eye 2 nim., gape of 
the mouth 2-2 mm. 


(Jenetidly boUloui 
feeders. 

Under investigation. 

l/iider investigation. 
Under investigation. 


Under investigation. 


L.aheo rohiia 


21 mm. stage. 

Both jaws equal, mouth 
shifts slightly via- 
Iral wards, taste hiuls 
pre.scnt, gape of the 
mouth 2-5 mm., eve 
1-8 mm. 


40 mm. stage. 

Mouth ventralwanls, 
gape of the mouth 2 ti 
mm., eye 2 mm. 


47 mm. stage. 

Mouth venlrahvanK, 
gape of the moutli 
31 mm., eve 2-2 mm. 


liencrally mid<lU‘-N\.Ci'.i- 
feeders. 

vSame as in C. eat la. 


vSame as in U. nitta. 


Unicellular algae 
Protozoa t 

Rotifer J 

Crustacea 
Sand partieles 
Unidenlified mas: 


38 „ 
15% 
4i> , 


Under investigation. 


1 Unicellular & fila- 
! mentous algae .. lo , 
I Rotten ve.v.elable 88 . 
j Rolilier & Protozoa 2 
j Cru.slacea .. 5 ',. 

vSaiul luirlicles .. 8';,. 
Unidentified mass 17% 

Unicelhilar & fila- 
mentous algae ,. 3'\, 
Rotten vegetable 57?., 
Protozoa & Rotifer 2’., 
Crustacea 

Sand particles 5% 
Unidentified mass 25*;, 


Department of Zoolo:%\% 
Calcutta University, 
Calcutta, 7- 1 -1945. 


H. K. MookerjkK 
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another species of PHERETIMA from INDIA 

\ 

The most recent revision of Indian forms of 
Vhereiimd^ recognized thirteen species, each regard- 
ed as a recent importation or immigrant. In a 
collection from Dchra Dun there are several speci- 
iiicTis of a fourteenth species, Pherethm birnnniica 
(Rosa, 1888). This species has been known hitherto 
only from a restricted area in Burma, mainly on the 
Shan Plateau, pcrij)heral points of which are 
Toungoo Karen Hills, Keiigtung, Pang Long and 
Maiig Lung vStates, Baiui (Vunhan), Lashio, Kutkai. 
:ind Namkham. The species gets down into the plains 

Toungoo, Bliauu), Myitkyina, and has been 
found across the Irrawaddy only at Naha and Katha. 
Presence at Dchra Dun of a species which is lacking 
in so much of central and western Burma must he 
due to importation, presnmahly by man. 

Although the species has been aide to maintain 
itself in Dchra Dun, it does seem to be having dilTi- 
eidtics there. Eight of the eighteen specimens had 
lost a posterior portion at or behind 52/5;v Eight 
others i)roba])ly had lost a posterior portion perhaps 
follmved I)y some slight reorganization of the last 
two nr three segments or by regeneration of a tail 
of two or three segments. The two remaining si)eci- 
iiiciis appear to have tail regenerated of throe and 
foiii segments only at 66/67 ^^^d (S;/88. 

If these inlerprelations arc correct hirmnnica 
lias a rather restricted regenerative cai)acity, being 
;il)le to replace only two to four of the segments of 
Inst tail portions. This is not in agreement with a 
rallier general assum])lion that an anterior ])ortion 
of aiiv eartliworm species can regenerate all of a lost 
posterior ])ortion. Nothing, however, is ccrtailnly 
known of regeneration in the genus t^licrctima. 

The number of segments is 112*. Specimens o 
Mild 10 (Table i) accordingly appear to be nearly 
c(iin|>lcte. In these two worms the lyidilosole ends 
in segments 81 and 85 which may represent about 
the normal termination of that structure. If so, we 
should expect the tyjdilosole to extend into the ter- 
minal segment when a posterior portion has been 
lost anterior to segment 80. This however is not so, 
the typhlosole ending 3-12 segments in front of ter- 
tJiinal mctaniere in specimens 1-3. Does this indi- 


cate that loss of a posterior portion is followed by 
regre.ssion of the typhlosole? vSome evidence for an 

TABbK 1 



Nu tuber of 
scgiin-nls 
in worm 

Typhlosole 
riids in 
segment 

Nuinlx.T of 

])OSt- 

lypiilusolar 

segmt’iii.s 

l\)storior ctid 

r 

S2 

44 

8 

backing 

2 

05 

(>2 

3 

backing 

3 

W) 

54 

12 

Regenerate of 

3 .segmeiils ? 

4 

87 

03 

21 

Regenerate of 

4 segment. s ? 

5 

87 

; 01 

23 

backing 

6 1 

!M) 

' 'J 

; hi 1 

Probably 
' lacking 

7 
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affirmalive answer may be prf)vided by specimens 
4-7 in which the tail has been lost or probably has 
been lost, .shortly behind the region of assumed 
normal typhlosolar termination, for in these worms 
the number of post-typhlosolar segments tends to 
approximate the number in specimens q-10. 

Ill the key of the 1037 revision, as well as in 
that of BahLs memoir\ P. birnuirtira runs down to 
8b, /\ luniUiyana from which it is distinguished 
(externally) by absence of genital markings, invagi- 
iiate spermathccal and male pores. 

The author’s thanks are extended to Miss, 
Marion Beebe and Mi.ss Jane Tracy for assistance 
in procuring the worms. 
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Mathematics and Statistics 

The Summabilify of A Fourier Series and its Conjugate Series 

B. N. PRASAD 


jg^IvSTORICALLY tlic suiniiiation and use of in- 
finite scries is as old as Newton and Leibnitz, 
or even Archimedes ; but the creation of a siitisfac- 
tory theory is (he acliievemeiit of only recent times. 
Although in ctniiieclioii with his researches on the 
hypergconietric scries (latiss made an important and 
rigorous exfmiination of infinite series and Helzano 
defined clearly wliat slmnld ('oiistitnte a convergent 
scries this ever-growing editu'c of infinite series 
remained withoiil a stable foundation until it was 
supplied by the remarkable investigations of Cauchy 
and Abel. The cfnivergencc of infinite series Laving 
been disposed of, the (ineslion of divcr^i^cnt series, 
known as Asymptotic series, was taken up and deve- 
loped chiefly by Poincare and Jstieltijes. 

Tn order to utilize usefully a much wider class 
of divergent series (filler than asymptotic series, 
methods were devised towiirds the end of the last 
century so as to associate with them by processes 
closely associated with Cauchy’s concept of conver- 
gence, certain values Avhich may be called their 
‘sums’ in a reasonable way. vSuch processes of the 
summation of series which were formerly tabooed 
being divergent, have recently multiplied, and the 
whole thing has grown into the modern rigorous 
theory of summahilily. Among; others, mention may 
he made of the ]n'o<*esses of summability commonly 
associated with the names of Holder, Cesaro, Abel, 
Borel, Le Roy, Kulcr and Riesz. 

The application of such processes of summation 
is found to be most suitable particularly in Fourier 
scries, its conjugate series and other imi)ortant allied 
development in Mathematical Physics. Regarding 
Cesaro summalnlity of Fourier series, Fcjer obtained 
the fundamental result which was subsetiuently 
generalized by Lebesgue and extended further by 
Noaillon and W. H. Young. Recently IL N. Prasad 
has developed an elegant, general method by wdiich 
all the previously known results and several new 
ones can be obtained in a simple manner. 

In order to gain deei)er insight and more infor- 
mation about the degree or mode of non-coiivergeiicc 
or convergence of h'ourier series and its conjugate 
series, summability of friiciional and nr^aiirc orders 
of these series has been inve.stigated by Hardy, 


Littlewood, Chapman, W. H. Young, Bosanquet, 
B. N. Prasad and others. Recently various other 
tyi)es of .summability .like stronjfH summability, ahso- 
hitc summahiliiy (A) and (C), have been applied to 
I'ouricr .series and its conjugate scries, and numer- 
ous re.sults of far-reaching character have been 
discovered l)y Hardy, Ijttlewood, Titchmarsli, 
Zyginund, Plessncr, B. N. Prasad, Bosamiuct, Chow 
and a host of other workers. A comprehensive in- 
vestigation of the C(m jugate scries has been madr 
by B. N. Prasad who has develo|)ed a powerful 
method which continues to remain effective even 
where the classical theory fails. 

In .spite of the tremendous amount of work dmie 
during the last hundred and fifty years in develop- 
ing the theory of I'ourier series the basic problem 
of finding a necessary and sufficient cojxlition for 
convergence at a given point remains so far unsolved. 
W’ith the processes of summability the situalinii, 
though somewhat imju'oved, remains essentially al- 
irio.st the same. Nevertheless, there is hardly an\ 
important aspect of the theory of these scries which 
have not been afl’ected directly or indirectly by tliis 
new concept of summability. 

It may be remarked that the huge amount «>! 
work that has been done in recent years in iiivoli- 
gating the .summabilitv of a P'ouricr series and its 
conjugate series bears ami)le evidence to the power 
and jotentiality of tliese new processes of sumimi- 
tion. In fact, for obtaining a deeper insight iutn 
the nature of infinite series, indeed infinite inte- 
grals, the various orders in Cesaro siunination may 
Ik* considered to form successive steps of a lon.e 
observation ladder of which the ordinary conver- 
gence is only a particular step, but if instead ot 
taking oI)servations while remaining fixed on this 
step, we do .so by moving ii]) wards and downwards 
on the ladder as ncces.sity arises, W'e may natnrallv 
l)e in a better j)osition to secure the fullest sight ol 
our object in view. vSince mo.st of the probleins in 
physics and allied subjects are ultimately reduced to 
infinite .series or infinite integrals, it is not surprisin.t^ 
that a judicious application of this new and powerful 
tof')! of a suitable type of summability process, may 
produce re.sults unbeard of before. 
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Botany 

Some Aspects of Plant Anatomy in Modern Research 

G. P. MAJUMDAR 


OROI'. MAJUMDAR divides the subject inalter 

of Ids address into two parts, viz., study nf the 
(vllnlar orKard/atioii at the apices r)f the vegetative 
Mild flowerinj^ axes, and the importance of the sUtdy 
,,f anatomy to taxonomy. Pie stresses the indispen- 
sable nature of the first to the proper interpretation 
of the structure, development and phyloKcnv of 
j)lants and their functions, and tries to substantiate 
tlic cemtention of Prof. Rower “that it is here rather 
than in the mature jjarts that the key to causality 
should be souftht”. lie then on to discuss the 
(lilTerent theories propounded from time to time to 
interpret tlic cellular opuanization at the vei>etative 
Mpex, and suRMCvSts that in the li.eht of the ]>rescnt 
studies the T\inica-Corpus theory of the apical 
iiieristeTn should be revised. 

With re^fU'd to the initiation of leaf ijrimodium 
;it the Kfowinj^ a])ex he supports from his ()wn studies 
the soubttsscmcnl foJiarc (foliar foundation) theory 
i)f ('fie.eorie and bonis. He shows that at successive 
time intervals or pla.stochroiies, the foliar foundation 
is laid at a particular sector of the Rrowin^* apex 
on which the primordium is erected subset luently. 
The erection or emergence is caused by the differen- 
liatiiiR vascular system runnin.e: up from below into 
the foliar foundation and liberating’- special nutrition 
into the active meristem. I{ach foliar foundation 
nith its vertically emergent primordium is thus real- 
ly ;i ahooi unit, or i^hytou, or as Schuepp, IMestley 
jmd Priestley and vSeott would describe it a y^roTcih 
n nit. 

He then deals with the ])henomena of ‘Vacuola- 
ti»m behind the apex*, and the formation of leaf .uap. 
With regard to the formation of leaf-gap he 
cliallenges the old theory that it is caused by the 
bnsiiK'lal influence travelling downwards from the 
leaf i)riniordiuin, and explains that the leaf gap is 
caused by the basifugal iminilse to more vigorous 
iuid earlier growth activity which has isolated the 
most vigorously growing sector of the prodesinogeii 
cylinder in a new leaf primordium. 

Ill describing fhe shoot apices of inflorescence 
huds he discusses the Classical theory of Floral ^lor- 
pliology, and" also the theory that holds the carpel 
mid stamen as reduced branch system. From his 
limited researches on this vSubjcct he shows that the 
Classical theory of Carpel Morphology cannot be siip- 
lH>rted on the grounds of developmental history, 
two apices, vegetative and flowering, arc 
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fundamentally distinct and arc not reducible to a 
common plan. In this he agrees with the late Prof, 
flregorie. Rut pending further researches he reserves 
his opinion on the conclu.sions of (Ircgorie that the 
stamens and carpels are “micro.si)orangiophorc.s*’ and 
“spermatophorcs** respectively. Thompson, how- 
ever, supported Gregorie by calling the 'embryonic 
or meri.stematic muff* at the llowering apex as the 
'sporogeiious meristem*. He believes that Mrs Abbcr 
is right when she says that the term homology should 
be dropped when comi)aring floral parts with foliage 
leaves, but keeps an open mind when Wilson regards 
stamens and carpels as reduced and modified l)rancbes 
homolog lions with leaves of a similar origin. 

In the .second part I'rof. Majumdar starts by 
defining anatomy and anatomical methods, and em- 
phasizes that anatomy should be understoo<l not in 
a narrow but in a comprehensive sense. This com- 
prehensive view has given ri.se to the development 
of such studies as physiological anatomy, phylogene- 
tic anatomy, experimental anatomy, protoplasmic 
anatomy, and similar other anatomical studies. Tie, 
however, confines himself to anatomy and taxonomy 
of flowering plants. Tic (piotes profusely to prove 
the indispensable nature of anatomical evidence in 
establishing phylogenetic relationships in jdants. In 
this respect invariable anatomical features are more 
reliable than the variable external characters. The 
Kew Hcrl)arium enlists the collaboration of anato- 
mists in determining the correct taxonomic position 
of plants of uncertain rclatioiisliip, but he regrets to 
point out that the Royal Rotanic Garden Herbarium 
at Sib])ur is neglectful in this respect. He sho\vti 
that allied species founded on the basis of single type 
si>ccimcns have been reduced on anatomical evi- 
ence in many cases to mere varieties of a single 
s|)ccies. 

Rut he warns against overrating of anatomical 
characters. He agrees with other anjitomists that 
the endomorphic and exeomorphic characters should 
he emp>loyed in conjunction with each other as an 
auxiliary to taxonomy, as a means of confirmation 
of results obtained on external features. 

With regard to the selection of anatomical 
characters only the conservative and peculiar in 
nature should be taken. In this connection the 
phyletic and biological characters should be distin- 
guished for the phyletic is superior to biological. To 
obviate the difficulties of selection these characters 
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have been standardivsed. In this respect the Inter- 
national Association of Wood Anatomists have taken 
and are taking leading ])arts. They employ four 
methods for this purpose, namely, the methods of 
Ass(x:iation, Correlation, Exception and Se<iuences. 

Prof. Majiimdar concludes his address bv appeal- 
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ing to all taxonomists of India to take anatomical 
features into consideration when publishing new 
genera and species, and to the Heads of Botany 
Departments at the Indian Universities to include 
anatomy as a major subject in the curriculum ot 
honours and post-graduate courses. 


Chemistry 

Some Aspeefs of Synthetic Dyes 

K. VENKATARAMAN 


JT is only in recent year?i that the imi)ortance of 
the dyestuff industry to the economy of the 
country has been realised in India, although textiles 
constitute our premier industry and our annual 
import of dyes has been of the value of about four 
crores of rupees, 'riiis figure may be doubled if we 
provide for a rise in the standard of living and an 
increase in the per capita consumption of textiles to 
double the present figure. The history of the dye- 
stuff industry in other parts of the world, particularly 
in Great Britain, its intimate relation to other chemi- 
cal industries, and the ex[)ericnce of the two great 
wars .are a clear demonstration of the need for 
organising the indigenous production of coal tar 
intermediates, dyes and synthetic organic chemicals, 

A survey of the necessary raw materials for dye 
manufacture has shown that the iiosition is on the 
whole favourable, and iirovided certain conditions are 
fulfilled, it is ja'acticable to manufaeture all the dyes 
in substantial demand in tlie country in 15 -20 years. 
There are, however, many i)roblems to be faced and 
solved. While the coal tar raw materials arc avail- 
able, or can be readily jirodueed, onr limited coal 
resources must be carefully conserved and utilised 
in a rational manner. 

The inorganic heavy chemieals, consisting mainly 
of suljdiuric, hydrochloric and nitric acids, caustic 
soda and soda ash, are over 00 per cent of the total 
raw material reiiuirenicnts. Although they arc 
already being produced on a considerable .scale, they 
arc more or less fully allocated to existing industries, 
and it is unlikely that, with the possible excejition 
of sulphuric acid, the dye industry will be able to 
draw on the present production. Further, the prices 
are too much high, and it may be necevS,*>ary for the 
Indian dyestuff industry to include in it.s own pro- 
gramme the manufacture of such heavy chemicals 


as nitric acid hy ammonia oxidation and sodium 
nitrite as a by-product, oleum, and sodium sulphitl- 

'J'hc plant requirements reprc.sent a serious pi»)l) 
lem and it will be necessary to import a considerahK 
part of the jilant, after taking tlie fullest advanta-r 
of engineering facilities in the country. We will 
have to <lcveloi) ulliinalely a full fledged cheiniral 
engineering industry capable of producing all the 
machinery and equipment for the chemical imhiS' 
tries, including the special plant which can withstand 
the .stringent conditions of corrosion, temperaluic 
and pressure involved in imxlern chemical i)roces>».s; 
but the time factor is the primary consideration, and 
the early establishment of dye manufacture must 1h- 
made possible by entering into working arrangements 
with foreign manufacturers of plant. In view of tin 
difficult and complex nature of the processes of dve 
manufacture, co-operation with one of the large aii<! 
well establislicd dyc.stuff organisations in Euioi)l- ni 
America will be desirable, so that their technical 
experience may l>c available to us. State aid would 
also be required in many forms and one may recall 
in this connection the steps taken by the Brilisli 
Government during the last war to safeguard t'lc 
Hritish dyestuff industry. 

Research 011 synthetic dyes should have amide 
provision in ihe national iirograinme of researcli. 
The leadership of Germany in the manufacture 
dyes and medicinal chemicals was mainly due te 
lier far sighted encourageiiient of research. Great 
Britain and America were not long in learning this 
lesson, and it has been comtmted that the American 
dye manufacturer spends over two million dollars i‘ci 
year on research, devoted not only to the discovery 
of new dyes, but also to continuous improvcmeiit in 
methods of production and plant design. 
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SCIENTIFIC EDUCATION AND RESEARCH IN RELATION 
TO NATIONAL WELFARE-III. 


\ vS a result of Ihu iliscussioiis wliicli have appcareil 
^ in tlic two previous isslle^ of this series of 
jirtieles it was eoiicluded that the application ot 
scientilie methods to national welfare involve the 
Inllowin.'L’ steps : 

(a) To ensure (/) that a scicMiliiie and teehno- 
iio.ejcal bias is i>iven in the pre-university staj^e of 
ulucation of the school i;x)ing- population and (ii) that 
advanced teaching and training in methods of 
research in pure and applied sciences are given in 
universities and professional and technological 
institutions of university rank. 

(b) To provide facilities to selected groups of 
aide students to undertake advanced training in 
fundamental and applied researches. 

(c) To provide suitable organi/.ation for co- 
urdination and direction of research, and also to pro- 
vide maehiiicry for the iitili/atioii of results ot pure 
1 search . 

(d) To ensure the application of the results ol)- 
tallied to practical ]irobleiiis of agriculture, industry 
and iiiedieine by means of pilot plants in industries, 
f'eld trials in agriculture, and in public health liy 
operation in small health areas. This represents the 
development stage. 

(r) To provide agencies for the liroadcasling of 
results obtained in the development stations to the 
intere.sted sections of the comiminity. 

In the imescnt article we shall deal with certain 
iispects of these problems and sliall in this connection 
consider the recommendations which have recently 
•M^peared in several reports dealing with the different 
icspuets of the problem of reconstnictioii in India, 
ihesi* are; Post-War Kdncational Developmeiil in 
bulia (will be referred to as T), Abbot Re])orl on 
Vocational Education in India (ID, C, K. Preston’s 


‘Ivlucation and Training of Eiigiueei iiig Persoiiuer 
(III), ?vIemoiaii(luiii on the Development of .Agricul- 
ture and Animal Husbandry in India (IV), and .A. V. 
Hill’s ‘vSeieiitilic Research in India’ (\'). W’e are 
still awaiting- reports of the llealtli Surwy and 
Development Committee and of the Jiidustrial 
Ke.search Planning Committee. 

IhCJUMiTNTlON ()1‘ AimiDRlTV OVKK HI »i;i: \ TK )N, 
KKSKAKCn, KTC. BKr.VKl-X CKNTH\i. \\I> 
I’ROVrXLT \L AUTIII )R ITIIC S 

Tln\ ((iieslion has been discussed in most of these 
reports and the underlying principle in all their 
recommendations ai)pear to be (/) that for all purjioses 
of planning India is to lie considered as a single 
geugrai)hieal and economic unity, (//) but for con- 
wnieiice of adininislralion, a large devolution of 
power should be entrusted to the provincial autho- 
rities, (/7i) but where siieli devolution has taken place, 
it will be necessary for the Central Covernmeiil to e.\- 
ercise a large degree of control, to ensure uniformity 
ill standards of education and o^iportunity for techno- 
logical training and research. This will lie necessary 
in view of the fact that tlic dillereiit provinces are 
not etpially well provided with economic, agricul- 
tural and iiidiLstrial resources and also not e(iually 
advanced in education and teclinical training. Thus 
for all schemes of eilucational and oilier planning it 
will be necessary (a) to establish a much closer eo- 
opcMtion lietweeii the Central and the Provincial 
(i{»vernments, (b) to break down existing provincial 
barriers, and (c) to introduce financial arrangements 
weighted dowui in the iiitere.st of the poorer areas. 
Thus it is suggested in (I) that all national planning 
and co-ordination of effort on a national basis will 
involve some kind of subsidy from Central to Pro- 
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viiirial revenues. At the same lime there will be 
some effective liaison between lliese authorities in 
order that the former may not only advise and 
a.ssist the latter, but may also ascertain that the 
central subsidies arc being spent on approN cd develoi)- 
ineiits. 

Further the location of technological and rcvSearch 
institutions must largely be determined by industrial 
and commercial considerations and not by provincial 
areas. Tt is also necessary at the same time that in 
a nalicmal system students, whatever their place of 
origin, should have access to tlK)se institutions wliich 
provide the special training. As a consecjuencc it 
will be necessary to make a drastic change in the 
existing system of rmancing education, which may 
l)e given in the form of Idock grants for approved 
schemes. Hut whatever form it lakes, unless the 
whole cost of education becomes a charge on Central 
Revenues, which is unlikely, it will be e<tuilable to 
‘weight’ tlie formula in the interest of those pro- 
vinces whose rcweinie pr<Klucing eapacity is below 
average. 

The view is also expressed in this report that 
while the Provaiices should remain the main units 
for educational administration, the activities of the 
higher educational centres like nnivcTsities and 
technological institutions should be co-ordinated on 
an All-India basis. 

Similarly in all proposals made in f and IV for 
the planning of research and development of agri- 
cnltnre, while there is a large degree of devolution 
of authority to the provinces regarding education, 
research and development, the Central authorities 
will (at the same time) remain resi)onsible for the 
co-ordination and for supplementing the activities of 
the provincial authorities, which wall be exercised 
through a Federal l)ei)arlment of Agriculture and 
Animal Husbandry, with its associated Institutes for 
Research and Development. The starting of a large 
nnm])er of All-Tiidia Commodity Committees illns- 
Iratcs the same tendency for the integration of 
research and development activities of the provinces ; 
eaeli Committee will have a Central Research Station 
linked u\y w ith a number of regional research stations. 
These stations wn‘11 he maintained by means of cess 
or duty levied on the particular commodities con- 
cerned. Advanced teaching in agriculture is, how- 
ever, recognized as a provincial responsibility, and 
no proposal has yet been made to co-ordinate agri- 
cultural education from the centre by an All-fudia 
Committee. 

On the other hand medical education imimrtcd 
in the provincial medical colleges are co-ordinated by 
the all-India Medical Council. Medical Research is 
undertaken in several All-India institutions w’hicli are 
not in any w’ay connected with the medical colleges 
and are maintained parll:' out of grants from the 


Indian Research Fund Association. Wc are not 
aware how many experimental health areas, of the 
type maintained at Singur, Bengal, by the Red Cross, 
are in existence in the whole of India. Need has 
been felt for associating medical research more 
intimately with medical colleges and universities and 
for the establishment of a large number of field 
health centres. 

In technology very little has been achieved in 
co-ordinating higher teaching in engineering and 
technology on an All-India basis. Attention is drawn 
in I to the lack of any utiifying principle in the mode 
of control of technical education in the provinces. 
In most areas such education is under the control of 
Dabour, Commerce or Industry Department. It is 
l>ointed out that in every industrial country general 
and technical edncalitm is administered by the same 
Department of the vStatc r/3., that of Education. 
At the same time closest contact should be main- 
tained with Industry and Commerce, and also the 
te^chnical institutions must be localized as near to 
industrial areas as i)ossiblc. The result will be that 
some |>rovinces will contain many more instilntioiih 
than others. F'or these and other reasons shUetl 
previously, it will be necessary to cstablisli an All- 
liulia bod\' vested with the ]H)W’er to initiate, c(;* 
ordinate and control the provision for teehnieal 
education, c.g., by means of a National Council for 
Technical Education. Already an Association of 
rrincipals of Technical Institutions in India lias ]»Leii 
started, whose *)bjcct is the formulation of a iiation.il 
policy in technical education and to establish All- 
fndia standards for courses in the major brandies 
of technical institutions. Support of indusliial 
research by the Central Governnient commeneed onlv 
in M.) 4 o with the establishment of the Council oi 
Scientific and Industrial Research. A research 
laboratory under a Director has been established in 
Delhi, and the Council also provides grant for ; inv 
and applied research undertaken in niiieer>iiy 
laboraUnics and research instilntions. 

Schemes have been apiiroved for the starling 
of National Research Laboratories in Physic''. 
Chemistry, Metallurgy and Fuel Research. Proi>osal‘. 
have also been accepted for the starting of a miinber 
of Industrial Researcli Associations, w’hich are to be 
maintained out of funds to be provided by the 
industries concerned. The Industrial Research 
Planning Committee will, it is expected, make 
detailed recommendations as to how such industrial 
resc-arch will be undertaken. 

In addition to the different Advisory Council 
and Boards maintained by the Central Goveriiiiient 
for education, research and development in agricul- 
ture, indirstry and medicine, the latter also maintain 
certain scientific departments and surveys rfc., in 
Meteorology, Geology, Geodesy, Zoology and Botany. 
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'riicre is very little contact between the activities of 
iliese departments with those of similar deJ)art^lent^ 
ill the universities. 

University Khucation 

As the universities are the source of su])i)l\’ of 
trained personnel, research workers and ailininislra- 
tors reciuired for industry and (lovernnient scieiilitic 
departments, it will be necessary to consider in some 
detail the iiast history and present position of the 
Indian universities. 

As is well-known the first universities were 
started in 1857 in the three presidency towns of 
koinliay, Calcutta and Madras. They were then only 
lesponsible for the conduct of examinations for the 
benefit of a number of afhlialed but largely indepen- 
dent colleges. As a result of the recommendations of 
a munber of Commissions and Committees like the 
Hunter Commission of 1882, the Universities Com- 
mission of H)02, the Sadler Commission of 1017, and 
tile llartog Connniltee of 1027, there has been a 
madiial development in the character of the 
universities. Tlie purely aHiliating and examining 
universities of the old type like that in Calcutta have 
developed successful departments of post-graduate 
leaching and research. On the other liand unitary 
nniversities have been started in Dacca, Lucknow, 
Allahabad, etc. It is recognized under the present 
cmuUtions there is place for both tyiies of nniversities 
in India. The iirincipal academic dilTerence- between 
llie two types of universities appear to lie that (/) in 
llie unitary universities the intermediate teaching is 
no longer the rcsi>otisibility of the universities, but 
is under the control of special boards, (//) the post- 
inlcTiiiediate course of four years is split into an 
limionrs graduate course of three years and a post- 
.-’ladnale l\I.Sc. course of one year ; while in the 

older universities the respective under-graduate and 
I'ost-graduatc course extend each over two years. 
'I'lierc has been a great deal of discussion on the 
lespective advantages and drawbacks of the two 
schemes. Our iiersonal ex])erieiice of examining the 
Work of the candidates from both types of imiversilies, 
h«»lh ill the graduate and post-graduate stages, 

leads us to the view that a two years honours 

graduate ^course jdus two years M.Sc. course 

provide a better specialized training in science, 
hroliablv for the purpose of competitive cxmninalioiis 
the three years course is bettor suited. It has to be 
stressed that, unlike conditions prevalent in the 
1 nited Kingdom, university training in India is con- 
siilercd to be completed with the blaster’s degree. 

Some of these defects and drawbacks in univer- 
sity education are discussed below : 

[i) Inadequacy of high school education. — The 
education imparted in most of the high schools pro- 
vides an inadequate preparation for a university 


career both in content and in teaching. The high 
school education being a provincial re.sp»>nsil)ilii\ 
varies from province to province. The conditions are 
siK'cially deplorable in Bengal, where there are about 
high schools almo.st all of which arc maintained 
from very inadequate fee incomes. It has to be in- 
vestigated whether the education inii)arted dmiiig 
the ten-years coiir.se of school education does not lead 
to a deterioration of both the physical and mental 
1‘fiiciency of tlie pupils. Better provision in stall and 
equipment as well as a radical change of the author- 
ities eontrolliiig high school education will lie 
necessary before any iini)rov''cment in the products of 
school education can be expected. National eihcieiicy 
depends so much on the type of basic and school 
education [»rovidcd for tlie growing g.eneralion, tliat 
it is a mailer of great concern that school education 
is becoming so much a sidqect fur [itditical and reli- 
g i<.) us CO n 1 rover si es . 

(//) ! nadeqiiLicy of funds. — Tlie total expenditure 
in U)/p^-4i on university ediicalioii according to I 
amounted to Ks. 1,b5,83,97i, of whicli <t7'7 iier cent 
came from fees, ij’o per cent from cn(]ownieiit.s and 
.P:>'4 per cent from pnldic funds. The total number 
of students during tlie year was i,2T,-]8i which rei)re- 
vSeiits a per capita exi)enditurc of Rs. y>o/~ a year ; 
the actual amount for different lype> of education 
vary, being highest for medical edncalioii and lowest 
for education in arts subject. The number of students 
in 1Q41, who graduated in the arts subject was 
;>2,972 and in science 10,700. This outtiini of 
graduates is to be considered as very inadeciuate com- 
pared to the total population of the comilry, but even 
then previous to the present war, tlierc was a large 
amount of graduate uiicmploymciil. According to 
the estimates given in 1, only .v> per eeut. t)f the 
university products can be said to have obtained 
eini»lovinent in keeping with their attain iiieiits or 
comnieijsiirate with the time and money spent on their 
education. This indicates a failure to relate the 
activities of the nniversities sufficiently closely to the 
re<iuirements of the community. Co-ordinated effort 
will be necessary from now to increase tlic avenues 
of enq>h>ymeiU by planned expansion of industry 
and agriculture and also to adjust our eiluealional 
efforts to the le^inirements of the country. Such e.\- 
])aiisioii and reorientation of university education will 
not be possilde unless lliere is a considerable increase 
in benefactions from i)rivale sources ami grants from 
public funds of siifficient amounts required to place 
the universities in a position of (iiuuicial stability. 
So long as they remain largely dependent on 
students’ and examination fees, the universities can 
hardly l)e exi)ected to put such restrictions on 
admission as to allow high standards to be maintained, 
and minimize ri.sks of graduate unemployment. It 
has to be recognized that adequate teaching in 
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.scifiicu is not possible in institutions (like j»rivale 
aniliateil colleges) wliose income clei»ciKls on (lie very 
moderate scale of fees wliicli the average student can 
afford to pay. It is also extremely undesirable that 
post-graduate teaching and research should depend, 
as in some universities, on the allocation of a portion 
of the fee income received In’ a university for con- 
iluction (»f examinations. Larger grants are neces- 
.sary for better |)rovisinn of ade(inate teaching in 
universities, esi)ecially in science subjects. When 
increased funds are available, it will be desirable to 
establish M»me kind of target to the number who 
can be admitted to university courses in arts, science, 
ami in jnofessional subjects and also to establish 
M)me criteria on the relevance of different courses of 
^tudy to tile re<iuirements of the community. 

The present war has created a large demand for 
persons trained in science, technology and commerce. 
'I'liis has resulted in a rush for admission of students 
to these courses of study and in a conse(iuent drop in 
admis.sion to the arts departiiieiils of tlie colleges- 
subjects in which admissions have been lowest being 
Sanskrit and Philosophy, both of which are of human- 
i>lic importance. Probably wlieii the ('oiiteinplated 
expansion in agriculture, industry and medicine takes 
place, the requirements of trained personnel will 
t>arallel in many respects the demands created by the 
war. It will require a great deal of forethought on 
the i)art of the authorities responsil)le for educatioti 
and de\'eIopinent to devise ])Ians for utilizing during 
the period of transitimi the large number of trained 
personnel who will be tlirowm out of emidoyment 
with the cessation of the war industries, and also to 
modify during this transition period the whole 
system of education to meet future re<iuirements. 
Otlierwise a great deal of unemphiymenl ami .social 
unrest may be eiigendereti. 

(h’L^anization ol hi^^hcr leaching in science anil 
Irainin^^ in research . — The credit for recognizing that 
not onlv conservation and <liffusi< scientific 

knowledge but also the advancement of science by 
research is the function of a university belongs to the 
Calcutta rniveisity and to tlie generous ilonors like 
Taraknath Palit and Rash])ehary Chose. These two 
ilonors during iix j-p; eiulovvcnl a number of research 
inofessorships in Phy.sics, Chemistry, .\i)plied Mathe- 
matics and botany, and a few years later further 
Chairs were founded in Ai)plied Physics and 
Chemistry, and in Agriculture. At the same time it 
was recognized that research scliolars should be 
associated with the Professors both for the purpose 
of training in resoa^vh and for the advanceinent of 
research. The emoluments of these .scholars were 
fixed at Rs. 75/- per month and w'ere awarded to 
]\l.Sc. graduates for periods up to a maximum of 
three years. ^lost of the scholars so trained in re- 
search had no further oi'portnnity of utilizing their 


Iraiiiiiig and had to content themselves by obtaining 
posts as lecturers in affiliated colleges. The standard 
of leaching in these colleges has improved as a 
result, but very few of these lecturers have either tlu; 
inclination or the opportunity to continue their re- 
search. vSome of the more fortunate scholars have 
been absorbed in industry or in Governnieiit scientific 
services. Need was felt for creating a limited nuinber 
of junior research fellowships tenable for two years 
to enable the more gifted of the scholars to continue 
their research and tpialify for Doctor’s degree. A 
small number of i)ost-doctorial senior research 
fellowships like the P. C. Ray Kcllowship in Cheini.s- 
try and J. C. Bose Fellowship in Biophysics have 
been created. In addition to these some of the indus* 
trial linns are giving grants rnid stijiemls for researcli 
in earmarked subjects. 

It has been felt for some time that additional 
junior and senior research fellowships should be 
created to enable a larger number of gifted research 
workers to continue their post doctorial training till 
they can l>e absorbed in the universities, (loverii 
meiil .scientific .services and indnslry. At present 
due to the unusual demand for trained scientilii' 
workers in war services and in industry, where llu- 
emoluments are on a much higher scale than Uiom 
existing in universities and research inslilutions, 
many of tlie re.search posts cannot be filled up. 
.'Similarly a large miml)er of sanctioned posts in 
(h)venimcnt scientific services especially in niediciik 
ami agriculUire are vacant for want of suihible candi 
dates. There is a great iieeil for slreiiglheniiig lla- 
biological depavtnieiils by creating additional posU 
and by increasing accoiiiodation and equipment. 
TJiat biological subjects have been neglected in com- 
parison with the physieo-cliemical subjects is aj)j)areii! 
from the following exaiiqile. In the Culcntla rnivn- 
sity there are four eiidow’ed chairs each, in Pin sics 
and Chemistry, pure and applied, wlule there an 
one e:\v'li in Botany and in Zoology ; there also 
a corres]/)nding discrepancy in the number of ic 
.search scliolarships awarded in these subjects. Noi 
imly should the num])er of posts in science suiijccls 
be increa.sed to meet tlic increased demand for science 
teaching and research but also tlic emohimcnls 
altachetl to these fiosts and the xaliie yf re.search 
slij lends slumld also be increased in order that n lao- 
liortion of the ablest minds of each generation may 
be attracted To such careers. 

' We have dealt in some detail with the i>rovision 
of research in the Calcutta University, as the lallcr 
has taken the lead in a.ssociating re.search Avith tcacli- 
iiig. The provision for science teaching and rescarcli 
is not uniform in other universities. In several very 
satisfactory progress has been made in making pi‘>- 
visions for leaching and research, in others the con- 
ditions are less sati.sfartory. We find for cxanqilc 
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lliat emoluiiicnls for research scliolarsliips and fellow- 
ships vary from Rs. 30/- iii>Nvarcls per monlli. vSir 
vS. S. idialnagar, in his recent presidential address t<» 
the Indian Science Congress is responsible for the 
following statement “1 have been told that in at least 
two universities in India, scientific research is j>osi- 
tively discouraged and (in the name of economy) 
admission to research students, insinte of willingness 
of the professors concerned, is almost comiilctcly pro- 
hibited.** There is definite need for the setting up of 
some minimum standard in teaching and research in 
scientific subjects, to which all Indian universities 
should be expected to confirm to. 

Co-ordination of University I’lducaiion. — In 

response to a growing need which has been felt for 
some lime for obtaining a large degree of co-onlina- 
lioii in matters of administration, and for securing 
some uniformity of academic standards, conditions of 
service, remuneration etc. amongst university 
teachers, the Inter University Board was start etl in 
on which the universities arc usually repre- 
sented by their Vice-Chancellors, 'fhe function of 
llie Hoard is jnirely advisory and it does not possess 
the authority whicli w'ould enable it to co-ordinate 
university development from the natifjiial rather than 
tlu. 1 provincial point of view, 'fhe drawbacks in the 
lunctioning of this Board according to I are that it 
j- not able to restrain unhealthy and uneconomic 
risalry betw’eeii the universities in regard to new 
ilevelopnienl, also to prevent the creation of new 
iiiii\'ersilies, the need for wlilc'h lia^ not been csta- 
Mislied, or to counteract provincial outlook which 
I'uts obstacle in the way of students seeking facilities 
for study which are not available in their own areas. 
Above all it is not invested with any power of the 
imrse*. 

/ nivejsily (', ranis Coniniittccs. — v^uggeslions 
haw been made in T that some authority like an 
Indian rniwrsity Urants Coniinittee shouUl be 
esUiblished by Statute, whose main function will be 
lo exercise a general supervision over the allocation 
of grants to universities from ])iiblic funds, with the 
ol>ject of ensuring that the universities are in a jxisi- 
lion t(» meet such ileinands as may be nnule upon 
ihein. To enable them to lilan ahead, iinaneial 
iissistaiicc should be in the form of block grants for 
ilelinite jieriods of years. It is not proposed that 
provincial (lovcnimeiits should cease to make grants 
direct to their local universities, unless they would 
in'efer lo do so through the Orants Committee. It is 
however suggested that wh.eii :i provincial (lovern- 
nienl de.sircs to make a grant to a university bn* any 
substantial new' development, thev would [»refcr to 
do so through ilie Coniinittee. All grants from the 
^‘ciitral (hjveniinent for new university development 
^^hould bo through this Committee. Amongst other 
powers to l)c given to the University ('rani Coin- 


niittee, the following have been suege.'ited : (0 t(i 

itj-nrdiiiate university activities with a view to avoid 
(iverlaj)ping and to adjust as far as possible the t)Ut- 
l»ul of the universities to the economic needs of the 
country, (//) to prevent undesirable esnnpetition 
between the universities and t<.) remove inler- 
provincial barriers, (///) to visit universities i>eriudi- 
cally, lo ascertain their needs at first hand. 

At present two leading inenibers of the British 
University Urants Committee are touring this coun- 
try, and are explaining to the university authorities 
tile role of their Committee in. the United Kingdom. 
We have not been informed Iniw’ this Indian Com- 
mittee is i)roi)osed lo be constituted ; according to 
I it is suggested that the Coininittee shonhl consist 
of a few eminent 1 persons not directly connected with 
any ( '.overnineiit, Central or Provincial, or with any 
particular university, though for obvious reasons they 
should have considerable experience of university 
administration. The relation between the prr»posed 
(jrants Committee and the Inler-universily Board 
has not been claiilied. Discussing a recent proposal 
for the establishment of a University Advisory 
Coniu il for the Unileil Kingdom (see previous issue), 
the \’iee-Chancellor of the Kondon University, 
Dr Frank Horton has expressed the view' “the 
rniversity ('.rants Committee has recently been re- 
constituted and enlarged. It has always been able 
to coinniaiid siicli additional expert advice as it has 
needed from any academic or ('.oxernnient source. 
It is in ccnislanl t >ncli with the Connuiltee of Vice- 
ChaiieeBov and Priiieii>als (conesponding to the 
Indian Inter University Board), which already fulfils 
some of the funetions set forth above (i.c., of a 
rniversitv Advisory Council)*’ Dr Ilorlon evidently 
is not ill favour of the csUiblislimeiU of the jwoposed 
Council, as in his oi)inif)n the same functions can 
be enicieiilly diseharged by his ConimiUee. Wq hope 
a similar view of the function of the Inter Univer- 
sity Board vis a vis the ('rants Committee will not 
be taken by the Central ( '.oveniinent. The \^ice- 
Chancellors are mostly men with non-science degree^ 
(ill loi’ out of the lo university representatives only 
one had a science degree), and as such arc ill 
c(iuippcd l«) speak with authority on the reipiire- 
mciits of the science dei»arlmeiits of their respective 
universities, 'fo meet our Indian cemdilions it will 
be necessary to establish some University Advisory 
Council, in which the science departments should 
lind adequate rctn'esentatiou (see p. :t(>i previous 
article) . 

Recently too much stress has been laid on the 
desirability of vesting some authority like the Univer- 
sity ('rants Committee to co-ordinate university 
development with a view to avoid over-lapping and 
tf) prevent undue competition between the univer- 
sities. h'xcept in the United Provinces with its five 
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univcrMties, iitj other province in Iiulia can be said 
to possess its retinired number of universities, anil 
lliese provinces can with advantage start a tew more 
and ]>etter e(iuii)pcd universities. As a measure of 
co-ordination, the Indian universities may be divided 
into four regional grou])s ; between tlie universities 
belonging to each group, a considerable measure of 
co-operation and coorditiatioii may be encouraged 
especially for purpose of i)Ost-graduate teaching and 
i\ search. Need has been fell for some time for the 
creation of such a ('.rant Committee for ensuring 
some desirable standard of teaching in science and 
training in research. Results of periodic inspection 
of existing universities instituted by the (bants Com- 
mittee may be expected to focus public attention to 
inade(iuacies of teaching, of standards of examina- 
tions, and (jf facilities for research, from which any 
particular university may suffer, and this may ensure 
remedial measures being taken by both the Central 
and the Local CoveTiimcnt in tlie shai)e of iiicrease<l 
grant when such is indicated and by withholding of 
grants when considered necessary to induce the parti- 
cular university to introduce necessary reforms. One 
of the important function of the O rants Committee 
will l)e to lay down the conditions, financial and other- 
wise which must be satisfied by the local authorities 
before permission is accorded by the Central Govern- 
ment for the starting of a new university. The 
Committee will take into consideration the financial 
ability of the local authorities and recommend in 
whal proportion the local grant to the ilnivcrsity will 
be supplemented by the Central Government. There 
will alsf) be other sources from which funds may be 
exi»ected by universities for eciuipmeiit and for main- 
tenance of research personnel c.g., from the Research 
Grant Committee and Research vStudeiitsliip Com- 
mittee of the Central Organization for >Scienlific 
Research, if tlie .suggestion of A. V. Hill materializes. 
Grants for applied researches may l)e obtained from 
FH‘deral Councils for Agricultural, Industrial and 
Medical Research. W’c may expect some indications 
from the Industrial Research rianuing Committee of 
the conditions under which research on behalf of 
industrial films, whose results cannot be freely pub- 
lished, should be undertaken. 

rniversity in rclaliou lo l^rolissional and hclino- 
logical training . — Having considered in .some detail 
the problem of science teaching and training in re- 
search ill the universities, wc shall discuss briefly the 
existing relation between universities and the institu- 
tions resiionsible for advanced teaching and research 
in applied subjects like medicine, technology and 
agriculture. 

Medical F.du 'ation . — It is unfortunaie that the 
Health Survey and Developineiii Committee presided 
over by Sir Joseph Bho’-e have not yet published their 
recommendations. This Committee have been asked 


to make a liroad survey of tlie )>resent position in re- 
gard to health conditions and health organization^ 
ill British India and to make reeommeiidations for 
future development. Advisory Committees hayc been 
appointed to consider ipicstions relating to public 
health, medical relief, medical education, industrial 
health and re.search. We understand that the proce- 
dure followed by the Committee was to draw up 
tentative .schemes based upon their oliservations and 
then to submit them lo a group of foreign experts 
for tlieir criticisms and suggestions ; the final re- 
coin mend at ions of the Committee will be based uiiou 
modifications of their tentative i>roposals in light of 
exi>eit criticism. We slioiild like lo see similar ino- 
eediire being followed when the Central Govern- 
nienl find it desirable lo import foreign experts for 
eiKjuiry and reeoinmendations. In the al^sence of any 
report from tlie Bhore* Committee, wc shall content 
ourselves with giving a summary of the observa 
lions and recommendations of A. V. Hill i>iib]i.she(i 
in his recent reiiorl (V'). 

The standard of teaching in pre-cliiiical sciences, 
like Anatomy, Physiology (including biochemist i\ 
and biophysics), Pharmacology, normal P.sychology, 
in medical colleges in India is according to Hill 
unduly low. Routine teaching is carried on to m 
moderate standard, limited by staff, space and eijiiip 
ineiit, and there is little significant research. Both 
leaching and research is very much neglected in 
Physiology and Anatomy, due to the habit of running 
these departments on the cheap, mainly with the hel]) 
of busy medical practitioners wdio are employed on a 
part-time basis. No real imj)rovement can take jdaeu 
until most of the members of the pre-elinicnl depart- 
ments hold full time appointments, rea.sonalfly wl-H 
paid, in w hich researcli as well as teaching are regard 
ed as normal duty. The pre-clinical sciences are lIs. 
basis of the scientific study of medicine, and if tin.}- 
arc weak, it will inevitably fidlow’ and it followed 
ill India that clinical research and the standard of 
higher medical thought and education will be in a 
bad way. ( )ne of the steps necessary for imjn'oW' 
mciit of medical education is the imi)rovement ot 
salaries status and conditions of cmploynicnl of llu 
junior staff. 

In Great Britain and the United Slates many o! 
the nio.st important contributions to phy.siology have 
come in from other .subjects — physics, chemistry and 
zoology. In India little encouragement has been 
given to such peoples, chiefly due to lack of funds 
necessary to provide full time appointments for them. 
As a result, physiology has not developed as an in- 
dependent science, but has remained purely an 
adjunct to medical education. Hill suggests that a 
necessary step in the development of scientific 
medicine in India will be to start one first clas'^ 
department of physiology, at vvhich teachers and re 
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search workers of ii new staiulurd and a new out- 
look will be reared and then sent out through the 
whole of India. The previous criticism applies 
Cviually to most other subjects like anatomy and 
])liarmacolof?:y and there is little provision for psycho- 
l()oy. Hiocliemistry is better off because it has 
(lcvcloi)ed a cerain independence, and has conneclion 
with nutrition, agriculture and industry. Hio- 
chcniistry should be in close touch with physiolagx', 
j)at]i(dogy and medicine. 

Clinical Sciences . — Similar criticisms have been 
directed to the ill-e(iuippcd understaffed departments 
ol l\'ithology and bacteriology, most of whose 
iiiembe'vs arc mainly emidf)yed in earning their living 
ill other ways than by teaching and research. An 
estimate is given, from the (ioodenongh Committee’s 
report on Medical r^ducation in Creat llritain, of llu? 
htaff’ reciuircd for the divisir)n of Pathology in a 
university medical centre, to illustrate how much the 
iiiidical edueation in this country falls below the 
standard considered desirable in other countries. 
I'!\en if funds were available for such increase of staff, 
^ufflcient number of iieople of the right calibre and 
.•\perienee are not available here. It will be neces- 
s i\ ((7) to send able post-graduate students for train 
ill'..', abroad, and (/)) to establish centres of higher 
irachiiig and research in clinical sciences. There are 
plenty of keen able young iieople who given the 
training and the opportunity, and rcasoiialile salary 
.111(1 status and prospects for the future, would be 
•;lad to devote their lives for the advancement of 
i: (.dicine by leaching and research. There are very 
ii-w full time teaehers and research workers in clini- 
cal Mil\iects and there are no full lime medical, surgi- 
(.il or g\'naecological units. It is ingieralivc that full 
imu. clinical units should be started in Indian 
^ a] Colleges in all these subjects, as soon as leaclKTs 
and research works of a high standard are avail- 
able ; and the full lime professional heads of these 
niiit^ should control the use of these hospitals and 
laboratories for all purposes of education and 
lesearch. 

Hill suggests that a great -All-India Medical 
bLiitre should be established, an Indian *Jo\\\\ 
Ho])kiiis’ staffed in all departments by tlie ablest 
l'eo])le available any where, employed full time and 
ade(iuately paid, with the intention of i)rodiicing 
tile future leaders of Indian medicine and public 
liealth teachers and research workers. Hn no other 
•subject than in medicine is it so necessary that educa- 
tion shouldJ)e given a research atmosphere. Kach 
patient presents a problem, each diagnosis is a theory, 
each treatment an exi)erinient, often an expensive 
and i)ainfnl one ; it seems almost a crime that the 
I'^^'idts of nearly all these costly experiments go nn- 
i^f’ordcd. In the right research atmosphere this would 
^lot be so, but in an ordinary general hospital, with 


a large part time .staff and no provisicjii, t .g., by an 
almoner’s department, for ‘follow up’, it literally 
is. How' can medical education produce a scientific 
attitude of mind in such circumstances? In fact it 
very seldom does.’ 

Medical Research . — In India by a long tradition 
medical research has been done in the main at 
special iiistitiite.s, of which eight have been men- 
tioned in Hill’s report, usually quite unconnected with 
the inalical colleges and the universities. The 
research department of the Indian Medical Service 
has been mainly responsible for this work, some of 
whieh have been very distinguished particularly in 
tropical medicine, ff'hcre is an obvious advantage in 
placing talented research workers in a situation when 
they need not be nndiily burdened by leach in,g and 
routine ; conversely however there is a disadvantage 
in isolating medical education and the clinical work 
of teaching hospitals from all contact with re.-^earcli. 
Moreover it is a serious loss to many re.searcli workers 
to remove them from the .stiiimliis of young 
eiKiuiring mind, and from the general scientific C(»n- 
tact of a univ’crsily. The process of setting up 
separate institutes in India for medical research has 
probably gone far enough ; some advantage would 
now result from bringing existing research iiistitute.s 
wherever practicable in closer (‘oiitacl with medical 
colleges and liigher medical education. In setting up 
new institutes for medical research in India or in 
promoting new scheme of research units, the advan- 
tage of associating them with ap[)ropriate medical 
colleges and luxsiiitals should be kept in mind. 'I'lie 
criticisms and suggestions contained in Hill’s reiort 
on medical education and researeli will, we In^pe, 
receive careful attention from the Bhoiv Committee. 
Improvement in them will reiinire not only great ly 
increased grants from Central and Provincial C.nv- 
crnmenls, but also a change in outlook of the 
medical profession and of their leaders, a.s well a^ 
of the politicians who control policy. There ha^ 
been in>ti('eable ( 1 (.*terinnition in the standard of 
medical treatment available in hospitals attached t(j 
medical colleges and of others in control of the 
('overnmenl in this province. In addition there is 
considerable room for improvement in the standards 
of teaching in medical colleges and of research in 
medical research institutions. Paraphrasing a remark 
of A. \'. Hill wc may .stress that the best i>ossible 
staff and students available should be attached to 
medical colleges regardless of other condilions- 
tinancial, religious, social, i)rovincial and so on. If 
any reasons arc accepted for recruitment of staff and 
student other than ability and character, all i)ro- 
jected improvement in medical education and research 
is bound to fail. 

A^^riculturat FAiucatiou and Research.-- Ju most 
provinces the agricultural colleges arc affiliated 



412 


SCllvNCfi AND CULTURE 


Vol, X, No. 10 


llicir local iiiiiversilics. Hut so far tlieic lias been 
no uuifonnily of practiec as to the (|uali(icatioii of 
the candidates considered neiessary for admission to 
these colleges, and the jieriod of training in them. 
At present, for admission to the Institute of Agri- 
culture in Ihicca, a H.vSe. degree with biological 
subjects is considered necessars', and the course 
extends over two years. In the other provinces four 
years po.st-Inlerinediatc training is the rule. In 
order to meet the ])reseiit acute shortage of staff 
reciuired for agricultiirc it is suggested (IV') that 
I'ourses should be recast to jnoxide intensive tei'hnical 
liaifiiiig ill a much slnater period than is ccmsitlert.-d 
desirable during normal times. It is also suggested 
that in certain cases a po.st H.Si*. course of two years 
may also be instituted. The pro\'incial orgaiii/atimi 
for head «|naiteis researcli and experimental stations 
are usually attached to the local agricultural college. 
It has been suggested that the universities should be 
encouraged and helped to establish course for agricul- 
tural training. No suggestion is forthcoming as to 
the types of agricultural training which will be 
available in the universities and in the proxincial 
colleges ; whether they will be similar or different. 
It may be desirable to organi/.e the university courses 
for purpose of imparting a research bias in agricul- 
tural subjects, while the colleges will train candidates 
for development and extension work. 

There is no pro])osal for establishing an All-India 
College of .Agriculture, but a grcrjil deal of attention 
has been directed to the provision (»f facilities for 
research and development. The Imperial Council for 
Research in Agrieculture and Animal Husbandry with 
its associated Research Institutes have been estab- 
lished for furthering research and development. 

We suggest that there should lie an All-Tndia 
Council for supervision of agjicultural education, for 
ensuring uniformity in .syllabuses of the provincial 
colleges and for jieriodic inspection of these colleges, 
to ensure that some minininm standard of staff 
(lualilication, eiiuipmeiit, etc., is observed. At the 
same time it is desirable to establish some central 
authority in agriculture, to ensure that the provincial 
agricultural departments confirm to some minimum 
standard of administrative efficiency. Enquiries 
instituted after the recent disastrous famine in Bengal 
have revealed how inefficient and hackwanl in the 
application of science to Agroiioni>' the existing 
deiiartmcnt of agriculture is. We would like to he 
informed of the contents of the report and of tlie 
recoin nieiidalions of Mr L. K. I{lmhirst, the well- 
know’n authority on agriculture and rural reconstruc- 
tion, who was hrmight over as a special agricultural 
officer in Bengal, and what portion of it tlie (lovern- 
meiil of Bengal an- prepared to accept. 

Tcclnwhiiical education and lesearcJi. -Alost of 
the Indian universities have engineering faculties to 


which the local engineering' college is attached ; 
some of the universities have in addition faculties for 
technology and in others there are post-graduate 
courses in applied sciences. It is suggested in IV 
that in addition to the university courses in engineer- 
ing and technology, a certain number of senior 
4'echnical Institutions of the Polytechnic type, should 
l)e started. 'Phese institutions should be started and 
niaintainetl by the Central Government, and 
administered hy an Advisory National Council for 
Technical lulncatioii, in which both the Central ami 
Ih'ovincial Govermneiils ami «)ther interested bodie.s 
will he represented. C'i)rrespomling to the uuiversit\ 
degree course there will he a full lime three years 
National Hiploma course and a further Iwc/ >'ears 
Advanced National Diploma course corresi)omling In 
Iwo \e;ns nnixersity ik)s 1 graduate course. Tlie 
broad distinction ])etween tlie respective fields ami 
fuiiclions of the university engineering college am! 
the eiigineeiiug dei>arlment of the technical colleges, 
is according to Wb b'. Pishcr (as (|uoted in IV) one 
of the purpose and outlook, and is irresi)ective of 
diflereiices of slatus or recognition. The task of the 
university is to train selcetct! men in such a way that 
they may sul>.se(iueullv adapt themselves to the needs 
of whatever professional posts they imiy secure, while 
the role of the technical college is to train men ht 
direct relation to the particular place in indiisiiN 
which they hope to till. In all ca.ses the technic.il 
college should offer its students courses ai>j»roprialL 
to their needs, the highest courses lieing provided 
under schemes of regional co-oiieratioii if iiecessaiv, 
Recently a Committee under the cliairman.ship ol 
All* N. R. Sarker has been appointed who will rei»oil 
on the constitution, training and research to 1>e 
undertaken in federal polytcchnical institutes. 

The present sVvstem of training for Indian 
univensity degree course in engiiieeriiig suffer ac 
cording to Mr Preston (IV) from certain drawl)a(‘k.>. 
The Indian courses have to a large extent been 
modelled on the lines of those in Phiglaiid. P!ven in 
regard to syllabus contents they, in many cases, 
represent the highest common factor of the ciinivalent 
syllabuses of English universities. But whereas in 
tuiglaud there is a reasonably close co-ordination 
between universities and industry, whereby industry 
provides a systematic but hy no means perfect 
practical training which is coiniilcmcntarv to Ihe 
theoretical iii.struction at the university, llic .same 
is not the case in India. 

This author has also ])eeii struck by the dearlli 
of engineering graduates rif Indian universities who 
have obtained degrees of liighcr than ordinarv 
“bachelor** rank. Rarely^ does one come across tm 
engineering graduate who has obtained an ‘honoin*^ 
bachelor*, ‘master* or ‘doctor’s* degree in enginccriii!- 
from an Indian university. vSurely it is to tin 
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universities that we iniist look for the best of our 
research workers, ami the ‘master* and ‘doctor* decree 
in engineering are usually conferred for work in 
research held. Obviously engineering faculties ire 
iiol playing their proper part in engineering researt li, 
either because facilities arc not i»rovided. or 
graduate students do not remain to undertake 
research work, or both. 

Research in engineering subjects except in 
hydraulic a])j)ears to be lacking in this country. It 
is cxiiected that oi)j)ortunity for research in engineer- 
ing subjects will be provided in the new technical 
institute and in the engineering secli(»ns of the 
proposed National Physical I iil:)oratnry. 

The following extract from Hill’s report {\’) t>n 
engineering research will be found interesting. 
*.\inong scieiititic and technical people in the United 
Kingdom the opinion is widely lield lliat Ihitain has 
lagged behind in the luovision of facilities for higher 
education and research in technical subjects. There 
is no institute as yet in the United Kingdom coin- 
paral)le in magnitude, in the ((tiality of etiuiiunent, 
and in the exivllence of teaching and research work, 
with the M.I.T., Cambridge, U.v^.A., or indeed with 
sexeral similar institutions in the U.S.A....This being 
the view held in England, where after all the con- 
ditions are not so bad, how much more can we 


recogni/e the importance of one or two such institute*’ 
or colleges of very high standard iu India ? I'lie 
future of Indian industrial and agiicultuial develop 
meiit must depend on the su]>i)ly of lirst clas^ 
technical brains trained in an atmosphere both of 
original research and of i)ractical experieiu'e*. 

besides these technical colleges and miiversit\ 
courses in engineering and technology, certain 
universities offer a two years M.vSe. course in ai)plied 
sciences. Some enquiry should be instituted to find 
out how these M.Sc. graduates are being absorbed 
ill industrx , the particular aptitude w hich is de\'e 
loped by such training, and what niodilicaliou ni'i\ 
be desirable for inqiroving the m-efulness of these 
graduates to industry and to applied roeaicli. 

\\V have in this issue given an .acconiil of llu- 
facilities available in the country, in the universities 
and institutions f>f universitv standing for advaiiceil 
teaching and training in metlnxls of research in pure 
and apjdied sciences. Attention has been directed to 
criticisms of existing defe is and to suggestions which 
have been made of cfTecling imjH'o\ cmeiits. No 
scheme for the application of scieiux* to national wel- 
fare will be successful unless comideration is given to 
these fundamental problems and serious efforts are 
made to effect necessary improvement. 


CONSERVATION OF METAL RESOURCES AND THE FUTURE 
OF GLASS INDUSTRY WITH SPECIAL REFERENCE 
TO POST-WAR PLANNING IN INDIA'' 

.\TM.\ R.MM, 

rr.NTKXr <.I. \.SS it C^K^M|C KI SKAKvII INSMiCI i 


con.NCii. OK sciicMiKic \.Nn i 

^J^lIIi eetinoniic depression from which the world at 
large suffered after the last (Ireat War is still 
fresh in our memory. To prevent its recurrence after 
tliis war all the countries are now preoccupied in 
planning their industrial production on strictly 
scientific lines. It is now recognized that unless 
plans for the proper development and cu-ordiiiation 
of the industrial output are made well in advance, 
tile entire world will have to face the vagaries of an 
ecYuiomic depression far greater than the previous 
one. 

’"Paper read before the Scjciety of (ihis; Teelinolugy 
Great Ilritain (Ch^erseas Section) on 2-2-4.'^ at Calcutta. 


M)r:-»TKi v. kim vkcn, oi i.i 

India too has not lagged behind in these acti- 
vities, and both the Uoverntnenl and the public arc 
seriously considering future plans for the welfare of 
the coiiiitry in different spheres, such as agricuUiire, 
itiduslrial development, transport, housing, ptiblie 
health, eduealion etc. The comprehensive bomba v 
Plan which has l/cen drawn tip by a groti]) of pro- 
gressive industrialists has attracted considerable atten- 
tion both in this country and outside. Planning for 
the welfare of the population of a vast country can 
be succi.-ssful only if all the aspects of the plan and 
their mutual lelationship, both material and human, 
are carefully examined in relation to tlic resources of 
the cniuilrv. In the case of industrial planning, one 
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has to consider the relationship and influence of one 
industry on anollier, and it is only when these are 
taken into consideration that a full plan of industriali- 
zation of the country can be evolved. The dyestuff 
industry may be taken as an illustration ; it is the 
textile industry which is most dependent on the 
dyestulT liiduslry which in Liini is dependent on tlu* 
textile industry for its market ; its development is 
depciidenl on the coal tar, chemical eiigineerini’ and 
lieavy chemical indii.strics. Kqually important for 
industrial plamiin.q: is the consideration of resources. 
In fact, icsourci should taki Incccdcncc 

over I hr lorunr. 

RltSOURCKS 

Broadly speakin.u: material resources can be 
divided into two .eroui)S : 

(1) Replaceable, such as forest and a.u:ricuitural 
products, live stock, etc., i.c. those which 
can be renewed. 

(:*) Irreplaceable, such as minerals, coal, mineral 
oils, etc. which arc limited, exhaustible and 
cannot be renewed. 

The problem of conservation resolves itself into 
a consideration of the means by which they can be 
protected from wasteful cxidoitation. Tt is natural 
tliat the coii.servntion of irreplaceable resources 
which are so fundamental to the development of 
industries should have eURaftcd the attention of 
almost all the industrially advanced countries. 
Ill fact, if one ij:ocs deep many of the present day 
rivalries can be traced to the possession of irreplace- 
able resources. They can he compared to a limited 
capital in the sense that unchecked expenditure re- 
sults in its depletion. The guidin.c: principles in the 
conservation of irreplaceable resources like coal, oil, 
minerals etc. should be effiricnf production and wise 
spending. There can be only two reasonable methr>ds 
of conserving these resources. 

(t) An efficient and sparing use of the materials 
so that they laii last for the inaxinuim 
period possible. 

(2) Substitution by other materials which can 
be produced from easily replaceable and rc- 
pleiiishablc resources. 

In most of the countries, the above two measures 
arc now being vigorously adopted as policie.s of 
national welfare, b'ven a country like the Tb S. A. 
which possesses about half the total coal resources of 
the world is planning for the conservation of this key 
material. Other countiie-. which have limile<l re- 
sources of curtain essential materials are pursuing the 
polic>' of conserving them ]>y em])lo>'ing substitutes. 
In this connection, the h»bc.wing general disc ussion 


which took place at the Third World Power Con- 
ference, ‘ Washington, is note-worthy. 

“The principles nf resource planning are : 

(1) to hold .soil, water, forest and grass at par, and 
(2) economize in the ii.se of the irreplaceable minerals by 
way of every possible means. Nature lays douai terms; we 
must obey or suiter. We can come, to fenns with Nature in 
regard to the sidf renewing resources bv using them as 
fast as they are replaced. In regard to^ non-replaceablt: 
minerals, we can come to terms only by finding new am] 
abundant subsiilutes faster tban we use up llie older 
malerinls -Technology races with waste. 

Modern technology ha.s given h> ihe civilized man the 
power to support a greatly increased population by draw- 
ing more lapidly upon the material resources of the earth. 
Bor a century man has expanded his activity with little 
thought of the outcome. We. i*aniH)t expand our destruc 
lion of forests and soil, coal and petroleum without limil. 
Tiiless we mend our ways .ami stop livin.g on our eapiial 
we shall merely press again.st the limits of .subsistence. 
We are threatened with a crisis in which essential mate- 
rials will be exhausted and the pt/pulati<»ii will have to be 
tlrasticnllv reduced by war or siarvnlioii. Nature sets the 
terms; wc must obey or suffer.” 

MHTAhl.Ukt'.ICAI. Uesourcks anp Thkik 

C()NSKkVATK>N 

The metal resources come iiiuler irreplaceable 
a.ssets. Iwents of the present war with mimcroiis 
weapons of enormous destructive power have in 
volved the use of collo.sal amounts of metals. A 
major ]>art of tlie metals has already l)een destroyed, 
and the assessment of the.se losses may well lax 
many a mathematician. When the hostilities cease, 
every country, rich or ])oor with regard to these 
resources, will find very discouraging estiniales nf 
the residual resources. The losses of key non-ferrous 
metals like copper, zinc, tin, lead, etc. have been 
pro])ortionatcly large. After the war, one may not be 
siirprksed to find some of these nearing exhaustion. 
Tlicsc metals are re<iuired in the production of 
numerous alloys, like brass, gun metal, white metal, 
etc. employed not only for the fabrication of utility 
articles for domestic consumption but also in the 
manufacture of s])ecial sleeks and of machinery nn<l 
agricultural implements. .After the cessation ol 
hostilities every country will have to orgaiii/.e hei 
industries, and it is natural that these resources will 
assume still greater importance. The Allant it* 
Charter whose application to every country in 
the world is being advocated should make provision 
for the conservation of irreplaceable and indis- 
pensable resources. Tn India, the resources of 
non-ferrous metals are estimated to be not vctn 
large. Even if they be considerable, the ambi- 
tious industrial developments contemplated in the 
Bombay Plan will entail large consumption of metals 
in the fabrication of machinery and implements. 
Aforcover, for power generation and transport indus- 
tries, India will require a very large amount of tlu 

* Report, Third World Power Conference, 9, 383, 1936. 
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iiitHals in ihe form of transmission wires, electrical 
niacliinerv, special ]>arts of machinery, etc. 'J'herc- 
forc, it is necessary that in any scheme of iiidnslrial 
planning the (luestion of conservation of these re- 
sources should be critically studied from all luniits f)f 
view. 

Without curtailing the requirements of the po] di- 
lation, effective conservation can be attained only 
when proper substitutes for the metals can be found, 
the irreplaceable resources being reserved for essen- 
tial requirements. By a curious thinking a .substitute 
has come to be regarded as something inferior to the 
material it replaces. It need not necessarily be so ; 
it can be inferior, equal or superior. W'hat are the 
possible alternatives to metals where the special 
property of the metal is not necessary ? The possible 
sn])stitutes that strike one’s imagination and whose 
resrmrees may be considered aliiKJSl inexhaustible are 
.L;lass, porcelain, plastics and hardened wood. 

The bulk raw materials for the production of 
glass and i)orcelain are sands, sandstones, (luarlz, 
klspars, limestones, clays and soda ash. With the 
jjussible exception of soda ash, the other materials 
existing on the earth’s crust are recogiii/ed to be 
inexhaustible. Soda ash, an important constituent of 
glass ])atch, is prepared from common salt which is 
also abundant. With regard to plastics, the raw 
ijKitcrials einidoyed so far arc derived both from the 
iiiiiieral and plant products, such as from coal and 
coaltar industries, the i>etroleuiii refining and crack- 
ing industries, cellulose and other plant exudations 
and constituents. The rapid development of the 
plastics industry followed the discovery of synthetic 
U’^ins hv iiaekeland. Recently plant resiiis sucli as 
•liellac and bliilawaii resin, cellulose materials like 
l»agasse, etc. are finding increasing application in the 
]»lastics indusiry, but the recent trends are that for 
soiiie time to come, the plastics industry will utili/.e 
syullietic materials to an even greater extent. These 
synthetic plastics, it .should l^e reinembeied, depend 
'>u irre|)laceable raw materials, 'fhere is yet no 
l‘listic industry worth considering in India. The 
‘Ii velopmeiit of the synthetic i)lastic industry is very 
niliniately connected with the development of cual- 
J 11, petroleum and heavy chemicals industries wdiicli 
have not so far been developed in this country. In 
view of the variety of resins obtainable from indi- 
genous plants, there is a great scope for developing 
the plastics industry from plant resins. In some of 
the industrially advanced countries, i)ossibiIity of 
competition between the plastics industry on the one 
hand and the glaSvS and porcelain industries on the 
•>iher is being seriously examined. It is probable that, 
whereas plastics may sub.stitute the use of glass to 
^orne extent, they are not likely to be serious com- 
I'elitors to glass ; in fact, they may .serve as com- 
plementary materials. In view of its non-iiillaimna- 


bilily, non-corrosivc character and possibly low cf)st 
of ijroduction, glass will continue to dominte the 
field, esi)ecially after the invention of ttnigheiied 
glass which has considerably reduced its fragility. 
In fact, glass and plastics have become so inter- 
related that synthetic jdastics, si)ecially those of the 
transparent variety, arc called organic glasses and 
glasses are .sometime referred to as inorganic plastics. 
It would be unwise to miniini/e the importance of 
jikistics ; we are living in an age of pla.stics. But 
this does not preclude consideration of the poten- 
tialities of the glass indusliy and the idle it is 
destined 1 «) play in post-wgir developments. 

(*1.A.S.S .\M> BORCiaAIN KKY 1 NDU.STK IKS 

One of the greatest events in the entire history 
of glass brought about by the events of the last 
(*reat War was its transformation from an article of 
artistic taste to that of wide and strategic use. 
liuring this period, having been the principal mate- 
rial for the construction of indispensable inslnimenls 
of warfare, such as Held biiKAriilars, army and navy 
telescopes, periscopes, range iiudeis etc., glass 
assumed the importance of a strategic material. The 
(Ireat W ar made clear the importance of the glass 
industry to the well-being of a nation, and in the 
post (ireivt W'ar period, the industry witnessed un- 
paralled devcloi)ments in the I'. S. A. and tlio U. K. 
Few mat dials have found such an extensive use, and 
even a l)are descri[>tioii of its uses will cover many 
papers. 

To the scientist, whether a botanist, a geologist, 
a phyMcist, a cliemist, a pathologist, an engineer, or 
a .surgeon, glass is inclispeiisable for the siii)ply of a 
wide range of instruments and apparatus. W^ilhoiU 
glass nuKicni science which has coiUribuletl so much 
to human welfare and has placed ciioriiious resources 
at man’s disposal, would have made little progress, 
for indcedi glass is one '»f the Irinmvirate the other 
Iwv) being steel and rubber— largely res])oiTsil>le for 
the progress of scieiiee and technology. There is 
hardly any iiislrnmciit which does not require glass 
in some form or the other. It may be .staled with- 
out any fear of contradiction that there is hardly 
any other single substance which has contributed so 
nineh to man’s knowledge of the universe. It has 
extended human vision from the macroscopic to the 
microscopic. But for glass which has provided the 
w'onderfiil iiistruiiicnt microscope, many of the pre- 
.senl clay sciences and iiiclu.s tries would have made 
little progress. 

I'K NOimTY OF (iI. VvSvS P.\RTI \LKY ( IVRRCOMK 

In the almost unliniited field of its utility four 
characteristic properties of glass have come into play 
optical characteristics, resistance to action of corro- 
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sivu materials, Jiori-coiiibiistibility aiul insulating pro* 
[>erlit\s. Jl is utiafTa-ted by food inalurials and this 
Iiad led to its wide use in llie household. Its extreme 
fragility had, however, stood in the way of its more 
extensive use. The recent invention of toughened 
glass, a material possessing high tensile strength*’’' 
(still not ai)proadiing the metals), has changed the 
]>osition and has extended its field of utility. Glass 
now ])ids fair to be a useful adjunct of metals in pro- 
viding a really t<mgh siil)Stiliite in every held where 
tile use of metal was necessitated luA because of any 
sj)ecilic i»roperty oi the metal but ])ecaiise of its 
Uaighness iuid rigidity. In fact, this invention ranks 
as niie of the liiDsl leiiiarkable iinenlioiis in the 
history of glass teclinohvgy and has led to its use in 
hitherto miconeeived lields. 'riins, it has been success- 
fully ciuployed in fabricating articles of furniture, 
high-duty inachiiKiy, centrifugal [iUinps, flange 

pil)es, valves, etc. In tile T. S. A. all glass chemical 
plants :iiid glass-lined plants lui\e Ikch installed for 
processes involving the use of corrosive materials. 
While I lie events of the Iasi (heat War demonstrated 
tile value of glass as a material of strategic iiiii»ortance, 
the present war has estaldished its utility as an imjior- 
taiil substitute of metals for a variety of aitieles. After 
the declaration of hostilities, there was a great drive 
ill the V. S. A. to conserve the essential war metals. 
Glass came to the rescue in several ways. For in- 
stance, for articles used for domestic puri)o.ses such 
as diniierwaiv, packing containers etc, and although 
toiighene^xl gla.ss articles may not ha\’e reached a slate 
of perfection to match with the slrciiglli of metal 
articles, they have become suflicicntly strong to 
withstand rough use. The Army on tlie field where 
these articles are init to rough use has found in it a 
material of great i>ronuse. 'flie (Juarter Master 
General, 1*. vS. A. Aiinv, has found toughenexl 
glass tliiiiierware very seiviceable under field condi- 
tions ;md a substantial ainoiml of metals required 
for these articles has been saved. 

S»MK Post-W'ar 'rKi:.M).s 

In view of the several advantages which glass 
Ijossesscs ov er metals, such as imiiumity to attack by 
foodstiilTs, cleanliness, traiisiiareiicy and attractive 
appearance, glass will be preferred to metal for 
domestic recjuirements, such as cooking utensils, 
dinnerware, containers etc. After the war, food pre- 
servation industries w kich^will be called upon to hear 
the brunt of feeding a large po])ulation are exiiected 
to undergo a wide expansion, and glass containers 
lieitig now comparatively less fragile will find j large 
demand, incidentally hel]»ing the conse»‘vation of 
metals. 

• Tniagiiie a sheet of glass 24'" x 6” x yf", .^^iipported at 
its two ends, supporting the weight of Bessie, the famous 
(weighing 400 lbs.) American actress without l>reaking. 


Aiiotlier important field in which tlie use of glass 
has been surprisingly successful is in making guages 
for the use of factory inspectors. This is, in fact, an 
unprcdicted development. They were being made 
fiom tough tool steel. The substitution became 
l>ossible by the organized efforts of the Ordnance 
Deijartmeiit of the U. S. Army. The glass guages 
are considered by the (Ordnance Officers equal to, if 
not belter than, the steel guages. The following re* 
marks of Col. H. H. Ilambleton, Chief, Guage Divi* 
sion, Chief of Ordnance, Ih S. A. are of interests 

“While still more or less in the experimental stage, 
six months use iit the h'rankford Arsenal and elsewhere 
has proved glass guages to be the equal of, if not superiiJi 
lo, steel guages. In fact, so efficient are glass guages 
tliat they are fully expected to become a perniaiiviit lixtuiv 
in the industrial worhl after the war. 

“hirst, glass guages, with their fragility eharacteri sties, 
would seem to he an anomaly which dissolves when one 
review’s some of the charactu'i sties inherent in glass”. 

In post-war developments, in view of the raijidly 
depleted coal and oil resources, the world will have to 
look more and more to electric power. In tact, ewii 
during the war, there is already a movement to 
jirepared harness hydro-electric resources. If tlu- 
transmission of electricity at hi.gli voltage and tivn 
tlioiisaiids of miles has been possible thr«>ugh elfieienl 
metallic conductors, tlie ])art played by the insulator- 
in this transmission and supply is no less fundameiital. 
Insulators arc mostly made from glass, porcelain aiul 
plastics. Due to tlieir excelleiil heat resisting ami 
lieat shock absorbing (lualities, glass and ])orcel:iiii 
will dominate the field, and between these Iwt) 
has many iinhiue advantages. With the expansion 
in the generation, long-range transmission and n^c 
of electricity, glass which has already established ih 
supremacy will be called upon to play a very im 
ixu'lanl r(Me not only as insulator for transmission I nil 
as complemeiil parts of many electrical instrumeut> 
and appliances. Moreover, the recent invention ol 
fi]>re glas.s which is an insnlatant luir excvlkncc for 
electric wires and for making insulation tape 
further added to its field of utility. The eiioimoii" 
demand for glass articles needed in connection uiil' 
the future development of electrical power in India, 
as envisaged in the llombay Plan, ma> be easily 
visualized. 

With the increasing emphasis on bettei housiim 
and sanitary conditions, the demand for glass and 
l)orcelain articles wliich have proved to be of inimcnso 
value in town j banning, is likely to l^e increased 
several-fold. The expected expansion in the chemical, 
pharmaceutical, fermentation and other industries is 
likely to create a very large demand for glasslined 
ve.s.sels and an almost unlimited range of containers 
from the smallest phial and ampoule to the largest 
carboy. It may he emphasized here that gla.ss, as a 

* Glass Industry, 24, 69, 1943. 
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tiaiisparcnl and comiiarativcly inactive material to 
chemicals and food stulTs, will always l)e iireferred to 
metal containers if it can withstand roii^h hamlliiiji. 
Toughened glass has at least shown the way. The 
invention of foam glass with its reiiiarkablc heat in- 
sulating properties and low demsity has provided 
another held for glass in refrigeration engineering, 
transport, housing etc. It has a decided superiority 
over cork in being non-combustible and more durable. 

The recent discovery of plastics siipi>orted glass 
as a very tough material suitable for use in making 
aeroplane parts, and its likelihood to be of great 
utility for making high-duty articles has yet provided 
another Held of application. 

From the foregoing account three conclusions can 
^•.isily be drawn : 

(r) That in view of their limited character, 
their rapid depletion and their key posi- 
tion in the welfare of the nation, there is 
a strong case for the conservation of metal 
resources for more urgent needs. 

(2) Thai without curtailing the re(iuiretnents 
of the people, glass is one of the imieiUial 
materials which can be of inimeiise assist- 
ance in achieving this conservation by way 
of providing an excellent subslitule whose 
resources are regarded as inexhaustible. 

(3) That as a result of great technological 

advaucenieiit during the post-war period 
and its utility during the present emer- 
gency, glass in view of its fiiiuiaineiital 
proiierties has established itself as a ma- 
terial of lirst rank utility covering almost 
an unlimited Held of application and has 
vast pofentiality in future. 

This discussion on the potential applications of 
glass as substitute for metals in the coiisciwalion pro- 
gramme does not imply that the activities of the 
nK'tallurgical iiidu.stries are to be curtailed, luir from 
it ill pf)st-\\ar develoiimenl the metallurgical indus- 


tries are likely to be far more occupied witli urgent 
Helds of activity. For instance, in the programme of 
electrification, the copper industry w hich provides the 
key materials for Iransinissioii and electrical machi- 
nery may be unable to meet the requirements of the 
brass niamifactures sujiplying the domeslie needs ot 
the population ; glass and porcelain can be of imme- 
diate help. One may argue that this is an alarmist 
view ; in the post-war period metal articles wall be 
freely available and that glass will loose its significance 
as a siibslitute for metals. Eet it be reiiieiiiberetl 
that technology runs forward. Wiien once the poleii- 
tialily of a thing was e.slabli.sheil, technology invari- 
ably succeeded in making it a reality. The metal 
resources are undergoing rapid depletion, they will 
have to be conserved to save us from tlie dangers of 
a ruin. Human adaiAability is slow, and when even 
during emergency we grumble to change things we 
are used to for new ones, in peace time the change 
over will take a pretty long time. 

From these considerations, the \ersatility of glass 
as a key material of wide apidicalioii is easily cstah- 
lished. If, therefc»re, the dcHiiition of a key industry 
he one whose ])roducts are indispensable for the wel- 
fare f)f the country, glass by common consent will be 
regarded as one. It is, therefore, gratih iiig to note 
that the authors of the Ilombay Plan liave incliuletl 
glass under the Major Industries. 

The autlior lias written these lines hv no pre- 
sumption of proplici-y, Imt with the geiiiiiiie hoiie 
that these may Hu ns the attention of those concerned 
with these affairs to eireuinstances iii which we ma.v 
soon find ourselves. It is now pertinent to ask tlic 
(lueslion ht)w far the glass industry in this countrx’ 
is prepareii to play its important role in ])ost-war 
developments, true to the lines fri>ni ('icorge J. 
( )verinayer. 

\lnd so in modesty I proclaim- I am man's in- 
valuable and versaiilt servant I am (Unss.' 

{To lu' concluded) 


DR N. R. DHAR AND HIS ENDOWMENT 


princely eiidowniient of approximately one 
lakh of rupees wdiich Dr N. R. Dhar had ro- 
oenily made to the University of Calcutta for ‘i>er- 
hotuatiiig the memory of Acharya Sir Prafulla 
Chandra Ray and in furtlierauce of establishing a 
Fuiversity College of Agriculture* was reported in 
.fair previous issue. Dr Dhar w-as one of the most 
distinguished pupils of late Acharya P. C. Ra>' and 
has been the pioneer w^orker in the field of physical 
and agricultural chemistry and allied sciences in 
India. Nothing could have been more fitting than the 


way in, and tlie i)nrj>()sc for, which he has placed 
such a munificent gift at the disposal of the Univer- 
sity. The sjnrit in which he has made the endow'- 
nieiil will l)e fully conveyed by the text of the letter 
addressed to the \’ice-Chancellor, which we have the 
privilege to iniblish 111 full as follows : 

Reli Roatl, 
Allciliabad. 

13 - 11 - 1044 . 

Dear Mr \’ice-Chancellor, 

T desire to offer at the di.sposal of tlie rniversitv of 
Calcutta approximately one lakh of rupees for perpetuating 



4.18 


SCIKNCE AND CDlvTUKE 


Vol. X, No. 10 


the int tiiory of ,\rliyiya Sir Prafiilhi Chnndia Kfi> and in 
furtherance of estahlishinj* a I iiiversity Colleiie of /\^.«:ncul- 
tiire. The ainoiint may kimll\ he used in ihe following 
way : 

I. (fli) To invest in securities the interest of whieli shall 

be utilized in creatin.u a rmfessorshii) in A.tirieiil' 
tural Chemistry as soon as fuinl.s permit, 

Ih) for the present from the interest, leachinj^ and 
research posts in atfricultnral chemistry will he 
crealeil i»f such rank, status and emoluments as 
mav be possible within tlie available income. 

J. 'I'he jjosts metilioncil above be. always tilled by Tmlians. 
3. Thai the appointments for the posts be made by the 

Senate upon the teeotiiinetidalioii of a Hoard h)rnied 
hereafter, .md the power of removal of the inenihers 
<if Iht* si.iff by Sen.'Jte, if oeeasion should ever arise, 
be exercised only after the matter has bi*en cmisidered 
fully by the said board. 

A. That both posts.' rad n ate teachini; and orij^^inal re- 
searches shouhl he carried on in funheraiict* of aj^ricul- 
iiiral kiKAvled^o. 

.s. 't'lie Hoanl should consist ot : 

(rt) Vice-Chancellor of the rniversily Presi«lent, c.v- 
oJU do, 

{b) Dr. Shyama I’ra.sad Vlookcrjee, 

If) ])r. Hi<ilian (“handra Roy, 

(</) President, l'<KSl-j^raduate Council of Science, 

(f) Khaira rrofcssc»r of \iiricnUure, 
l/l Two members of the Sviidicate, 
l.t;) Donor, and 

(I/) One member nominated by him both being eiililled 
to nominate iheir suivesscjrs, the same power to 
be enjoyed by the derivative members also 
I hoi)e to tiiake a second endowment of approximately 
»>ne lakh of rui)ees for the same purpose at a subsequent date. 

As soon as I am informed that the Unisersity is willing 
to accept these endowments on the terms mentioned above, 

I shall arrange to make the necessary payment to the 
I 'niversiiy. 

Vours sincerely, 

.N. R. 1)h\k 

lloii’ble Mr jiustiee R. H. Pal, Db.D.. 

Vice-Ch'incellor, 

Calc'ulta rniversily, Calcutta. 

The I nivcisity College of Agriculture, we fer- 
\cntlv believe, uill go a hdig way in providing the 
niueh needed opportunity for the development of 
Hgriciiltnral and allied sciences which have rcecived 
far too little altenlion in this country compared to 
their iiiagiiilude and possibilities. It is of sioniticance 
to note that the inspiration and lead come from one 
who has not only substantially advanced this science 
hy liis life-long researches, but who now stands true 
to his science by expressing a rare willingness to lie- 
(jueathe to his countrymen a large share of his life’s 
savings so that the posterity may continue the work 
so well begun by him. A perusal of his eventful 
career as a scientific worker will alone enable our 
readers to .appreciate his supreme urge for research 
and development that has found so magnificent an 
oxfiressioii in his endowment. 

Dr Nilrataii Dhar was born on January 2, 1802. 
He had his school education at Jessore Zilla School. 
At Calcutta, he was educated in the Ripon and the 
Presidency Colleges and obtained his M.Sc. degree 
of the ITiiversity of Calcutta on submission of a 
thesis in physical chemistry in 1913. He was awarded 


a State Scholarship which enabled him to proceed to 
Iturope and continue his research at the Imperial 
College of S(‘iencc and Technology, London, and at 
the University of Paris, Sorbonne. He receive^:! the 
Doctorate degree of both London (iqt;) and the Paris 
(iqiq) Universities. 

Dr Dhar has served as University Professor of 
Chemistry, Allahabad University, for iietirly 20 yetirs 
and also as Dean of the Faculty of Science for a 
ccmsiderable ])enod. Since 1928, he has been carry- 
ing on very iniportant research v\wk in agricultural 
cheiriistry and soil .science, which form the basis of 
agriculture, and has jmblished numerous j)aper.s on 
these subjects. His discoveries in the enrichment of 
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soil and land reclaiiialioii have been taken up 
dilTereiit parts of the world and have received wiiK- 
recognition, as is evident from his corrcspoiidciicr 
with eminent workers in America, England and otlui 
places. He has been invited by several universitits 
and experiment stations in PUirope and America to 
lecture on his researches. He is a recognized aiillior- 
ity in colloid chemistry. Mis three books, (i) Clieiih 
cal Action on Light, (2) New Conceptions in bio- 
chemistry, (a) rnfluence of flight on Biocheniicjd 
Processes, are important treatises in his subject. 

In his presidential address to the United Pro- 
vinces Academy of Sciences, India, on December iQ, 
1935, Prof. N. R. Dhar gave a general account of the 
work carried out hy himself and his collaborators on 
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nitrogen transformations in soil. We publish below a 
short review of his address which appeared in Nature, 
April II, 1936. 

“Prof. Dhar leads the school of thought which 
l)clieves that nitrification in soils and nitrogen fixa- 
tion from the atmosphere arc, especially in tlu- 
iro])ics, photochemical at least as much as bacterial 
actions. Prof. Dhar has produced strong evidence in 
support of his theories, and the (juestion ai)pcars now 
to have reached the stage at which the protagoni.slM 
of l)aclerial and photochemical nitrification respec- 
tively are unwilling to admit any evidence which 
might* shatter their beliefs. 

Meanwhile, other soil workers will be wise to 
l eep an open mind on the matter, for the philo- 
sophical implications of recognising that light jdavs 
a part in soils analogous to photo-synthesis in the 
wgetable kingdom are at least as important as the 
jiractical possibilities of utilizing that knowledge for 
tlie enrichment of the soil, (liven sufficient facts, 
their practical application does not necessarily depend 
on their correct interpret rdion. The practical facts 
»)f Prof. Dhar*s researches are that Indian soils are 
generally deficient in nitrogen, that more than half 
a million tons of molasses from the sugar industry 
arc annually wasted in India, and that the application 
of molasses to the soil can double and may treble 
llic soil nitrogen content, with a conseejnent large 
increase in crop yield, 

Alolasses contains about 70 per cent, of carbo- 
]i\ (hates and small quantities of nitrogen, phosphorus, 
IKitash, etc., these (luantilies, however, being much 
too small to accimnl for the observed mamirial effect, 
.\ccording to Prof. Dhar, the energy set free in the 
oxidation of the sugars in molasses is utilized, cither 
hacterially or photochemically, in promoting nitrogen 
Nation and nitrification. Whatever the nature of 
the process, Dhar has produced indisputable evidence 
•'f increases in available soil nitrogen and crop yield 
following the application of molasses. Tfnder tem- 
perate conditions, the converse result would be ex- 
pected, as it is well known that the addition of carbo- 
li.\'dratc-rich material to soil tends to reduce the 
amount of nitrogen available to plants, the nitrogen 
becoming fixed as microbial protoplasm or as humus. 
An essential difference, however, between temperate 
and tropical soil requirements is that, whereas in 
tein]>erate regions the limiting factor to crop growth 
often the slowness, in the tropics it is the rapidity 
with which soil nitrogen is made available to plants, 
s('>luble nitrates being formed and leached from the 
^<nl before they can be absorbed by the crop. The 
general effect of molasses on the soil should be the 
same everywhere, but only in the tropics will its 
‘braking* effect on the mobilization of soil nitrogen 
be a positive advantage to the cultivator, and only in 
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the tropics will its stimulation of atmospheric 
nitrogen fixation, whether bacterial or photochemi- 
cal, be appreciable, since temperate regions lack the 
heat necessary for bacterial and the light for jdioto- 
cheniical stiinulatiou. 

I'or these reasons, llie ]M)lentialilies of carbo- 
hydrate mamiring of which molasses manuring is an 
example- have i)crliaps been overlooked by agricnl- 
liirists. If Prof. Dliar can substantiate his claims, 
he may elTect a revolnticm in agriculture in India, 
where the supply of the ordinary organic mannros 
is far below the demand. Prof. Dhar suggested that 
a mo.sl valuable use can be made of molasses in re- 
claiming alkaline land. The acids iwoduced in the 
decomposition of molasses neutralize the alkalis, and 
at the same lime and contrary to experience when 
land is reclaimed with gypsum or sulphur, soil 
nitrogen is increased. A period of about four years 
i.s usually necessary to reclaim alkali land with 
.eypsum, whereas with molasses applied at a rale of 
30-/I0 tons per ame, good crops can be grown within 
six months. It is not stated wdicther such n‘clama- 
lions have been found i>cnnanent -in view' of the 
oxidisability of the neutralising acids, this is open to 
doubt — but the method obvionslv merits further 
study. There are four million acres of infertile alkali 
land in India, and irrigation practices arc increasing 
the area. The economic reclamation of these lands is 
one of the country’s greatest agricultural problems, 
to the solution of which Prof. Dhar’s work is poinj^- 
ing the way.” 

Dr Dhar has created a ])ig school (.)f scientific 
research in agricultural chemistry and allied sub- 
jects. vScveral »)f his pupils wdu) have carried on 
research work in agricnltiiral chemistry imd allied 
subjects under Dr Dhar arc holding important 
posts in different parts of India, ( .g.. Dr K . C. 
Sen, Director, Imperial Dairy Pcst^arch Institute, 
bangalore, Dr X. (I. Chaltcrji, Officer-iii-Chargr, 
Pow'cr Alcohol, V . P., Dr P. H. (»angidy, Professor 
of Chemistry and Princii)al, Science College, Pa^na, 
Dr A. C, Chatlerji, Reader, r^ncknow Ihiivcr.sity, 
Dr S. Ciho.sh, Reader, Allahabad I ■niversily, Dr V. 
Core, Professor, Science College, Xagi)ur, Dr D. X. 
Chakravarli, Profcs.sor, Science College, Nagpur, Dr 
H. D. Dube, Lecturer, Allahabad rniversity, Dr b. 
R. Mukerji, Agricultural Chemist, W P. Oovcrnmeiit, 
now Deputy Director nf Agruailliirc, V. P. (lovern- 
nicnt, l>r (lopala Rao, Reader, Andhra Ihiivcrsity, 
Dr is. K. Mukerji, vS(fiI Chemist, II. P. (Government, 
Dr X. N. Pant, Professor, Meerut College, now^ on 
active service, Ih' S. P. Srivastava, .Agricultural 
Chemist, bharwari Kami, Jhansi, Dr Sant Prasad 
Tandon, Lecturer, Allahabad rniversity, Di K. \'. 
Seshacharyulii, Rio-Cbcmisl, Im])erial Dairy ResLarch 

Institute, bangalore. 

N 
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For over ro years Dr Dliar lias been inaintaiii- 
iiiK a hij» research laboratory known as the Indian 
Institute of Soil Science in Allahabad and he has 
been desij;iiatecl as Officer-in-CharKc of this labora- 
tory by the r.P. t iovernincnl. In this institution 
very important researches on nitrogen hxation and 
alkali land reclamation have been carried on. The 
Imperial Council «)f A.ericultural Research sanctioned 
Rs. lo.ooo/- f<jr meeting the e.xpeiiscs of these re- 
searches. The r. P. (lovernmenl also contributed to 
I his institution Rs. lo.ooo/- for research work in agri- 
cultural chemi'-tr\'. Dr Idiar has delivered lectures 
on sr)il science and visited the A.ericnltnral In.stitutes 
in the rniversities of Cambrid>*e, r.oiidon, Paris, 
I'Pt^sala, ( 'iroiiinj^cii (Holland) and Wai^eiiineeii 


(Holland). He was invited by the Tiiternational 
h'ertilisers Congress to u rite and present a report on 
the fertili.sation of dry soils to the Congress held in 
Rome in l>r Dhar was invited and attended 

the International Agricultural Conference in Holland 
in 1037. He served on the International Nobel Prize 
Committee in Chemistry in 1939. He was president 
of the Indian Chemical Society 
Chemical section of the Indian Science Congress in 
1922. He has becti serving as an examiner in agri- 
ciilliiral chemistry in the universities of Allahabad, 
Agra, Fncknow and other ])laces and served on the 
v^oil Science Committee of the Imperial Council of 
Agricultural Research . 


LIFE-HISTORY AND BIONOMICS OF THE CAULIFLOWER 
PEST. PRODENIA LITURA, Fb., IN BENGAL 

.\. C. BASIL - 

AimiTlnNM. I'.NTOMOUM-ilCAI, .\SSlST\NT, C.OVKRXMhNT \OK|t Cl. I I’U \I, 
i,.\uoR.VfoRv, rKjr..\()x, n.\c('\ 


JN Pengal, the larva of tlie moth, rrodoiia Uiura, 

Fb., (Noctuidae, Lepidoptera), is a major pest of 
the cauliflower. It is damagiiig not oidy to tins parti- 
cular crop, but also to many other economic idants 
and fruits in India as well as in other parts of the 
world. In Kgypt, the larva is a great enemy to the 
cotton plants and is known there as the cotton- 
worni ; in Nyssaland, the larva injures the tobacco 
plants, and is popularly called the tobacco-cater- 
pillar ; in Rhodesia it is called tlic tomato-cater- 
pillar ; in Manrilins, it is known as the bean-army 
worm. In the Tamil areas of the Madras Presidency 
the larva is knr)wii as \uakknn\ and in Bengal 
where the devastation of the cauliflower hy this larva 
is alarniing to the peasantry, it is popularly described 
as the 'fzafipoka*, the caiiliflowcr worm. 

Since the larva causes damage to ecouomic crops 
of the globe, it has bc^en a subject of investigation by 
entomologist. W’ilcock (1005) furnished some in- 
formation on this moth, and made a list of lio.st plants 
devastated by its larva. Fletcher (roi^) gave some 
accounts on the general habits of the moth and the 
larva with notes on i>laiits which migh.t be injured by 
/^ litura. Janish (lo -o) carried on observations on this 
moth under diffeVent grades of teinperatuie.i. Bishara 
(1934) added an elaborate account on the bionomics 
and inepared a ’’st of plants, fruits and dowers in- 
jured by the larva of P. lilunf. Raichoudhury and 
Basil (1041) noted its pnpn formation in relation to its 
pupating media. Basu w,) recorded observations 


on the effect of the different food-.stuffs on the vari;o 
tions of the larval growth, pupal size, period and tin 
size of the moth of litura. In view of the im- 
portance (>f this pest its life historv logctlier witli 
brief notes on the morphological peculiarities 
given below. 

DKSCRIBTION of various STAGli'S IN TIIK LlFK-IIlST/ )KN 

The Tgff (Fig. i). -The eggs are laid in small 
patches, v^ometimes a second and a third batch wv 
deposited over the fir§t patch. The egg is roninl, 
when just oviposited it is iridescent in colour. Jnsl 
prior to Latching the egg assumes a black tint. Tlic 
larva emerges on cutting a hole in the chorion by 
its mandible. The eggs are always laid on the under- 
surface of the leaf of the cauliflower and are covered 
with a fine wooly mass. 

The -The fre.shly emerged larva moves 

over the leaf, gnawing small pits in it. It spins ‘^^ill^ 
enabling it to maintain its position on the foliage. 
Later, the larva marches towards the cauliflower to 
settle dowai there. It constructs tunnels inside it 
devouring the entire flower. "Prass** is noticed 
.scattered on the cauliflower, and this helps spottin.c 
of the pest in the field. 

The larva undergoes six instars. 

h'irsl .sTflge.-— The larva on emergence measures 
t'o6 mm. Its general body colour is white, the sliapt* 
is cylindrical but tapering at the posterior end. The 
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larva later assumes a greenish colour on eating the 
foliages. The head is shiny black, it is big when 
compared to the body. The mouth-parts arc pale 
brown in colour and maxillae somewhat paler. 



l iG. 1. Upper---P^sg (side view). Larva 

(Dorsal view). I.ower Kjij /if- Larva (‘^ide view). 

Circular black tubercles occur on each scgnieiU and 
each tubercle is capped with long black hairs. 

Second stage . — After the first moult the larva 
measures 7'.^o nun. in length. The general body 
I'olour is olive green or pale green with a somewhat 
'cllowish line on the dorsal side of the body. The 
liead is pale or dark brown and presents a prominent 
triangular mark. The tubercles become more distinct. 
The thoracic shield is smoky. The distinctive 
feature is the presence of a prominent black spot on 
c'ach side of the first abdominal segment. 

Third stage , — After the second moult it measures 
mm. in length. The general body colour is 
‘leeper than in the previous instar ; but the colour is 
variable, being dark brown, dark grey or almost 
black mottled wjth irregular spots. There are two 
black spots with yellow edges cm the dorsum of meso- 
tborax and two similar ones on the meta-thorax, and 
f'vo big black areas on the first and eight segments 
the abdomen. Distinct light bands occur ; one 
■across the first abdominal segment, and other bands 
run longitudinally. 


Tourih stage , — After the third moult the length 
increa.ses to 25 oo nun. N^o important changes in 
colour are observable. 

Fifth stage . — After the fourth moult the length 
measures .^7 60 mm. The transverse black band on 
the first abdominal segment and the longitudinal 
band on the larval body become faint. 

Sixth stage (Fig. i). — After the final moult 
the larva ineiisures mm. in length. The 



FlC. 2. Lf/t Pupa (Dorsal view). Kighl- -.Vdiill 
(Dorsal view). 

transverse and the longitudinal batuls on the larval 
body fade away. Aftervvhile the larva slops feeding. 
It now travels towards the soil for pupation under 
earth. Hereafter the larva shrinks in size, and the 
body is anniilated. Tt now passes into the pupal 
stage. Prior to the transformation, the ripe larva 
emits a resinous substance which helps in building 
ui> a cell for pupation. 

The Fupa (Fig. ,»). The pupa measures U) to 
mm. ill length including the hooks. Tt is 7 to 
S 111111. in width across the fourth abdominal seg- 
ment. The colour of a justly transformed pupa 
green but as the age of the pupa advances the general 
body colour turns to reddish brown ; the abdomen 
is a shade lighter than the rest of the body. It tapers 
gradualh' towards the po.sterior end and tenniiialcs 
in two straight hooks. Of these one is more blunt 
and shorter than the other. The spiracles are proini- 
iieiit and darken in colour than the abdomen. They 
are round and raised above the surface. The antennae 
are comparatively long, reaching ncarl\- the edge 6f 
the wing pad. 

At the time of emergence, the pupal case splits 
open liberating the moth. 

The Adult (Fig. 2). --The moth fly at du.sk ; 
during the day time they hide in crevices or in dark 
recesses of the neighbouring trees. On account of its 
peculiar colouration, it is difficult to detect the moths 
especially when they rest on the bark of trees. If 
disturbed they fly to a long distance. They are 
attracted to light. The moth measures 38 to 40 mm. 
in wing expanse ; the body length is 19 to 22 mm. ; 
abdominal width 6 to 7 nun. The general body 
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colour is greyish brown. The fore- wing is full of 
ochreous lines and bars, running for longer or shorter 
distances along the veins and also runs obliquely. In 
the male moth the ochreous lines are more prominent 
than in the females. The male differs from the 
female in having a ochreous band on the lower edge 
of the fore-wing. The hind-wings are white, 
irrcde.scent and the wing edges are dark brown with 
brown veins. The wing expanse is 30 to 32 mm. 
The thorax and abdomen are orchreoiis to light brown 
with tuft of hairs. The head is covered with brown 
tuft of scales. 

0vil*OSITlON 

Paring takes place one or two days after the 
emergence of the adult. It busts for one to two hours, 
f generally coition takes place at night but sometimes 
during day time the adults are found in the conju- 
gating stage. The oviposition msually occurs either 
early in the morning or just after the sun-set or in 
the night. As the time for oviposition approaches, 
the female becomes (piiet. She then slowly lifts the 
til) of her abdomen and starts laying eggs. This 
procc.ss is repeated again and again until the eggs 
being laid in batches. The maximum number of 
eggs deposited by a single female is 378. The pre- 
oviposition period varies from 2 to 4 days. 

The incubation period of the egg is 4 days. 
After hatching the active larva .starts damaging the 


cauliflower attacking the leaves first. The entire 
larval period lasts from 18 to 20 days and the amount 
of damage thus can be conceived. The pupal stage 
lasts from 9 to 10 days. The adult can live from id 
to 24 days. 

The life-history may 4)6 summarized as follows 


TABLE I 

Summary ok the uikk-hiSTory of Prodctiia litura on 
Caui,ifi.owi<:k 


Stages ill life-history 

1 

Maximum! Minimum 
(days) ! (day.s) 

Average 

(days) 

- - 

— 

1 , 

1 


Pre-oviposition period ... 

4 

2 

3 

Incubation iieriod 

4 

i 4 

4 

Larval period 

20 

' 18 

I9-.S 

Pupal periocl 

10 

1 » ‘ 

9-.S 

Life of adult moth 

24 

; to 

17 

Number of eggs ileposiled 
per female ... ... i 

578 

[ 

i 

i 2i12 

1 

1 

435 
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PROFESSOR P. C. MAHALANOBIS. F.R.S. 


^HE recent election of Prof. Prasanta Chandra 

Mahalanobis to the Fellowship of the Royal 
Society of London is a fitting recognition of what he 
has been doing during the last 25 years for the sc'icnce 
of statistics in general and its application to the study 
of Indian problems in particular. 

Born in 1893, Prof. Mahalanobis graduated from 
the Presidency College, Calcutta, hi 1912 and had a 
very distinguished career at Cambridge. He obtained 
Mathematical Tripos in 1914 and a first class in 
natural science, Part II, in 1915. During 1915-17, he 
was a senior research .scholar of the King’s College, 
Cambridge, and in iqi8 received the Master’s Degree 
of the Cambridge University. On his return to India, 
he joined the staff of the Presidency College as a 
professor of physics in the Indian Education Service, 
and also became lecturer of the Calcutta University. 
In 1941, he became the Head of the Department of 
Statistics, Calcutta University. 

Although he had his early training in physics 
and began his career as a professor of that science, 


statistics has been his first love for nearly 30 >'ear'' 
now. Descriptive statistics, as is well known, is 
very old science, but analytic statistics as a .separate 
branch of knowledge is of comparatively recent 
origin and came into being during the last quarler <'f 
the iQth century. The new^ branch of science, like 
most of the positive sciences, was born out of, and 
grew in response to, social and economic urge ami 
finally developed into an abstract system of know- 
ledge to be studied for its own sake by a few ofl 
the many men of science. The foundations of the 
new science were laid and the main outlines of the 
methodology developed, among others, by the late 
Prof. Karl Pearson and Prof. R. A. Fi.shcr, both 
doyens of analytic statistics in England. Among the 
numerous other w^orkers in this coinparatively young 
science within the last twenty-five years which in- 
clude Prof. Neyman of Poland, Prof. Hotelling 
U. S. A., and Prof. Yates of Great Britain, Prof. P 
C. Mahalanobis holds a distinguished position. Gn 
the purely theoretical side, the science owes him 
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significant developments in two important directions. 
Once different species of the same genus have been 
distinguished as such (by methods to which also he 
has made important additions), there still remains the 
problem of classifying them by ordering against some 
sort of scale. This he has tried to tackle with a fair 
measure of success, opening out in fact a vast field 
of work for statisticians and mathematicians for years 
U) come. The second line of development, one with 
)»crhaps much greater socio-economic significance, is 



pkok. p. c. ^r.■\I^A^vANfmIs 


Cdiu.criicd with the formulation of correct princi|)lcs 
uii which large scale samiile surveys should be 
designed and the results interpreted so as to secure 
3l miiiimuni cost and with maximum jirccision any 
iiLtii or items of information about areas and popula- 
tions as big as those that cover an entire province or 
I veil a country of the si/e of India. Here, as else- 
where, the methodology evolved out of his atteinjits 
to tackle the problems ari.sing out of actual surveys 
iio had undertaken at the request of the Central 
fiovermnciit, the various provincial Governments and 
‘>dici- non-ofiicial bodies and organizations. 

f rreat as his contributions to the theoretical and 
practical aspects of analytic statistics are, the services 


he rendered in the direction of creating an Indian 
school of statistical study and re.search have been 
greater still. The Indian Statistical Institute which 
is the only organization of its type in India and of 
which he has been the Founder vSecretary since 
owes its inception to him and expresses most 
eloquently his interest in, and concern for, the deve- 
lopment of statistical science, both pure and aiijilied, 
in India. 

Professor Mahalanobis combines in a rather uii- 
u.siial manner passion for abstract .science witli 
interest in its at q dications, the acatlemic detachment 
of a scientific worker with the social .scn.se of a respon- 
sible citi/en, the leanings and teinperamcnt of a 
reclu.se and savant with the actual liabils of a big 
routine administrator. This rather umi.sual combina- 
tion of slightly incoint>atible trails has not made life 
sinoolli for him i)ersonally, but it has brought his 
country a very rich liarvcj^t of varied activities. He 
has great interest in literature, philosophy, anthn;- 
jxdogy and various other social sciences. 

Prof. Mahalanobis was a.ssociated witli many 
l»rogressivc and eulUiral activities. He was the 
Honorary General vSccreUiry of the Msva-bharati 
during and Honorary Kditor of the \lsva- 

bhaniti (Juartcrly during 1QJ7-39. SdukJiyu, the 
Indian Journal of vStatislics, of wliich he has been 
the editor since 193.^, is a recognized |u.Tiodical of high 
standard in the subject. He is a fellow of the 
Xatioiial Institute of vScieiices since its inception in 
103/t and was presidf'iit of the Anthropological vSec- 
tion in 1025 .Mathematics and Statistics 

.'Section in ic)/]2, of the Indian Science Congress. He 
was awarded Weldon Memorial Prize in 194.1, a 
singular and raiv distinction shared by an rncliaii for 
the first time (vSee vSciKNCK .\M) Cui/ruRiC, Vol. X, 
No. 3). He is the chairman of the Statistics, 
Standards and Quality Central Coinniiltee of the 
Council of vScieiitific and Industrial Research and 
Statistical Ailviser, Statistical bureau, G«)vernment of 
beiigal. besides, he has served on several Goverii- 
nicnt Committee set up from time to time to advise 
tlic (joveninicnt on statistical is.sues. The se.s.sion of 
the Indian Science Congress held early tliis year at 
Nagpur elected him as its General Secretary. - 

We wish him many more years of fruitful 
activity.* 
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BOMBAY PLAN 11 

TiiK .second part of the plan of economic 
dcvelopiiieiit for India, i)opularly known as the 
llombay Plan and liiepared by a number of leading 
industrialists of India, discusses the various pro- 
blems connected with distribution and also the allied 
(ILiestion of the part to be assigned to the State in a 
planned economy. vSir Ardeshir Dalai, one of the 
eight authors of the Plan, was unable to sign part II, 
«>wing to his apix)intment as Member for Planning 
and Uevelopnient in the Coveriiment of India. The 
authors have drawn pointed attention to the gross 
iiiefiuality and disparity of income, which act as a 
serious hindrance in the cfevelopment of a country’s 
economic resources. In 1931-3^ > the authors state, 
one half of the total urban income w-as in the hands 
of less than to per cent of urban workers and ‘even 
among the comparatively well-to-do class, whose 
annual incomes exceed Us. .2,000 a year, 38 per cent 
of their number could claim only 17 per cent of their 
total income, while a little more than i per cent were 
in possession of as much as 10 per cent of their total 
income.’ The authors believe that in any economic 
planning it is desirable in the best interest of the 
country to have enough scope for variations in in- 
come according to ability and jjroductivity, but there 
should be adequate safeguard against gross ine<iual- 
ity. The suggestions they have produced with a 
view to securing an equitable distribution of income 
include the imposition of death duties and other 
similar levies, the reform of the system of land 
tenures, decentralization of the ownership of means 

production through widespread distribution of 
shares in joint stock companies, regional distribution 
of industries, and through the development of co- 
operative enterprises. They further advocate that 
a steeply graduated income tax would be the most 
direct and important method of keeping personal in- 
comes within litnits and preventing gross inequalities. 

The creation of a minimum standard of living 
reciuircd for civilized existence is the main purpose 
of economic planning. To .^cure this, the authors 
propose two cla.sses of measures ; (1) those that would 
raise the general level of income and (2) those that 
would reduce the cost of living. The former in- 
volves (a) provision of full employment, (b) increase 
in efiiciency, (c) improvement in urban and rural 
wages, (d) security of agricultural prices and deve- 
lopment of multipurpo.se co-operative societies, and 
(e) reform of the land system, each of which is dis- 
cussed in the memorandum. To reduce the cost of 


living, they suggest provision for free social services 
such as primary and middle school education, adult 
education and medical treatment, and. essential utilit\' 
services at low costs, such as electricity and tran- 
sport. In addition to these services, there wqll he 
need for creating a national relief fund on the liiie^ 
of the i^resent famine relief fund, but larger in re- 
sources and in scope, to meet emergencies arising om 
of a failure of the monsoon, and hence, of crop, or 
any other national calamity. There should also l)e 
some provision for social security against such con- 
tingencies as sickness, old age, technological un- 
employment etc., and a comprehensive scheme of 
social insurance should be imi>Jemented for this pur- 
pose. This scheme cannot, however, be introduced 
at the outset, as it reejuires, for its success, the con- 
dition of full, or at least stable, employment for ;i 
greater part of the population, and also a reasoiial)le 
level of average individual income. 

The authors, while i)roi)(.)sing ta.xatioii on sneh 
a large scale are,^ liowever, conscious of the possible 
abuse by the foreign imperial government of large 
powers derived from such taxation. In fact, tlie 
l)Ossibility of this abuse with its dangerous implica- 
tions constitutes a powerful argument against heavy 
taxation under a governinent neither responsible to 
the people, nor wedded to a stated policy of full scale 
national development. The authors have, therefore, 
emphasized the creation of a resi)oiisible national 
government as the pmna facie condition of the 
successful working of tLj Plan. 

In elaborating the part to be played by the Statu 
in the economic organization contemplated in Ihu 
Plan, the authors accept the democratic form of 
govcjrnment and assume that planning is not incon- 
sistent with a democratic organization. They have 
worked out their Plan on the supposition that 
Democracy permits of State intervention implicit in 
planned development but leaves enough scope and 
freedom to the individual to exercise his personality 
and initiative to die fullest extent. Co-ordination ol 
general economic activity, management of currency 
and public finance, collection of statistical and other 
information, and adoption of legislation to safeguard 
the interests of the economically weak classes are 
usually recognized as the primary concern of the 
State. In addition to these, State intervention is now 
increasingly being sought in the direction of owner- 
ship, control and management of economic eiitci- 
prises, and the authors have briefly indicated the 
nature of the State's functions in these directions. 
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In placing their views about the relation of State 
with the economic organization of a country, they 
have developed no new thesis, but have followed 
typical British economists, such as Professor Pigou, 
from whose writings they have quoted freely. 

WANTED A WELL-DEFINED POLICY 

Thk speech delivered by Mr H. L. Mehta at 
the i8tli Annual Session of the Kederalion of Indian 
Chambers of Commerce and Industry on March 4, 
1945, in moving the resolution on (Government’s 
l)olicy regarding post-war industrial development, 
has been signilicant from more considerations than 
one. His speech, we are afraid, may rudely shake 
the rosy optimism engendered to certain extent by 
the Government’s big reconstruction talks. The 
various issues he raised concerning the future indus- 
trial development of India merit close attention. At 
tlie outset he drew pointed attention to the absence 
of a positive declaration by the (Government of their 
policy with regard to industrial development after 
the war. The Government came forward with no 
categorical and unetiuivocal declaration that they 
would safeguard the position of industry and 
would stand by it and encourage its developmenl 
for a .specified period of time. Vague assurances 
regarding the liberalization of the tariff and protec- 
tion policy have been given by high officials from 
lime to time ; but these have encouraged no hope 
since the (Government ‘si)eak sometimes with as 
many as eight voices and we do not know which 
\'oice to give credence to at that lime and in what 
respect.’ 

Mr ^Tehta strongly criticized the Hon’blc the 
Finance Menibei*’s remark in his budget speech that 
‘post-war development must mean and must continue 
to mean post-war development and by no magic or 
optimism can it be made to mean war-time develop- 
ment’. He cited the instances of Canada and 
Australia, the goveniiiicnts of which already evinced 
their attitude to lay the foundations of post-war 
development during war-time by and through the 
development of war industries. ‘Tn the very carry- 
ing of the burdens”, said the then Australian 
Premier, “we are laying industrial foundations, 
tipening up new resources, acquiring new skill and 
experience ; paradoxically enough, our war needs arc 
likely enough in many ways to provide our peace 
Opportunity.” This spirit of working has enabled 
Canada to become today the second country in the 
world in the building of cargo ships, fourth among 
the world’s air powers and the third trading nation 
in the world. Australia developed her steel and air- 
craft industry almost from a scratch. But not onlv 
India has not been able to build up one single key 
or heavy industry, her industrial development has 
been handicapped in many respects owing to difficul- 


ties of obtaining supplies of some essential raw mate- 
rials, i>lant and machinery from abroad. 

With regard to India’s participation in any intci' 
national agreements, ^Ir Mehta soniided a note of 
warning. The series of international conferences 
which are being held as the prospect of peace is 
drawing near may witness arraiigemenls, understand- 
ings and agreements, commercial and otherwise, in 
reganl to many matters, in which India will, whether 
witli or without her wishes, be made a parly. Mr 
Mehta said, ‘'Our experience in regard to inlernalional 
agreements in the past has been very unforlunate. 
We have had to accept obligations, burdens ami 
responsibilities under such international agreements 
while being denied the rights, privileges and l)enefits 
they confer.” For instance, the ])ri)posed formula of 
the equal access of raw materials of the world con- 
tains the disquieting suggestion that the more in- 
dustrialized countries will have abundant and cheap 
raw materials to the permanent disadvantage of the 
less incliistrialized. There is as yet no sign that the 
imperial powers are prepared to give up Imperial 
Preference. Furthermore, the fears of international 
cartels and combines arc now as great as ever, and 
it IS essential that the operations of such cartels, in 
so far as they affect Indian industry, should be care- 
fully studied. Mr ^lehta akso discussed the role of 
Stale in industry in future, the i>n)l)lem of toreign 
capital working in India and various other topics. 
With regard to the dangers of foreign capital, he 
quoted a passage from a historical speech by Presi- 
dent Wilson, which runs as follows : “A country is 
dominated by the capital invested in it. It is a 
fundamental idea that in proportion as foreign capital 
comes in and takes hold, foreign influence comes in 
and takes hold. TlTerefore, processes of capital are 
ill a sense processes of conquest”. 

TUNGABHADRA PROJECT 

The Tungabhadra Project which was inaugurat- 
ed on I'ebruary n8, 1045 by II. E. Sir Arlhur Hope 
rei)resents the joint endeavour of the (Governments 
of Hyderabad and Madras to eradicate famine from 
the Ceded Districts. The project estimated to cost 
Rs. 20 crorcs provides for the construction of a dam 
across the river Tungabhadra at Mallpurani, from 
wdiich each (Government will at present draw about 
65,000 million cubic feet of water. The dam will be 
150 ft. high and 8,200 ft. long, with ample provision 
for sluices and high and low level canals. The lake 
formed by the dam will cover an area of about 140 
square miles and will have a capacity of 112,000 
million cubic feet. The cost of the dam would lie in 
the neighbourhood of Rs. 7 crores, while the total 
canal system of 440 miles would involve an expendi- 
ture of about Rs. 6 crores. Power will also be 
developed out of the supplies from the reservoir. The 
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execution of the project, it is reported, will take 
afnnit eiKht yeans. 

The project would primarily lienefit the dry and 
arid northern portions of the Ilellary and Kurnool 
districts which frcciuently suffer from failure of crop 
and hence from famine. The net revenue from irriKa- 
lion is estimated at about Rs. 12 lakhs and power 
revenue at Ks. 8 08 lakhs. The annual value <if 
crops, both dry irrigated and wet, has been estimated 
at Rs. 5 crores. The project will be primarily a dry 
irriirated one and has been conceived with a view 
lo extendiiiK its benefits over as larjije an area as 
possible. 

'Phe ]>ossibility of harnessing the waters of the 
Tungabhadra, which run to waste to the sea, was 
always before the (»overnnient since the time of Sir 
Arthur Cotton. The I'amine Code Revision Com- 
mittee of Madras, in their report issued in rg;>8, 
demanded the early execution of the Tungabhadra 
project as the solution of recurrent famine in these 
districts. The pre.senl initiation of the project is 
largely due to the co-operation of the Governments 
of Hyderabad and Madras in their common effort to 
ulili/c the waters of the Tungabhadra for the benefit 
of their ])eople, Rao Hahadur N. Govindaraja 
Ayengar, chief engineer for Irrigation, pointed out 
in his statement that this was the first time in the 
history of India when two autonomous units, a 
province and a Slate, co-operated in a joint eiideavoitr 
of this magnitude for the common good of their two 
peophis. Narrow provincialism has often stood in 
the way of initiating hydraulic and irrigation 
schemes of ijicstimable value, bet us hope that the 
cxaniide of the Nizam and Madras Governments 
should be followed in future J)y other i)rovincial 
Governments whenever need for such joint action in 
the interest of the people would arise. 

DIVISION OF HIGH-POLYMER PHYSICS 

Thk Council of the American Physical Society, 
according to a report of the Journal of Applied 
Physics, has recently authorized a new Division of 
High Polymer Physics under the Society. The 
object of the Division, as slated in the by-laws, is lo 
secure *the advancement and diffusion of the know- 
ledge of the phy.sics of high-polymeric materials of 
any kind. Illustrative examples include rubber, 
textiles, plastics, imlp and paper, paints and varnish, 
and leather.* The scope of the Division is declared lo 
be sufficiently broad to include fundamental as well 
as technical problems of high-polymer research 
physicists working in academic, industrial and 
Government laboratories. 

The institution this Division is a clear indica- 
tion of the rapid development of high-polymer 
phyvsics which concerns the .study, by physical prin- 


ciples and techniques, of such substances as rubber, 
textiles, and plastics. Work in this specialized field 
has proceeded so fast under the stress of war that 
text and reference books have failed to keep pace 
with the development, leaving the research workers 
to fall back on personal discussion, technical litera- 
ture and such other means for exchange of informa- 
tion. Research directors and scientific workers of 
this field increasingly regarded the available oppor- 
tunities for exchange of infonnation as insufficient 
aiul Dressed for the creation of a division in the 
American Physical vSocicty lo fulfil their needs. At 
a iiieetiiig held towards the end of 1043 , the Council 
nf the Society fully considered the case iiresented by 
llie physicists engaged in high-polymer research for 
the establishment of a division and approved of its 
creation. Tlie President of the vSociely subsequently 
appointed an organizing Committee consisting of 
Council representatives headed ])v Dr K. K. Darrou 
as chainnan and members of I he Society sponsoring 
I he new division. The Division which had already 
started work since its autliori/atioii in 1043 was 
ft»nnally established at an inaugural meeting held on 
June and 24, 1044. Any Fellow or Member of 
the American Physical Society may enrol in the 
Division, while for other interested scientists and 
research workers, the Division provides an associale- 
.ship with all facilities except the rights to vole and 
lo hf>ld office. 


QUININE IN INDIA 

At a recent meeting of the HoUvSe of Commons, 
according to a I'eport of The Chemical A/i'e, Mr b. S. 
Amerv, in reply to a (|uestion by Mr R. Sorensen, 
stated that million tablets of synthetic anli- 

malarial drugs were shi])ped to India in 1943. The 
total shi])iiicnt f)f the same drug in 1944 amounted 
to 032*4 million tablets, in addition to 1,000 lb. of 
tota(|uiiia. Quinine stocks in India in April, 1944 
stood at 244,000 lb. He further stated that India 
was producing more (|iiinine than she had been doing 
in the i)re-war iicriod, which was about 90,000 11 ». 
a year. He also gave out that pre-war con.sumi)tioii 
of <iuiniiic was about 200,000 lb. a year, while that ol 
synthetic anti-malarial drugs was negligible. 

It appears that Mr Amery tried to present a ver>' 
bright picture of the supply of quinine in India. .It 
is curious that dCvSpite such improved supply of 
(luinine, the mortality rate due to malaria has 
assumed alarming proportions during recent years 
and has surpassed previous records. Competent 
authorities have ascribed the high incidence of 
malaria with its heavy toll of life to serious shortage 
of (luinine. The figures which Mr Amery produced 
in course of the parliamentary debate are utterly 
without any significance, as these do not tell us the 
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amount available for civilian consumption. More- 
over, the figures are misleading. This is how the 
Secretary of State keeps the people of his country 
informed about affairs in India. 

MAHARAJA ANUPSINGHJI AS AN ASTRONOMER 

In the February 1945 issue of the Bikanr) 
Ikilletin, K. Madhava Krishna Sarma, curator, Ami]) 
Sanskrit Ubrary, describes the astronomical work of 
Maharaja Amipsinghji of Bikaner, who flourished in 
tlic seventeenth century A.D. The great scholar 
Maharaja who patronized all branches of learning, 
including Kavya, Jyotisha, Ayurveda, Dhanna- 
shastra, Kamashastra, Mantrashastra and Astronomy, 
was himself a learned astronomer and made important 
contributions to this science. His monumental work 
*Anupasimha-Karana’ which ranks in imiKirtancv 
with the astronomical work ‘Rajnmigaiika* of the 
famous Bhoja of Dhara deals with the calculation of 
planets. His famous work and the astronomical in- 
struments belonging to him are now available in the 
Anup v^anskrit library, 'rite "Maharaja gathered 
round him a number of eminent astronomers of his 
time, such as Manirama Dikshita, Virasimha Oanaka, 
lioshinga Rama Hluitta and Kashira ja. It may be 
noted that the 'Arya-Siddhanta-Tulya-Karana* 
(written at the age of sixteen) and *Anup-Mahodjidhi* 
of ^'irasimha, the ‘Anup-Vyavahara-Sugara* of Mani- 
rama and the ‘Anui)-Mcglia-'Mala’ of Hoshinga Rama 
hear testimony to the excellence attained by TTindn 
astronomy. 

STUDY OF THE URPER AIR 

Two types of radio-sonde have recently been 
developed by the Indian Meteorological Department 
for the study of upper air, one af the Upper Air Office 
at Delhi and the other at U])per Air Section of the 
Meteorological Office at Poona. The radio-sonde is 
designed to send radio signals of the pressure, tem- 
perature, and humidity, which can be automatically 
recorded by receiving apparatus on the ground. The 
instrument is light, weighing only a few ounces, and 
is tied to a balloon filled with hydrogen which carries 
it to upper air, usually to a height of 8 to 10 miles. 
The observations are telegraphed to the various fore- 
casting offices and enable them to get an accurate 
picture of the physical processes affecting weather and 
to estimate the course of its evolution. This know- 
ledge is of great importance in the issue of weather 
warnings to aviators, irrigation engineers, agricul- 
turists and the general public. It is reported that all 
the parts of the instrument excepting the wireless 
valves are now being made in the departmental work- 
shops on a mass scale. A few selected stations have 
niade arrangement for the daily sending of balloons 
equipped with radio-$onde to sound the upper air. 


ECONOMIC MINERALS BUREAU 

The Council of the Geological, Mining and 
Metallurgical Society of India has recently circulated 
a letter, proposing the establishment of an Kconomiv' 
Minerals Bureau on the lines of the present Imperial 
Institute in London, with which the Imperial Mineral 
Resources Bureau is iiicor])orated. The Bureau will 
maintain (a) an office to snp])ly accurate mineral ami 
metal facts relating to the Indian mineral and 
metallurgical industries, including cement, i)oUcry 
and glass-making, (6) a i)iireau for the collection of 
information and data relating to the geological, 
mining and metallurgical iiidii.stries throughout the 
world for Indian empiircrs, (r) an office for register- 
ing and recommending staff for geological surveys, 
mineral prospecting and ()])eiiing ore deposits or 
starling metallurgical works, (d) a laboratory for 
making assays, chemical analyses and physical tests 
ouickly, cheaply and relial)ly in regard to mineral 
substances for industrial pin poses, and (e) an advi.sory 
stair or committee or council to control the above 
offices, bureau and laboratory and advise on the 
mineral development on safe and sound lines. 

The total cost of establishing such an Fconomic 
.Minerals Bureau has been estimated at about R.s. 3 5 
lakhs, of which capital expenses will account for 
Rs. 2,75,000, rent and salaries, Rs. 50,000/- and 
running expenses, Rs. 25,000/-. 

Many individuals and firms have often felt the 
need for such an organization, which is now further 
reinforced by the i>rospect of a planned development 
of India in the post-war period. It gives ns miioli 
satisfaction to think that the Society has aiiplied its 
mind to the problem of e.stablisliing an organization 
that should act as a clearing house for geological, 
mining a^.d metallurgical inforraalion and at the same 
time provide scientific assistance in the Form of 
making assays, chemical analyses ami physical tests. 

METAL INDUSTRIES 

At the first ordinary annual general meeting of 
the Jaipur Metal Industries Ltd., held on 28th 
Kebruary last, Mr R. H. Kamani ]>leaded for the 
development in this country of our mineral resources 
of lion-ferrous metals like copper, zinc, lead, tin, etc. 
India will have to depend on outside sources for her 
supplies of these metals cither in the form of virgin 
metals or as scraj) metals. It .should he one of the 
primary objects of our national policy to develop the 
mining of non-ferrous metals in the country itself as 
far as possible. 

The establishment of a large non-ferrous refining 
and manufacturing industry in the country will pro- 
vide the necessary market when the production of 
virgin metals has been developed. The non-ferrous 
manufacturing concerns should be given every facility 
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and preference for the import of non-ferrous virgin 
metals and scrap from abroad, which can be used by 
the indigenous manufacturing concerns, and the im- 
port of finished or semi-finished goods which would 
compete with these industries vshould be discouraged. 

Before the war, India was exporting most of the 
non-ferrous scrap to Geniianj'' and Japan. This policy 
will have to l)e changed if India is to develop her 
own non-ferrous industry, and the export of such 
scrap should be cithcT prohibited or restricted 
by the imposition of a heavy exi)ort duty. It is 
to be hoped that the Government will soon .see their 
way to altogether abolish, or reduce considerably, 
the import duty on non-ferrous scrap, and also levy 
a much lower duty on import of virgin metals like 
copper, zinc, etc. 

Rajputana is rich in non-ferrous mines, of which 
the copper deposits of Jaipur and zinc deposits of 
Udaipur State are well known. The development of 
these deposits deserves an early attention. The 
Jaipur Metal Industries Ltd. is the first in India to 
be successfully manufacturing arsenical copper rods 
which arc required by the railways for locomotive 
boilers. 

MiCROFOSSlLS AND PROBLEMS OF SALT RANGE 
GEOLOGY 

Prof. Hirbak Sauni, F.R.S., since he delivered 
his Presidential Address to the National Academy of 
Sciences, India, at Hyderabad, in December iq 4;^ 
(vSec SciKNCK ANT> CiTi/rnKK, Nf)vcmber, 1044, p. iqg), 
has further evidences to put forward in sup])ort of 
tertiary age for the Punjab vSalt. In his Presidential 
Address to the National Academy of Sciences at 
Poona in December Iasi (Proc, Nai. Acad. Sc. Ind. 

i 944)1 Prof. vSahni discussed the results of recent 
investigations, rrobleiu of the age of Ihinjab vSalt 
has now received the serious attention of scientists, 
of geologists in ])articular. The presence of micro- 
fos.sils ill the rock salt and kallar in the salt mines 
of Khewra and W'^archha, which has been amplified 
and corroborated by repeated discovery of similar 
luicrofossils in dolomite and in the oil shales at both 
these places, is doubtless a simple and direct probf 
of a post-cambrian age for lliis series. Although a 
great majority of these luicrofossils (coniferous wood 
fossils) could not be referred to their genus and 
species, their repeated occurrence at widely different 
localities and. in different members of the series is a 
strong evidence against a Cambrian or a pre-cambrian 
age. 

In view of the greol practical as well as scientific 
importance of the problem, a field party deputed last 
>«iOvemher by the Geological Survey of India and by 
the Hurmah, Attock and Anglo-Iraiiian Oil Com- 
panies paid a special visit to critical sections near 
Khewra, W'archha and vSakesar to re-examine the 


field evidence in the light of the fossil data. Their 
unanimous verdict is that an eocene or later age for 
the Saline Scries is irreconcilable wdlh the field 
evidence and that the Series is Cambrian or older 
in age. In a letter to Nature (in the press), they 
(Coates, Crookshank, Gee, Ghosh, Lehner and 
Pinfold) have further .stated that they have at pre- 
sent no clear explanation to offer on the occurrence 
of minute plant remains of post-cambrain age in 
dolomites and oil shales, as discovered by Prof. Shani. 

Salmi's researches point very strongly to a 
tertiary age of the vSerics, .supporting the idea of 
Koken and Noetling that the junction of the Saline 
vSeries with the overlying jialeozoic beds is a tectonic 
one, involving an immense overthrust fault. 

Prof. Sahni's suggestion for research into pro- 
blems of stratigraidiical work in controversial and 
disturbed areas in general by microfossil technique, 
radio-active determinations, magnetic orientation of 
rocks etc. deserves careful attentiou. 

AGRICULTURE AND ANIMAL HUSBANDRY IN INDIA 

A pf.AN for the development of agriculture and 
animal husbandry in India, prepared by a special 
Committee of the Imperial Council of Agricultural 
Research (with vSir Pheroze Kharegat as its Chairman) 
and approved by its advisory board, has llu- 
immediate object of increasing production by 50 per 
cent in the next 10 years and ultimately by 100 pii 
cent in 15 years. This is not a post-war plan bui 
one which has been taken in hand in connection witli 
the ‘^Grow more Pood** campaign and will merge in 
course of time in post-war plans for general better- 
ment. 

A capital expenditure of Rs. t,ooo crores, jk ■ 
cording to pre-war costs, (on the basis of iircsent 
cf>sts, it is likely to increase to about Rs. 2,ocx) crortsi 
and a recurring annual expenditure of Rs. 25 crores 
arc provided. This amounts to an average tot.d 
expenditure of nine annas j>er acre per annum, when 
all the cultivable area has been broiiglit under culti- 
vation.* Out of over 6,00,000,000 acres of such area, 
nearly 25,000,000 are uncultivated or fallow. Tlic 
suggested production targets include to per cent 
increase in cereals, 20 per cent in pulses, 250 per cent 
in fats and oils, 100 per cent in vcgetable.s, 50 ])ei 
cent in fruit, 300 per cent in milk, and 300 per cent 
in fish and eggs. 

The aim of the plan is to provide enough food of 
the right kind for every individual and effect a higher 
standard of living. The plan thus put forward is not 
a complete scheme but only a skeleton as to the lines 
along which work should be undertaken and is 

* The Bombay Plan provides for an expenditure of 
Rs. 1,245 crores to acliieve an increase of . 130% in agricul- 
tural productions in 15 years. 
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meant for those who have to do the actual planning. 
Much of the work will devolve on Provincial Govern- 
ments, and the Centre can only help by co-ordinating 
and finding out part of the money. Thus, of the recur- 
ring expenditure of Rs. 25 crores, the Central Govern- 
ment would bear Rs. 2%. crores. This represents an 
average of less than one rupee per acre on the preseiu 
total area under cultivation or of less than twelve 
annas per acre, if the whole of the acre now recorded 
as cultivable waste can be brought under cultivation. 

The most important requirement from the point 
of view of the agricultural department is trained staff. 
\ scheme of intensive short-term training of agricul- 
tural staff has been suggested to the provincial 
< 'overnments, and arrangements are in hand to start 
training courses at the various agricultural colleges 
according to the needs of the provinces. Other im- 
portant points include both long and short-term 
possibilities c.g., the provision of irrigation facilities, 
Imnding and drainage, manure, improved cattle, im- 
proved seeds, and s])read of better methods of ciilti- 
\ation. 

Under manure, the plan estimates that 
million tons of nitrogen are reciuired annually. Pro- 
iluction can be raised by to to 15 per cent by the 
use of better seed, the best rotation crops and the 
laising of two crops instead of one. A seed farm 
should be set ui) in every district to produce pedigree 
ced and to arrange for their multiplication, storage 
ind distribution. 

There is scope for tractor cultivation, and some 
of I he prejudices against it are unwarranted. But the 
nsc of tractors and other costly mechanical cciuip- 
incnt implies large farms to be established through 
cillier co-operative farming or cons<didatioii of hold- 
ings, a reform long overdue. 

I 'or marketing, villages should be organized to 
Ik* co-operative, maintain (luality and sell the surplus 
produce jointly. The Govcrnmctit could help bv 
iUiaraii teeing to cultivators assured markets pro- 
mising a reasonable price. 

In cattle improvement, there is a need for im- 
proved methods of feeding, breeding, management 
and disease control. Surveys should be taken in 
hand for schemes for reclamation of waste lands and 
the maximum ultilizatioii of water resources. 

There now exists a big gap bctw’ecn scientific 
knowledge and its dissemination. It is suggested that 
every ieh^W and district should have an agricul- 
Uiral association, and every village a guide who 
" ill act as a link between the technical experts' and 

cultivators and will be the departmental corres- 
pondent for his village. The village guide Avill have 
lo he in knowledge, status and etpiipmcnt something 
more than a village chowkidar. 

It is further suggested that the Imperial Institutes 
o1- Agriculture and Veterinary Research should 


specialize in work of a fundamental nature and their 
programmes .should be co-ordinated with those of 
provincial research institutions and universities. 

Regional or provincial research stations for each 
commodity and experimental farms in each division 
are also recommended. That should help in spreading 
out scientific work and therefore knowledge. 

Central commodity research stations should be 
established, apart from cotton, jute, tobacco, sugar- 
cane, tea, coffee and rice (now about to be esta- 
blished), other foodgrains, vegetables, potatoes, fruits, 
medicinal plants, idanlaticm products, oilseeds and 
grasses. Of these rice, oilseeds, potatoes and vege- 
tables seem to be the mo.st imj>ortant at present. 
Kach such station should be linked ui> with an 
Indian central committee for that commodity and 
each central research station should be supported by 
the necessary regional research station and sub- 
station. Tile federal Council of Agriculture and 
Animal Husbandry should co-ordinate the work of 
the conimoility research >lalion. d'lic jilaii is now 
under examination by jnovincial < lOvernmciUs, 

INDIAN CENTRAL RICE COMMITTEE 

A lULL providing for the creation uf a fund to 
be expended by a corniiiittee specially constituted for 
the improvement and development of the cultivation 
and marketing of paddy and of the ]>roduction and 
marketing of rice and riec ])ro(liicts and all matters 
incidental thereto is now i)eiiding the approval of the 
Central Assembly. 

Introducing the bill, Mr ^iVson said that the 
funds for the ronnniltee slionld be provided by the 
levy of a cess not exceeding a rate of six annas i)cr 
ton on all paddy which is hulled in pow’er mills in 
I/ritish India. Only .ir per cent of rice produced 
in India was lirought to mills, and the cess worked 
out at less than one jiicc per maund or one anna per 
annum to each member of a rice-eatiug family. It 
was expected to raise Rs. :»4 lakhs a year in this Avay 
and this sum was twice the income of the Imperial 
Crmiicil of Agricultural Research. 

The bill luul been circulated to provincial Govern- 
ments, and all except Bihar had appnived them. 
Bihar stated that rice was not a valuable commer- 
cial crop and the cost of research for it.s improvement 
should be supported by ordinary revenues. That was 
the opinion expressed also by several members of the 
assembly who raised serious objections, and the bill 
was thus circulated for eliciting public opinion. The 
re-drafted bill will slnirtly be introduced in the 
A.ssembly. 

The main object of the bill is to ]Aut rice research, 
development and technology on a more permanent 
basis than it stands at present. The deficit produc- 
tion of rice in India, coupled with the increase in 
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])opiilation in the rice-consuming areas, can be 
balanced by increasing the acre outturn of rice, and 
this is only possible by intensive research in all 
aspects and making the results of sucli research avail- 
able to the rice-growers. As a result of the investi- 
gations of the Imperial Council of Agricultural 
Research and by the provincial agricultural depart- 
ments only 6 per cent of the rice area has so far been 
covered by improved varieties. 

The committee when constituted would utilize 
the fund to defray expenditure involved in (a) under- 
taking, assisting or encouraging agricultural, indus- 
trial, technological and economic research, (b) supply- 
ing technical advice to growers and owners of mills, 
(r) encouraging the adoption of im]>roved methods 
(*f cultivation and storage, {d) i)romoting te.sting, and 
distributing improved varieties of seeds, (c) aiding 
the control and destruction of insect and other pests 
and diseases of paddy and rice l>olh in the field and 
in storage, (/) promoting the imi^rovement of the 
marketing of paddy, rice and rice products, including 
the adoption of standard grades for paddy and rice, 
(jg) collecting statistics from growers, dealers and 
millers on all relevant matters and improving fore- 
casting of cro])s, Ih) maintaining institutes, farms 
and stations as necessary, and (/) doing of such other 
things as may be necessary for carrying out the pur- 
pose of the act. 

The conimitloc is proposed to be formed on lines 
similar to tho.se of the Indian Tea Cess Committee 
(1903), Indian Central Cotton Committee (rga.^), 
Indian I,ac Cess Coinmiltee ('930), Indian Coffee 
Cess Committee (1035) etc. The committee will in- 
clude representatives upto a maximum of 51 members, 
of which i/\ will re])resent rice growers, 14 the rice 
industry and trade, 3 persons nominated by the 
Central (Government and the rest forming the techni- 


cal officers of the provincial and central departments 
of agriculture with the Vice-chairman, Imperial 
Council of Agricultural Research as its President. 
The committee would start functioning before another 
rice season begins this year. 

In our opinion, while supi)orting the immediate 
formation of a committee to carry out the provisions 
of the bill, we would i)oiiit out that the committee as 
propo.sed to be constituted has no representatives 
either of the consumers or of universities or similar 
lion-official organizations. Further, rice being the 
staple food (and not a commercial crop), CGovernmenl 
should at least luovide half of the iiroposed funds for 
the committee thcrcliy reducing the rate of the pro- 
posed cess. 

JAYKISSEN MUKHERJEE GOLD MEDAL TO 
• MR D. N. WADIA 

Thk Indian Association for the cultivation of 
Science has recently conferred its highest award, 
the jaykissen ('old Medal, to Mr D. N. Wadia, lale 
of the (Geological vSiirvey of India and now mineral 
adviser lo the Department of Planning and Develop- 
ment, (Government of India, (hi the occasion of the 
award, Mr Wadia delivered a lecture on ‘India’s 
Petroleum Resoiuxes’ in the Association’s lecture 
hall before a distinguished gathering. A short 
summary of his interesting lecture will ajiiiear in 
our next issue. 

ANNOUNCEMENT 

\Vc are glad to inform that Mr. P. K. Dutt <»f 
the well known drill of Messrs. Adair, Dutt & Co., 
lAd. has placed a further sum of Rs. 5,000/- at the 
disposal of the Adair, Ihitt Research Fund C'om- 
miltce. The to'al sum U]) to date amounts lo 
Rs. 17 ,000/- only. 


SCIENCE IN INDUSTRY 


WEALTH FROM THE SEA 

Tuk difficulty of access to raw materials in laud 
has driven the scientists to seek them in the vast 
expanse of the air and the sea. This is particularly 
the case in times of global wars such as the present 
one. The German chemists tapped the resources of 
the air to prepare nitric acid needed for the manu- 
facture of explosives in World War I ; the Allied 
chemists are now extracting magnesium from the sea 
for air-craft construction to win World War II. In 
fact the economic importance of air and sea as poten- 
tial sources of indispensable materials is a new know- 


ledge brought on by the impact of war. In a note 
in The Scientific Monthly, January 1Q45, Dr A. M. 
‘Low, Britisli Cniisulthig Fiigineer, has given an 
account of a iiiimher of important chemicals that have 
been successfully and economically extracted from 
the saline waters of the sea, and of othens whose 
economic extraction, although not immediately 
possible, is likely to materialize in the near future. 
These substances include magnesium, bromine, 
pota.ssium, phosphorus, copper, iodine, arsenic and 
gold. 

The success attending the extraction of maguo- 
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sium from the sea has, however, been the most 
spectacular. jMagncsium chloride is present in sea 
water to the extent of i part in 800. Dr Dow who 
concentrates mainly on the progress made in llritain 
reports that two plants were built in Britain, handling 
u, 000,000 gallons or more of sea water every day. 
The water is pumped into the plant through large 
pipes, filtered and then jiassed to a tank where tho 
finest particles of insohilile matter arc removed. It 
then passes to preci])ilation tanks for treatment with 
finely powdered lime. In practice, a mixture of lime 
and magnesium oxide obtained by calcining dolomite 
is used ill place of pure lime. One plant in the 
V. S. A., it is reported, makes use of crushed oyster 
shells taken from the adjacent sca-bed and luevioiisly 
calcined into lime as a precipitating agent. Dime 
reacts with magnesium chloride dissolved in the sea 
^^atcr and produces niagncsium oxide in suspension, 
which is filtered off and subjected to well-known 
reduction processes to obtain magnesium metal. The 
extent of the progress in the extraction of magnesium 
during recent years may be realized from the fact 
that it now incurs a cost of le.ss than 20 cents a pound 
against $4 a pound 30 years before. 

Bromine is another element of which the sea 
ha[)peiis to be an imi>ortant source. It is present to 
tile extent of i pound in every 4,000 gallons. Bromine 
finds an iniporlant use in the manufacture of “anti- 
knock** fuel for which a lead compound dissolved in 
ethylene bromide is the key-substance. Its extrac- 
tion from the sea water calls for exact chemical 
iiicasiiremeiits, and iiielhods liave been so iierfectcd 
ill the U. S. A. that a single plant can now easily 
handle 60,000,000 gallons of sea water dail3^ 

Dead sea, with its estimated potash reserve of 
2,000 million tons and with tlic prospect of this 
amount being maintained more or less constant by 
the rivers flowing into it, offers a iiotciitial source of 
this substance. Methods of extracting potash from 
the sea are now available, but these recpiire further 
improvement before manufacture on a commercial 
scale proves economic. 

Oold is yet another element recoverable from the 
sea where it is prCvSent to the extent of one part in 
T,ooo millions. But even this amount far exceeds 
the (luanlity mined from the earth within the historic 
times. Search is going on for a practicable method 
^>f extracting gold from the sea as none exists up 
till now. But the diOlculty with gold is that as soon 
as it begins to be available in plenty gold is no longer 
Rold but lapses into an clement with certain special 
physical and chemical properties. 

CHARCOAL FROM INDIGENOUS KILNS 

Indian Forest Deaflet No. 56, issued by the 
horcst Research Institute, Dehra Dun, contains re- 


sults of investigation on the (piality of 37 species of 
charcoal obtained from different types of indigenous 
kilns. It is well-known that the factors which deter- 
mine the quality of charcoal are moisture, ash, vola- 
tile matter, fixed carbon and density. In determining 
these factors, sample from a particular lot was taken, 
crushed to a coarse powder and thoroughly mixed. 
A portion of this crushed charcoal was further 
powdered to enable it to pass through ()o mesh sieve 
and filially cleaned, washed and dried at the oven 
temperature of io5-u>o®C. The ash content, the 
amount of volatile matter, ftvcd carbon content etc. 
were then determined in the usual way, of which the 
results are indicated in a chart. It is found that the 
type of kiln and the selection of locality certainly 
iiiilueiice, though to a limited extent, the quality of 
the charcoal as far as it de])ends on these factors. 
The temperature at which the charge is carbonized 
is by far the most imiiortant factor in deciding the 
ijuality, and the general conclusion is that almost any 
type of kiln can i)roduce charcoal of good finality 
provided care is taken to carbonize the charge at 
regulated temperatures. 

POLYTHENE -THE NEW PLASTIC 

In a recent issue of Endeavour, Dr J. C. Swallow, 
of the Imperial Chemical Industries, gives an interest- 
ing Jiccoiint of polythene, the simplest synthetic 
thermo-plastic. Polythene is obtained by the poly- 
merization of ethylene under high pressure and is 
largely the outcome of recent researches on high- 
pressure chemistry. Although plastics containing the 
vinyl group were devxdoped previously, ethylene — 
the simplest of the series- could not hitherto be made 
If) yield anything except short-chain oils. The stiuly 
of the clfcct of high pressures on chemical reactions 
by Conant, Cohen and other Wfirkers opened a new 
lichl of investigation, which rendered possible the 
examination of gas reactions at pressures of several 
thousand atmospheres. The ai)plication of the new 
high-pressure technifiue has led to the polymerization 
of ethylene into a i)lastic composed of long methylene 
chains (Cno-CH2-CH2-CIIn-) of 1 units or more, 
which is polythene. 

The new plastic has a very low solubility in most 
organic solvents, which, however, increases fairly 
rapidly between 50 -70®!?. At ordinary temperatures 
hydrochloric and nitric acids and 50 i)er cent, caustic 
sod. I have no effect on it, but chlorosulphonic acid 
strongly attacks it. Above ioo®C, it is attacked by 
nitric .and sulphuric acids. O/one affects it, but only 
to a limited extent. At higher temperatures, poly- 
thene is oxidized in air, but oxidation can be alto- 
gether prevented by introducing anti-oxidants. 

On the physical side, polythene possesses crystal- 
line structure having orthorhombic symmetry. Its 
mechanical proxicrties bear close resemblance with 
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those of other polymers such as nylon, the vinylidene 
chloride polymers, and' the natural pifxlucts gutta- 
percha and balata. On the application of tension, 
I)olythene separates into two regions, draun and un- 
drawn, marked l>y definite shoulders. This behaviour 
under tension is of considerable scientific and techni- 
cal interest. The changes which occur when poly- 
thene is subjected to tension have been studied under 
polarizing microscope aiid by X-ray diffraction 
method and have revealed several interesting features. 

Industrial applications of polythene include its 
growing u.se as a dielectric in the field of electrical 
engineering and as a suitable material for various 
purposes in which chemical resistance is important. 
The low power factor and low water absorption and 
permeability have particularly recommended it for 
telecommunication cables. Its use as a possible in- 
sulant for high voltage cables has also been suggested. 
A number of Jiritish firms have already undcrtakei) 
to manufacture various types of high fre<iucncv 
cables with polythene insulation and submarine cable 
core iiivSiilatcd wi(h ]»olythcnc plasticized with poly- 
isobutylene. 

Large flawless mouldings and tubings have been 
made out of polythene by at>plying the technique of 
extrusion moulding. Kxtrusion moulding which 
consists in injecting the plastic by means of an ex- 
trusion machine has been possible with j^olylhenc, 
since above its melting point it is a lic'uid which can 
be conveniently ])umped at com [)ara lively low 
pressures. Polythene i)Owdcrs and films have alsr» 
been prepared for specific uses. 

NON-DRYING IMMERSION OIL 

The Review of Scientific histnimcnls, August, 
1944, reports the development, by the Fisher Scien- 
tific Company, Pittsburgh, of a non-drying micro- 
scope immersion oil which may be used in place of 
cedarwood oil for high magnification work. The new 
oil has the same refractive index ( r '5150 ± 0*0002) 
as cedarw'ood oil, but has a number of distinct ad- 
vantages over the latter. It is nnicli less corrosive 
inasmuch as it has an acid number of 0*2 as against 
60 for the cedarwood oil. It docs not attack glass 
or metal parts of objectives or Canada balsam, for 
does it affect the polished surfaces. I'urther, the new 
oil remains 'wet* for a much longer time and can 
be readily removed w'ith a piece of cotton or cloth 


when the objective or slides require to be cleaned. 
I.oug standing and exposure to air do not change its 
refractive index. 

There arc two grades of the new oil, one with 
high viscosity and the other with low viscosity ; their 
other properties are, however, identical. The heav\ 
oil which has nearly the same viscosity as cedarwood 
oil is suitable for ii.se at liigher tcmiieratures or for 
instruments used in lilted or horizontal position. Fo: 
ordinary uses, however, the light oil may be pre 
ferred and, if necessary, the two grades may be 
blended to obtain a grade of any desired viscosity. 

LATEX-BEARING PLANTS OF INDIA 

K. Budiiikaja, Uubber Chemist and R. Beri of 
the Forest Research Institute, Debra Dun, have 
suinniarized the results of their investigations on the 
indigenous sources of rubber, in Indian Forest Leaflet 
No. 70 (1944). They have examined 150 latex 
samples, covering six families, and 46 species with 
a view to discovering the possible, rubber yielding 
woody plants in India. With tlie exception of 
Cryptosicfiia and i flora (sec vScii:nck AND CuJ.TUKi , 
Vol. X, Pp. 200) none of the sj)ecies have been foniul 
to contain high proportion of caoutchouc with pro- 
porlionalely low resin, l)Ut a few species, e.g., lain- 
(juintim (Dichopsis) clUpticum, Madhuca {Bassim 
latijolia, Ficus glomeratu, Wrightia tinctorial Tabei- 
naemovtana Jieyneana, Wrightin tomentosa and 
Poinsettia pulcherrima, though they have high resin 
content, have also 15% or more of rubber and mighi 
therefore, find some use where rubber contc^nl of 
more than io-3t)% is not rccjuired as for example, in 
code wire insulations, jar rings, floor covering.-, 
ground .sheets, coating to rope soled shoes, adhesives, 
etc. espc‘cially on dilution with pure rubber. 

The ijamphlet in addition not only gives an 
account of the history of Ficus clastica, and If even 
brasiliensis, but also remarks on the important 
sources of natural (commercial) rubber from Partlu - 
nium argentatum (C. >S. A.), Taraxacum Kok-saghy: 
(U. S. S. R.) and Landolphia Kirkii (S. Africa) at 
the present lime. The latter are neither indigenous 
to India nor they grow in countries from where the 
rubber could be made available to India. 

Following the standard method of analysis the 
rubber and resin content in the latex of the 
samples investigated are given in a tabulated form. 
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RUBBER YIELDING PLANTS 

(iKORGK T. VKRGHICSH ntid G. T. KATJ- 


|3 UIIBER is (Icfitied as tou^li, clastic substance, 

so named because of its ability to rub out pencil 
marks. It is not known i)rcciscly who named it, or 
when it was named. The diversity of source's, clime 
or country, and the development of manufacturing 
processes made little difference to this basic name. 
It was called “India Rubber” because it was first 
obtained from a country which Coluinlnis tlioiii^ht 
to be India. It was called “Fine Tara” (pronounced 
as ‘Pah-ralF) and “l^ara Rubber^ after the city in 
Brazil, Tah-rah* from where rubber has l)een 
obtained in large (luantities. Such trade names with 
different prefixes sometimes indicate the source of 
the product. Thus, African-, Madagascar, Lagos-, 
Ire’-, or Silk-, from iMinlumia (Kickxia, PJiuiic) or 
I'untumia elasiica, Stapf, or Landolidiia, Beaur ; 
Bolivian-, Columbian-, and Virgen-, from Sapium P. 
Br. ; Borneo-, from W'illughbeia, Roxb ; Ceara-, from 
Manihol glaziovii, Muell.-Arg. and Maiiicoba-, from 
other species of the same ; Chilte-, from Cnidoscolus 
spp. ; Central Aincrican-, Panama-, Mexican-, or 
\\est Indian-, from Castilloa, Cerv. ; Ekanda-, from 
Rapliionacme ulilis ; Mangabeira-, or Bernauibuco-, 
from Hancornia speciosa, Games-, Indian-, from i icus 
rlastica, Roxb ; Mgoa- from Muscarathasia cUislicu, 
K. Schi. ; Potato- from Euphorbia rhipsaloidcs . 
'riiina-, from Loranihaccac , spp. ; and so on. These 
rubbers arc generally classified as ‘‘Wild Rubber”. 
Rubber is also called Caoutchouc (French), supposed 
to be derived from the original South American word 
“Cahuchu”, meaning weeping tree. Other languages 
have similar sounding names, for example, Kautschuk 
(German), Cauccio (Italian) Caucho or Cauchuc 
(vSpanish), Kauchuk (Russian). 

The early history of Hevea rubber is well-known. 
Rubber was known and used in the New World and 
Southern Asia long before it was re-discovered by 
Imropeans. In this connection the names of Colum- 
bus (1493-1507, Second Voyage), Petro Martyre d* 
Anghiera (1521), Salahan (1529), Oriedo Y Valdez, 
(1535), Tordesilla (1601-15), Jauii de Torquemada 
(1615), and finally Marie de la Condamine who led 
the first expedition of the Academy of Paris 
( 1 735-1 751), are often cited. During the 125 years 
after the date mentioned last no work of any signi- 
ficance was done on the subject, and it re<iuircd the 
initiative, sagacity and foresight of the scientists of 
Colonial Power to send an expedition in 1875-76 
conducted by Henry A. Wickham (later Sir Henry 
Wickham) and financed by the Government of India. 
The growth of. rubber plantation industry in Ceylon, 
hidia, and the Far East can be traced to the genero- 


sity of the India Government assisted by the Kew 
(hardens. The names of the Manpiis of Salisbury, 
then Secretary of vSlate for India, Sir Clements 
Markham, Sir JosLqfii Hooker and Mr Cif)ss are 
worthy of mention in this connection. Wickham 
proved a very lucky and successful collector of seeds, 
and out of the 70,000 seeds he sent from a table land 
ill the upper Amazon Valley to Kew, 2,7cxj germi- 
nated ; as the foundations of the tro])ical and sub- 
tropical agriculture were being laid at that time, 
2019 seedlings were sent to Ceylon, and thence to 
Singapore and elsewhere in IVIalava a year later, and 
then to Coonoor Instates in S. .Malabar, and to 
Periyar Estate in Travancore. vSome of the original 
trees are said to be still existing at Peradciiiya in 
Ceylon. **Aux grands hommes la patrie reconnais- 
sanie*, and it was an exceedingly fortunate accident 
that Sir Henry Wickham lived long enough to see 
the enormous expansion of the fruits of the early 
experiment of collection and trans-i)lantation. He 
died in 1930. 

Though natural rubber is generally obtained 
from the latex of plants, not all the latex-bearing 
plants are rtibber-yielders. Plants containing rubber 
occur in a number of very diverse natural orders : 
Euphorbiaceae, Moraceae, Compositeae, Asclepia- 
daccae, Araceae, Sai)otaceae, Ai)ocyaiiaceae, Alis- 
maceae, etc., (Appendi.x 1). The latex, either white 
or coloured, is i>rcscut in si>ecial tubes or cells of the 
tissues in .several or all the organs of the plant. 
Many latices do not contain rubber or allied sub- 
stances, and it was believed till recently that the 
latices obtained from plants in cold and tc'inperate 
/ones were especially lacking in rul^ber. According 
to the various reviews and articles appeared on the 
.subject the number of jilants from which rubber has 
been obtained exceeds 400. In tlie present article it 
is intended to deal with, besides Ilcvva brasiliensis 
Mull.-Arg., the world’s chief source of plantation 
rubber for the past several years, a few rubber plants 
Avhich have attained i)rominence in recent years. 

Hevea brajnliensis ^lull-Arg., as a rubber yiclder 
has displaced not only all other species belonging to 
the great family of Juiphorbiaceae, but on account of 
the excellence of its rubber and its easy response 
to scientific methods of cultivation and manufacture, 
has come to establish itself as the king of rubber 
l>lants. Hevea (pronounced as Heev’ea), as its 
specific name indicates, is a native of Brazil and is the 
source of the best coutchouc (“Pah-rah” rubber). 
Its habitat falls within 10 degrees of the equator, 
and it thrives best in hot and humid climate up to 
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an elevation of about 1500 ft. above sea level. The 
average temperature that favours its growth is about 
8o®F., and the average rainfall about 80 inches per 
annum. Attempts were made with some success to 
grow it in rather dry climate, and also at elevations 
of about 2500 ft. above sea level. Hut growth under 
these conditions was slow, and yields were poor. In 
favourable environment the trees grow to about 
50-100 ft. in height, and about S-io ft. in girth. 
They have smooth ])etiolate, and deciduous leaves in 
clusters of three. 'I'he deciduous nature of the leaves 
is mainly controlled by the i)recipitations, and the 
trees ‘Svinter'* losing their dense foliage. Both male 
and female flowers are fonnd in the same inflorescence, 
the axes of the latter being terminated by female 
flowers which are less uumerons than the male ones 
on the same i)anicle. The androccium has two 
whorls of live sessile anthers each. The gynocciuin 
consists of a tri-locular ovary with three style-less 
stigmas. In the East the fertilization has been found 
to be ])oor and defective. The fruit has a fleshy 
tissue oil its outside, and when this gets dried up, 
dehisces violently w'ith a loud report, shooting out 
its three seeds. The seeds are rich in an oil which 
does not appear to have been fully c.xploitcd. The 
presence of oil in the seeds is taken to be harmful 
to their germination after exposure for two months. 
The seeds are therefore jilanted either directly in the 
field or ill nurseries as soon as ])0ssible after the 
harvest. The land is cleared and drained or bunded 
if necessary, and marked into square* or rectangular 
plots and the seedlings are iflanted at a divStaiice of 
about 10-50 ft., which depeiiels on the fertility 
gradient of the soil. Cover crops to serve as shade, 
and to prevent erosion have also been used. In the 
first few years, inter-crops of coffee, cocoa, tobacco, 
sesame etc. are .sometimes planted. Another practice 
is to plant 180-300 trees per acre, and after tapping 
for the first few years to thin these to half the 
number. Hevea seems to respond well to manures, 
especially to nitrogenous and phosphalic fertilizers, 
and to certain ca.scs to lime. So far, no major insect, 
fungus or virus disease has been found that could 
not be combated succc.ssfully, but it is the constant 
fear of the llcvca plantations whether a disease may 
not some day appear in an epidemic form which 
might ruin the ]>lantation industry. This was 
actually the case of the Dutch Cuiaua plantations 
which were finally given up on account of a virulent 
fungoid disease of the leaf. 

When the girth of the tree i.s about 24" at a 
distance of about three ft. from the ground, which' 
usually takes place about s-7 years after planting, 
the tree is tapped either in the herringbone fashion 
or in V or IJ style by means of gourge or cutting 
knife, as for instance the Michie Gollegde. Care is 
taken to see that the incision reaches the inner 


cortex containing the laticiferous tissue, without 
damaging the cambium. The tapping as a rule is 
done in the mornings either according to half- 
spiral-alternatc day system, or double-half-cut-in-3- 
days system, or on every week-day (Saturdays and 
vSuiidays excluded) in alternate months or fortnights, 
or giving the trees any other proper recouping 
periods. On the other hand, during periods of emer- 
gency great strain may be put on the lapping pro- 
cess, and slaughter tapping, increasing the breadth of 
the incision and the niimber of tappings may be 
piractiscd. There is considerable variation in the 
yield of rubber from individual trees not only on 
account of their varying capacity of producing latex 
but of the rubber content of the latter w'hich is found 
to change with the soil, and the topographical situa- 
tion and the .season as well as the age, and the 
hereditary makc-iij> of the tree. Better yields are 
obtained by suitable .selection of seeds ultiiiiatch' 
aiming at the production of “Super** trees, and by 
vegetable propagation especially l)ud-grafliug, aided 
by special care of the wounded parts. The world *s 
acreage under iievea cultivation is about 2,000,000 
acres. In India the acreage is about 140,000 acres. 
The i)re-war production of llcvca rubber was in the 
iieighbourhood of 1,000,000 tons. Of this, Tiidia*s 
(luota w'as about 16,000 tons. 

The llevea latex is a milky wdiite fluid having 
a dry rubber content of about 30 per cent. Of this 
2’5-3 per cent is re.sinous matter. The rubber is 
marketed either as preserved latex or as solid rubber. 
The latter is available in tw'o different grades, smoked 
.sheet and crepe rubber. The preservative most com- 
monly used for latex is ainiiionia. Aixirt from 
normal latex (with a dry rubber content of about 
30 ijcr cent) concentrated latices ui)U> a D.K.C. of 80 
per cent are available. I^atex is slightly co.sllicr than 
solid rubber because of the charges involved in the 
transport of large bulk of fluid. 

llcvca rubber possesses very good processing 
properties as also a wdde range of applications. Thu.s, 
iti plasticity, adhesion and cohesion, vulcauizability, 
and general workability, it is found to excel all other 
types of rubber. Also in elasticity, tensile strength, 
corrosion and abrasion resistance, it compares favour- 
ably with other grades of natural and synthetic 
rubbers. In this connection it is interesting to note 
that in spite of the great advances made by synthetic 
rubber in recent years, Hevea rubber has still re- 
tained its .supremacy in the fields of processing ami 
utility. 

Castilloa {or Castilla) elastica Cerv., has along 
with Hevea, established itself for the past several 
years as an important source of plantation rubber. 
Its history can be traced back to Jaun de Torquemada 
who described in his book “Monarquia Indiana” 
(Madrid, 1615) a substance called “Ulei” prepared 
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by Red Indians from a tree known as ‘‘Ulaquahnir* 
or “Ulequahnir* or “Ule” and which was used by 
them in medicine, and in water-proofing textiles. 
This tree has not attained much importance from the 
point of view of plantation industry, but the rubber 
obtained from it has successfull}" compared with other 
rubbers. Due to the extensive natural adaptation of 
the tree new' tracts containing “I He** have been 
found and exploited in central America, Brazil, 
Amazon region and tlie territory bordering on the 
north, as w'ell as in the Andes. 

Castilloa, which belongs to Artocaq^oideac of the 
Moraceae family, attains the same size as Tfevea, but 
its branching habit is characteristic. The branches 
bearing short-stalked, siinide, distichous leaves 
measuring sometimes upto a foot in length grow 
almost hori 'oiitally wdth a slight droop towards the 
ends. The older branches fall off, and the newer 
ones develop obli(iiicly u]>\vards leading ultimately to 
the formation of a crown. The monoecious flowers 
are found on separate fleshy recet)taclcs surrounded 
by imbricated bracts forming involucres. The re- 
ceptacles do not, however, close completely as in 
many other plants belonging to the family. The male 
inflorescence has flower consisting of straight 
Stamens, but having no perianth. The female in- 
florescence bears flowers having calyx and a uni- 
locular ovary surrounded by a thin style divided into 
two slamiiiiferous convoluted branches. The fruit is 
a drn])e with a pulpy hull which dries up almost com- 
pletely at maturity, and contains a small seed rich 
in oil which, as in the case of Hevea, does not appear 
to have been exploited. 

For obtaining rubber tlie trees arc completely 
felled and slaughtered. As a result of this many 
districts which abfumded in Castilloa arc now devoid 
of it ; but as tiientionecl above the adaptation of the 
tree to central American climate is so great that the 
si)ecies is in existence. In central America the trees 
are not fcdled, but tapped by means of horizontal or 
inclined cuts. The rubber obtained from this tree is 
inferior to that of Hcvea. The climatic conditions 
suited for the growth of Castilloa trees are the same 
as those of the Hcvea tree ; and as the Hcvca trees 
yield a riil)ber of better (juality, the cultivation of 
the former is found to be unprofitable. Further dis- 
advantages of Castilloa are that the yield of rubber 
is low and the wounds made in the trees by tapping 
heal only with great difficulty. 


Another important source of rubber is Manihol 
Claziovii IVTiill., discovered by the French botanist 
fdaziovii near Rio de Janerio, and later described and 
named after him by Mueller in Martin’s Flora Brazi- 
liensis. The tree is found widely distributed round 
Ceara (hence the name “Ceara rubber”), Rio Grande 
^lol Norte and Parahyba. Some seventy species of 


Manihot are said to be found in Brazil, though 
systematic chemical and botanical investigations on 
these arc rather scant. It would appear that a si)ccies 
other than M. ('rlaziovii was cultivated in Soulli 
America, and was well known in San Paulo and S. 
Brazil, but it was not bolaiiicallv identified, nor was 
the quality of the rubber examined for a long time. 
Other Manihot rubbers are “Jc-iuie** obtained from 
M. dichotoma, “Manicoba de Sao Kranci.sco*’ from 
M. heptaphylla, and “Manitoba de Piaiiliy*’ from 
M. Pianhyensis, but M. (ilaziovii is generally con- 
sidered to be the only one of economie im])ortance. 

The ManihoL is an isolated representative of 
Adrianeae (Crotoiioideae) of the natural order Fuphor- 
biaccac. ilf. GlaziovH, is a tall tree, having a girth of 
r-.^ ft., and starts branching even from a height of 
^ ft. from the ground level. The leaves are simple 
petiolate, and have the characteristic of being “hand- 
shaped” with .V7 “fingers”. Male and female flowers 
are found on the same inflorescence whk'h is a simiile 
terminal spike or raecmc. 'Phe male flower is smaller 
than female, decandcrous with stamens usually erect 
and has a star-shaped nectary at the hase. The tri- 
locular ovary of the female flower carries three re- 
curved fringed stigmas. The fruit is a capsule and 
splits on drying, its walls crumbling to pieces in the 
procx‘ss. The seeds are small, chirk and slightly 
flattened. 

M. Glaziovii, although raciM out by ttevea, 
l>ossesst!S certain points of vantage which cannot be 
overlooked. It is a tree of granitic land, high and 
low', reyiiiring mui*h less moisture than Ifrvca, and 
as such it can be prtifitably used to extend to some 
extent the rubber-producing /one. Mcaeovor, it does 
not deplete the Soil as rapidly as does llrvca and it 
has the ad'led advantage of yielding rubber even after 
i years* growth. I'speriem'e in Tanganyika seems 
to indicate that the tapping life of the tree can be 
prolonged over a iiuiiiber of years by the judicious 
use of the tapping teclmiijuc. Altogether, if the same 
care of cullivatioii, selection, breeding and tapping 
are bestowed upon this tree as on the llcvca for im- 
proving the yield and (|iiality of rubber, it doom not 
seem unreascuiable to belieNc that it will give pro- 
f table returns in certain parts id’ India (South) and 
in cjther places where labour is cheap and conditions 
are unfavourable to the growth of llcvca. 

The lap])iiig of Miniihot is <hme much in the 
^aiiie usual way. In V.. Africa a special method is 
employed. The bark is first coated with a coagulent 
for latex, and the upper i)ortion is then tapped. The 
late.x that flows out gels coagulated in the form of 
strips. The coagulated strips are then rolled into 
balls. 

The quality of the rubber is inferior to that of 
para rubber. The resin content is rather high, and 
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the cost of production is also a bit high. The latex 
may be coagulated as in llie case of Hevtn hy means 
of dilute acids and salts. 

Ficus clastira, Roxb. ; although this rubber is 
now classed under “WikP* rubber it was with this 
tree that the AvorhVs iirst rubber plantation was start- 
ed ill 1^60 in Assam and in 1S61 in Java. The tree 
and its rubber-yielding i)r<)i)crty were rediscovered 
accidentally l)y Rnxburgli iii Assam, and hence the 
names “Assam Rubl)er“ or “India Rubber’* have 
been as.signed to it. 

It is a stout handsome tree (Urticaceae, sub-order 
Artocarpeae) which usually commences growth 
epiiiliytieallv and often reaches an enormous size. It 
is found in the damyi forests of the base of Sikkim 
Himalaya, Assam, Hurma, Rerak, and, according to 
Weight, now cultivated in most parts of South India. 
It is met with in Iuiroj>e as a iniiiv ornamental plant. 
In Germany it is grown as a home tree, under the 
name of “(bimnii baum”. In its native climate, how- 
ever, buttress roots which spread out in all directions 
over long distances are found to develop. The trunk 
is massive, often several feet in circumference, and 
has a comparatively smooth bark. As with many 
other Ficuses, the branches give off adventitious roots, 
which grow downwards and strike root on reaching 
the soil. The leaves are entire, oval or oblong, 
leathery and glossy. The species is characterised by 
its rosy coloured, enormous stipules that protect the 
bud and by unisexual (lowers contained in a fleshy 
globular common receptacle open by a narrow mouth 
at the top. W’hcn the male and female flow^ers arc 
not in separate receptacles, the former arc at the 
mouth, and the latter oecui)y the rest of the cavity. 
The male fleu’ets are moiio-adclphous and the female 
ones have oblong ovaries, each wu'th its curved style 
and large stigma. 

Although all parts of the plant contain latex 
which is said to yield about 30 ])er cent by weight 
of rubber it is not surprising to see that such a tree 
failed to be a successful plantation crop. The main 
reasons for htis failure are the C(miparatively small 
number of trees which could be ydaiited per acre and 
the slow growth of the tree. 

The tret*s are usually tapped by horizontal or 
slanting hatchet cuts generally about 10-20 cins. long. 
The yield of rubber is found to be high during the 
first ta])i)ings, but it dwindles rapidly as the tapping 
is contitnied.* The slow vigour of the tree reflects 
also in the long perif)d.s of rest rc(|nircd. These factors 
hastened the overthrow^ of Ficus by the Herea and 
the Martihol varieties. Tn India there Avere about 
9,500 acres under Ficus plantation in 1934, but this 
area has ct)nsidevaMy decreased during the last few 
years. 

Ficus rubber contain'^ more resins than the 


Hevea rubber, and is in no way equal to the latter 
in quality. The latex is not coagulated by acids, and 
is stable to inechanical treatment. The latex will 
coagulate spontaneously on exposure, the particles 
uniting to give a soft, resinous rubber. 

Among other “Wild” rubbers are included those 
obtained from Rickxia (also called Funtumia), 
various species of Euphorbia, Landolphia, and 
Clilandra, Mascarenfiasia, Hancornia, Frccola, etc. 

Parthcniuni argentaium has of late assumed im- 
portance as a .source of natural rubber in America. It 
is the (hiayulc (pronounced as “gwa-ec-oo'-lay” or 
“\vee-oo*-lay”) of the drier parts of northern Mexico 
and Southern vStates, and is said to be one of the 
few non-tropical sources of rubber. It belongs to the 
Compositae family which is generally regarded as 
occupying the highest position in the vegetable 
kingdom. Guayule is a lowly, woody, stubby shrub, 
seldom more than two feet and a half in height, 
growing wild on the linie.slonc slopes covering an area 
of about 20,000 sr|. miles in Nm-thern Mexico, 
vSouthern Texas, Arizona, and xVcav Alexico, where 
the annual rainfall is about Q-15 inches, and the 
summers are long, hot and dry. Its silvery leaves 
give it a desert ic, dusty appearance. The plant does 
not ])Ossess any special syvStein of latieifcrous tubes, 
but rubber is secreted in the form of small granules 
in special cells in roots and steins. The root con- 
tains ns high a pert'cnlago of rubber as the stem, Jiiid 
represents 45 per cent of the total rubber. 

Gn account of the individualized and isolated 
latex cells, the guayule does not yield late.x on 
tai)]>ing. The wk.ole plant is pulled out, roots includ- 
ed, chopi)ed up, and ground in water, and the float- 
ing rubber is skimmed off by mechanical means. The 
wild jdaiit of which the yield averaged about 8 per 
cent of (he dry weight remained for some time re 
fractory to modern methods of cultivation and breed 
iiig. Kxpcrimental work on the cultivation 

Guayule was carried out at Salinos and California 
some twenty \ears ago, and thanks to McCallum of 
the University of Arizona, the elTorts at acclimatiza- 
tion and improvement of the plant b\' selection led 
to fruitful results. Among other things it was found 
that the soil for Guayule should contain a good per- 
centage of the trace clement : boron. The yield of 
rubber from the iini^roved strains is 22 per cent of the 
dry weight, and the bearing age of the plant has been 
brought down from To-20 years to 2-4 years. If the 
jdant is not harvested after 2-4 years, its life-cycle 
may extend up to 40-50 years. 

It is rather strange that although some 20,000 
acres are devoted to guayule plantations in various* 
parts of the U. S. A., Argentina and Chile no regular' 
plantation industry seems to exist in ^lexico. ’ 
is probably due to the abundant wild supply 
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Factories for guayule rubber were started in Mexico 
about 40 years ago, the first one being at Torreon, 
w'ith a capacity of a million pounds of wet rubber 
per month. When it was found that the wild supply 
was in danger of l^eing exhausted in about 1 7 years, 
the Cloverumeiit introduced special legislation, and 
issued permits for harvesting only the mature i)lants 
ill order to ensure a constant annual pnidiiction of 
10,000 short tons of guayule rubber. 

Ouayule rubber contains about 16-20 per cent 
resin, and when de-resinated compares favourably 
with the best Hevea rubber. As an emergency source 
of natural rubber the guayule rubber is said to be 
unrivalled. Also the cost of production has been re- 
ported to be very small, because the 1 Wanting and 
harvesting operations arc mainly carried out by 
niachincry. 

(iutta-percha and Balata . — These names are 
applied to the gums obtained from the latex cells of 
('crtain plants belonging to Sapotaceae family, paiii- 
rularly to the Palaquium species, r.utta-percha is 
o!)tained from the islands in the ^^alayan and 
Philippine Archiiielagoes. This is also cultivated in 
Tava. The natives of Malaya call it “Pcrcha**, and 
‘TUitta*’ is the Malayan word for gum. 

Gutta-percha was first introduced into Europe by 
Tradescant in the middle of the T7th Century. It 
was then known as “Plyablc IMazer XA^ood’*, Nothing 
further was known about this plant till 1843 when 
it was re-introduced into Europe. In 1845, according 
to the suegestien of William Siemans, it was used 
for insulation of cables. Eater on, it was used for 
water-proofing, and for making surgical goods. A 
large number of trees are commercially exploited for 
the production of gutta-percha. The particular 
species from which the original gtitta-percha was 
obtained was the Isonandra ^utia. 

Balata is obtained from certain species of Mima- 
generally found in the Guianas, Vcne/.ucla, 
Trinidad, and surrounding regions. Balata is in many 
respects similar to gutta-percha. 

The rubber is generally extracted from the 
mature leaves. The leaves are ground mechanically, 
the ground material is heated to about 7o^C. for a 
suitable period in hot water with constant stirring, 
mid the hot mass is then transferred into a large 
volume of cold water when the gulta that floats on 
the surface can be skimmed off. The yield is about 

per cent, calculated on fresh leaves. 

For obtaining balata the early practice was to 
fell the trees, and then collect the latex by making 
incisions at several points on the stem. But in certain 
I'laces like British and Dutch Guianas, the trees arc 
generally tapped, and the coagulation of the latex is 
brought about by allowing it to ferment for 2-3 days. 
5 


Extraction methods for obtaining rubber have not so 
far been found successful. 

Until recently the gutta-percha iiiarkcl was con- 
trolled by Chinese merchants, and they used the gum 
for the purpose of adulterating better (jualilies of 
rubber. But at present the genuine material is 
obtained from two plantations, one in Java, and the 
other ill Malaya. Commercial guttapercha contains 
about 1 0-60 per cent of resins, mainly albaiie and 
flauvilc i)resent in the ratio of about 2:1. Balata also 
contains the same resins as gutta, but the ratio of 
albanc to flauvile is 2:3. 

Cryptostej^ia j^randiflord, K. lir. (formerl\- known 
as Ncrium y[randiiloriim Roxb.) and C. }nfiddgas(ari- 
i nsis were known as rubber-yielding plants for the 
last hundred years or so, and a crude rubber was pre- 
pared from them and exported on a small scale under 
the name of Palay rubber from Africa and Madagascar 
whicb are supposed to be their real home. These are 
showy, Howeriug twiners which were intrcKluced into 
various countries during the latter half of the last 
century. They are now commonly seen as ornamental 
crecjicrs on hedges, verandahs, trellises and in gardens 
in the U. S. A., in Central America and in India. 
These plants are found even in a wild slate in certain 
localities in this country where it has well adapted 
itself to the climate. The frantic search for rubber 
created by e.xigencics of war in recent years resulted 
in a re-discovery of these plants, and they are now 
regarded as the (piickest growing plant producing 
high-grade rubber. 

The C ryptostcgin or Ci yplo-vint' belongs to 
Asclepiadaceae but in vegetative habit is like Apocy- 
naceac with which it was formerly confused. It has 
simjdc, opposite, deep green, glossy, coriaceous deci- 
duous leaves. Its large pale pinkish purple flow’ers 
are either solitary or in di- or tri-chasial cymes. The 
essential organs are complex. The stamens and stylo 
are n.sually united to form a gymnostegium, the 
anthers and the stigma being concre.sccnt. Pollina- 
tion takes place by the translator mechanism. The 
fruit is a pair of conical, triangular follicles, and the 
seeds are numerous and crowned w'ith tufts of silky 
liair for wind dispersal. 

Vigorous attempts are being made at large-scale 
cultivation of the vine in suitable localities in this 
country as well as in k'lorida, the Bahama Islands 
and especially in Haiti where some 65,000- 
acres were already planted to the crop up to last year 
and the plantings were expected to reach a total of 
ioo,<:x)o acres in the course of ig44- The carefully 
selected and treated seeds are gcrininateil in nurseries 
and then transplanted in the open at the rate of about 
4,otX) plants per acre. The vines are grown in hedge- 
like rows and after a year’s growth when a sturdy 
root-system is developed latex can be collected in 
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bamboo tubes or troughs from the sh(X)ts of which 
the tips have been clipped off so as to let the latex 
drip in. Latex may also be collected by tapping 
older trunks which may attain a diameter of 5-P 
inches. Tapping done every two days docs not seem 
to affect the vitality of the plant. Rubber is obtained 
also from the clogged ends of clipped shoots. 
is present in leaves and .stems and severe pruning will 
yield both these without injury to the adult plant. 
Claims have been made that mature plants may 
yield about .150 lb. of rubber per acre and that one 
man per acre can easily harvest the crop. 

The latex obtained from the most i>roniising of 
the plants of C. grandiflora contains about it ‘8 to 21 
per cent of dry rubber depending upon locality. 
ITiilike Jfevea late.x, the Crypfostcciia latex when 
treated with acetic or other acids in any dilution fails 
to produce a good coagulum and a clear scrum. The 
acidity of Cryptosiegia latex is al.so higher than that 
of the Hevea latex. As the result of elaborate experi- 
ments conducted on the coagulation of the latex 
obtained from C. grandi flora, it has been fotind that 
addition of sulTicient (piantity of water to the latex 
causes coagulation, about 10 to 12 volumes of water 
being required for this purpo.se. In (juality Crypto^ 
stegia rubber compares very favourably with the 
Hevea rubber. In fact it has been reported that 
Cryptostegia rubber can be used even for high grade 
inechanical rubiTer if all the processes from coagula- 
tion to smoking arc carefully controlled. 

The U.S.S.R. have recently become much 
interested in rubber-yielding plants and organized 
some thirty botanical expeditions to ransack her vast 
territories and find native sources of this important 
raw material most of which she Tiscd to import lill 
recently. Tn these e\j)cditioTis flora of the Pacific 
shores at Vladivostok and Sakhalin, south-west to the 
Crimea and north to the Arctic Circle was studied 
covering some [00,000 species. About 5,000 plants 
were carefully anrdysed and tested, of which many 
were found to contain small «iuan titles of rubber. In 
one expedition led by Rodin, unidentified species of 
Taraxacum was found in the valleys of the Ti.ui- 
Shan mountains in the Republic of Kazakstan iu 
Russian Central Asia, of which the roots contained 
rubber. This was the famous Taraxacum kok- 
saghyz, (Kok meaning roof and saghyz ''to rhevv’M, 
so named because of its l)eing used as a sort of chew- 
ing gum by the Kirghiz and Kazak tribes in 'furke- 
stan. Other Compositae of interest w’^ere Scorzoncra 
iau-saghyz atid the kyym-saghyz, Taraxacum hyher- 
num, Ster. 


I/ike other Dandelions, the kok-saghyz is a low 
shrubby plant with a thick perennial primary root 
crowned by a very short sympodial stem. The root- 
system keeps on growing in the frozen ground long 
after the leaves and stem have been killed by the 
frost. The rubber is contained in the laticifcrous 
tissue of the plant, especially of the roots which even 
wdien they are dry show elastic threads, on breaking. 
The floral mechanism is of the usual type of the 
family and show^s the final autogamy clearly. 

In 1042 RUvSsia is reported to have planted sonu- 
2,000,000 acres of its dry land with this rubber plant. 
The seed is very small and requires pre-treatment for 
a high percentage of uniform germination. The crop 
is harvested by digging the roots in 6-12 months 
One year old roots yield up lo‘ 7*50 per cent of dry 
rubber and this percentage is being raised b' 
.systematic selection and breeding, and the use of 
fertilizers. The idant is being tried also on tlu* 
experiincntal farms in the IT. S. A., Canada, Alaskjg 
Chile and Argentina and more than 18,000 lb. of tlu- 
roots have been harvested from the first experimcnla! 
idnntings in the IT. S. A. In Montana the yield w:in 
e.sliniatcd at 4500-5000 lb. of roots or 45-55 lb. of 
rubber i>cr acre. The yields obtained in America 
seem to he higher than the average ones obtained in 
the dry regions of the U. ( 3 . S. R., but the areas 
where the kok-saghvz thrives seem to fall within tin.- 
su.gar-bec.t zone. Tn Canada the yields obtaiiu'ii 
varied enormoii.sly, from 1600 to 8 too pounds of rfH^t^ 
per acre. 

Thus we sec how the early rubber plants hch )(.*<! 
to develop the plantation industry in the tropin] 
regions and how' the co-operative efforts of bolani‘M^' 
and chemists arc revealing unsuspected sources of 
this strategic raw matc'ial. A number of plants in 
different countries were found to produce rubber 
containing latex, but owing to want of application r,\ 
the modern tcchni(|ue of the improvement of plant ■. 
have fallen in the background. The American itkI 
Russian examples have shaken the old belief lliat 
plants of the temperate belt were incapable of pro 
dnciiig rubber and that rubber plantations could lx* 
established only in the tropics. They have puslied 
the rubber-growing zone northwards to snch a point 
that countries habitually dependant on foreign snpf)l\ 
may well pick up an incentive to seek self-suffictene\ 
ill nif)her. It is clear enough that the era of explor.i- 
tion should continue in the post-war world, the age 
of hopes and promivSes ; and then, botanists, plant- 
breeders, plant physiologists - scientists whose worth 
to a nation is so often unappreciated until a niaioi 
crisis occurs will be none too many for the ta.sk. 
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Name 


Xnlural flrdi*r 


Trnde Name 


Ilahitril 


3. 

4 . 

fy, 

il 

7 . 

s. 

10 . 

11 . 

12 . 

1.^. 

11 . 

I:^. 

10 . 

17 . 

’■S. 

10 . 

X). 

.?!. 

22 

Al. 

JI. 


;s. 

J!l. 

U). 

il. 


■(). 

11 . 

• 12 . 

1 . 1 . 

1 - 1 . 

1. -. 
• 10 . 
47 . 
-IS. 

11 *. 

^0. 

'1. 

52. 

54. 

51 . 

5.5. 
50 . 
.'7. 

5.5. 
50. 
00 . 
1 ) 1 . 

02 . 
0 . 1 . 
04 . 


Achras Sapota I/. 

Alstoiiia Diirkluniiiiinui 
Amarjot 

Argcvxonc mcxUana 
Tileekrodia ionkencusis 
C'aloiropis proccra 
C. acia 

Carica papaya 1/. 

Carpodluus landolpUiodCi^ 

C. uni flora 
Castilloa costaricana 

C. claslica <'erv 

C. lacHflua 
C. micoycnsis 
('. panamcnsis 
C. IJIei 
Clnysothanmus 
Clitandra elasiica 
la uri folia 
('. nznude 
C. orientalis 
('. Simoni 
Citidoscolus 

('ryptostcy;ia gi and i flora k. Hr. 
C. madagascarcnsis 
Ihiemia R, Hr. 

Hycia s])p. 

I>. Coalulaca 
n. LowH 

ICcdysantUcra cainbodh'itsis 
It. Godcfroyana 
/C. lincaricarpa 
micraxitlia 
E. OuUilareii 
1C. founiieri 
ICapho rb ia anliifnoruin 
1C. d racnncu Ionic. s 
IC. fiilva 
E. gcniculata 
IC. grandidcn\ . . 

IC. hirta 
IC. intisy 
IC. ligularia 
IC. nerii folia H. 

IC. niviilia 
IC. pirahazo 
E, pulchcrrima 
E. rliipsaloides 


IC. lioylcana 
E. tetragona 
E. Tintcalli I,. 

E. triapigulari.s 
Ficus habu 

E. clasLica Roxb. 

F. hispida 

F. hypopliaea 
F. infect oria 
F. nekbcdu 
F. palmata 
F. Pr eusii 
F. rigo 

F. Schlechleri 
F. Supfina 
F. Vogelii 

lyrsteronia fioribiinda 
Flint uniia clast lea Stapf., or Kick. via 
tica Blume p.p 

(hmogrypta Grevei 


Sapotaciv'u* 

.•V])o('yiiiircaf 

I';»p;»v(‘iact‘:i(* 

.Mor:u*eiU- 

.\sc)L-i)ia(lncea<.- 

M 

C'aricaceae 
Ajkkv iiaccai* 

Mf)r;ireai‘ 


C'omp^l^^ila^ 

\p<u*vna(H*ai- 


l{npliorbiarca»‘ 

.VscUpiadarcar 


Vp< icviiati'.K' 


riiii-Ic 


Hjipliorbiaceai' 


^foraeoat* 


clas- 


Apoevnaronr 


I'alao aiiiatillo 


(>r lUM'nlra 


.Mui'idiiio or lOilain 
nil iluM' 


Karel or Kambiiuri’ 


I’aiiam.i inMu-i 


(.‘audio 
Crvsil rubbef 


Hlai’l; (.‘oii.yi) 

(.‘Iiillt. iuMht 
Hull biro 

ji hiiuiiv, or Hur- 

IV' u or roiiti.'mak 


j ( eiilral .\iiieri« a 
I X(‘\A’ (. aKMi<)i]i,<£ 

I ronicul .AuiLrica 
‘•'tiuii iiKio-aiiiui 


(^‘aiiierooiis 

^"''la kli'a 
l^-iilral AiiienV.'i 
M'-xin) 

H'o.sla R{r:i 

Haiiaiiia 

Ania/oii 

Wcslcrii n. S. i\ 

Jvuiy Coa.st 

‘l'r()pic!d .V/ric.a 

aiiieruuii.s 

XorlJj Central .Am 
Iropjtv.l AfnV-y. 

•'iada;,M'a-M- 

Hui iKi) 


Ii.do-ciiijui 

» * 

Hnrina ” 

'•'••nili In.lu-Chiiid 


Afe-Kieo 
S. VlVica 


■'b'ltla^a.scar 

-Mailajy^ascar 

^ladagasear 

Aii.i^ula 


S. \frica 
Natal 
S. Africa 
bel.i^M'aii I'oui^o 
As.sam 

Duldi X. (biiaiia 

Bfli^iaii Congo 

Caiiiarooii.s 
British (riiiaiia 
New Caledonia 
Dutch X. Guiana 
W. Africa 
Iropical America 


Silk Riiblver or Ha.u'u.s 
or Irr^ rubber 
Komnilro 


Africa 

Aladaga.scar 
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N.aine 

Natural Order 

Trade Name 

Habitat 

68. Ileplopappits 

Kupliurliiaoeae 


We.sL U. 8. A. 

r»<). Hevca BenihaniUitui ... 

,, 



N. Ania7X>ii 

70. //. bra'iHioi^is 

it 

Para Rubber 

Amazon 

71. //. ^nyanvnsh 

12. Ifolanlit'mi niii intt'iaiilhi i\i 

Apocynaceae 

>* 

I’iri piri 

II 

German K. Africa 

l^. U. antiilvsenti'rica 






74. llaficornia apccio.sa (lonii/ 


Saiilo.s or Kio vSlieet.s or 

S. and C. America 

7ri. Ichmuarpus . . 


Afairnalieira Rubber 


76. /. xantJtoyolax 

9'ui)horbiaieae 



Dutch New Guiana 

77. Jalwplui cnrcus 




78. ./. yossypifolUi 

(See Funiumia elaslica) 




19. I\ickxia clj.'itica 

80. LaniiolpUia braclcata A. iM-w . . 

Ap(K vnaccae 

II 


West .Africa 

81. L. canioreui^i.'i Beiilli. i‘l Ilnok 

,, 

.\friean ru])ber 


82. L. capcusis Oliv. 

,, 


83. L. i ras.^ipt s 

)• 

Finj^^otra 

Afadagascar 

84. L. Paii'ci 




Fast Africa 

S5. Pnn)yinaH:>iLHhi 





86. L. fiu^inicHa 

M 



Belgian Congo 

87. L. floridu Hciitli. 

M 

— 

Madagascar 

88. /-. (H'utilii 

,, 

Re<l Ka.s.sai 

West Africa 

89. L. licndclolti . . 

»• 

— 

Belgian Congti 

90. /.. liispidula 




VV^\sl .\frica 

91. L. kiliinaudjinica 

.. 

— 

Madagascar 

92. L. Ivirki/ 

,, 

_ 

hhi.st Africa 

9vV /v/UflH'/ 

M 



Hast .Vfrica 

94. />. / ccomtci .\. IK w 

,, 


Belgian Congo 

95. /.. iiuida K. Solium. 

,, 



West .Africa 

96. L. madayasiaricusis 

M 



^ J 

97. L. A/un/z Dvor 

,, 




98. L. Michelinii Itonlli. 

»» 



J, 

99. P. Oii'ancnsis 

M 




100. /.. parvifolio 

»• 1 

Muteke 

Rhodesia 

101. /.. I'cnii'fi 


Piralahv or Majunga 

Madagascar 

102. L. Pidciaiaua 

” 

noir 

Fast Africa 

103. L. sency;alcnsis f).C. 

M 


West Africa 

104. splnicroiarpa 

• 1 

Reiabo 

Madagascar 

105. /.. .^lolzii 

• • 



F^ast Africa 

KXi. .subhirb/Ha/u Slaiil. 

,, 


West Africa 

107. / . I'holloHii 

.t 



Africa 

108. tomcntosa A. Drw 

,, 



West .Africa 

109. Traunii Sailel) 

KHpluirliiat'eae 



rguiida 

110. iMudolphia uyadrn^i.'^ 

” i 



111. U. IliitsoH/aiifl 

'■ i 



Hast Africa 

112. Lriiconolis 




Indo-Malay 

113. Loranthaccac l.•l)|). f) 

ApiKViiai’fae 

Thiiia rubber 

Bahia 

114. .yaiiihot diilioioiua ... 

i 

jTquie 

Cearu, Rio del Norie 
Parahyba 

115. M. (llaziovii Miill.-Ar,;. 

! 

Ceara 

116. hcptaphyUa 

i 

Manitoba <k* 

San Francisco 

Bahia 

117. M. piaithyaisi.', 

• • ! 

^fadagascar 

118. Mascarenluisia aiboft’ns 


Manivoba ile 

119. elaslica K. Sell. 

„ 1 

(kiidroa 

liasl Afrkui 

120. Ai. laceolalii 

,, 

Mfifoa rubber 

Madagascar 

121. Ai. lisiantUiajloiii 

,, 



122. A/, ina H gore n. sis 

,, 



123. Micrcchiics liaHloiti ... 

,, 



Indo-Cliina 

124. A/, napeensis 

Caclaoeae 



125. Ncritiin ‘udoruni 

Apocviiaceae 



126. (hiciiioiis tiirta 

• I 


Belgian Congo 
America 

127. Opuntia 

Ldiiipositae 1 


128. Panwicrid barbula 

Rupliorbiaceae | 

Riibber-ltke sub. 

Burma 

129. P. philipphu’Hsis 

Asclepiadaceac j 


Philippines 

Mexico 

130. Parihcnium argeniaimn ... ... i 

.Apocynaceae | 


131. Pedilanlhus tilliynudoides ... j 

Aselepiadaceae i 



132. Peri pi oca ca nark' it sis ... ... , 

.Vpocyiiaceae ! 



Belgian Congo 

133. Pirabariuin diudo 

1 


F'rench Tndo-Chiua 

134. Plumeria alba 

Kupliorbiaceae 1 





135. Kaphionaciue ntili.s 

1 

— 

Angola 
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Name 


Natural Order 

Trade Name 

Habitat 

136. 

Rhynchodia H'allichii 

1 

"■ 1 

Bupliorbiaceae 

• Rkaiida rubber * 

llurina 

137. 

Sapiiim spp. 



1 

S. America 

138. 

S. biglandulosuw 

i 

>» 

i Caiu'lio blancri 

Colombia 

139. 

S, insigne 



, 

Tndo-Malav 

140. 

S. Jenmani 




Hr. (Tiiiana 

141. 

5. tapuru 



; 

Amazon 

142. 

S. Thonipsoni 


Conipositae 

; 

Colombia 

143. 

S. vernum 



j Colombian or \'irgi*n 

Amazon 





1 rubber 


144. 

Scorzonera krim-saghyz 


.A.sclepiadaceae 


C. vS. S. R. 

145. 

S. tau-saghyz 

... i 

Leguniiiiosae 



146. 

Secamonopsis madagascaiir iisis 



I — 

.Madagascar 

147. 

Soja Max. 



Vahiinaintv 



148. 

Synedeniitm grautii .. 



N ore pol-ru bber- like 

- 





.substances 


149. 

Tabeniaetnontana coiohUc . . 


Apocviiaceac 



l.-O. 

Thevclia ncriifolia ... 

• • ! 


1 


1.51. 

Urceola acluoacumhiaio 

1 


vSeparui 

Indo-Malay 

1.^2. 

U. brachyscpala 

i 




153. 

U. clastica 


l« 



1.S4. 

U. esculenta 

• • j 

M 

— 

Rnng<x)n 

155. 

(J. malaccensis 

... 1 

1 1 



Malacca 

156. 

U. Alangay i 

1 

91 


, Indo-Mal.'iy 

1.=.7. 

U. pilosa 


9 9 

-- 

' Iloriieo 

158. 

Vallaris Heynvi 


9 9 


Tndo-AIalay 

159. 

WUlughbcia firma 111. 


91 


* — 

1()0. 

IVrighiia ihicloria ... 


91 


Java, Sumla 

1(U. 

Xylinabarh Royuodi 



— 

Iiido-t'hina 

1(12. 

Zca Mays /.. 


1 Oramiiieae 

RuV)ber-like sul>slam‘es 

i 
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MEDICINE AND PUBLIC HEALTH 


FOOD CONSUMPTION LEVELS IN THE UNITED 
STATES, CANADA AND THE UNITED KINGDOM 

This report issued by the United Slates War Food 
Admiiiistration was prepared by a special Joint Coin- 
niittee set up by the Combined (Ani>lo-Aiuerican) 
I'ood board in May, ig43, as a guide for the Board 
:iihI other governmental agencies in the allocation of 
1<kh1s in short supply. The Board instructed the 
Coiniiiittee to consider and compare the pre-war, 
l>iesent, and prospective food consumption levels of 
the United States and United Kingdom. Canada 
was also invited to participate in the inquiry and 
''iibseciuently accepted. 

The work of the Committee fell under two main 
lieads : vSupplies and Distribution, which involved the 
collection of such material as the total disappearance 
hgures for food in each country, ration allowances, 
extent of employment and intensity of labour, distri- 
bution among con.sumer groups in different areas and 
flitTerent income groups, waste and losses occurring 


in the process of distribution, etc. ; and Nutrition 
and Health, which dealt with the comparative 
analyses of nutritional needs of populations, deter- 
mination of the nutritive content of tlie per capita 
food supiilies available in tlie different countries, and 
an evalution of the effects of dietary changes that 
have taken place or which might be reciuired. 

This rei)ort gives information on h)od supplies 
for civilian consumption in the three countries in 
194,^ and in the pre-war period for each (ig.H to 1938 
for the United Kingdom, 1935 to 1939 for the United 
States and Canada). Part I deals with the general 
liroblems involved in such a study and the methods 
adopted, the actual comparisons of consumption levels 
being presented in Part II in three sections : Com- 
parison of Nutrient Supplies and their Relation to 
Re(iuirements ; Commodity Supplies in Relation to 
(General Dietary Needs (by food groups and by indi- 
vidual commodities) ; and, finally. Trends of Supplies 
( iq 4 o -’43 and forecasts for the period July, 1943 to 
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June, 1944). Supporting data are presented in a 
number of charts, tables and appendices. 

TUBERCULOSIS IN THE ANIMAL WORLD 

Sydney f Gordon Tippett, (The l^etetinary Jourtial, 
June, 1944) basing bis thesis on wide experience and 
investigation as medical siiperiiiteiident of an impor- 
tant saiialoriuin in (iieat Britain, recommends that 
steps be taken to get animal tuberculosis under 
control, it being clear that human tuberculosis can 
never be controlled unless the disea.se is first con- 
trolled ill the animals with which man comes in con- 
tact, and upon which he deiiends for a part of his 
food. 'I'he disease must be attacked among cattle 
swine, and fowl. Both veterinary surgeons and 
doctors have contrary ideas as to dangers of the 
bovine tuberclo bacillus, notwithstanding that the in- 
fection among children runs high as a consequence 
thereof. While bone and joint tuberculosis is more 
frequently of human origin, yet it is apparently not 
realized that the drinking of raw cow’s milk fre- 


(luently sets uj) fatal and criiipling forms of the 
disease in children. Nineteen percent of urino-genital 
and i6‘6 per cent of tuberculosis meningitis have been 
found to be of bovine origin, and the largest per- 
centage of cervical and abdominal tuberculosis in 
children inidcr live years of age is traceable to cow’s 
milk. One cannot expect the general public to 
uiulerstaiid the dangers of tuberculous milk until the 
medical profession itself becomes unanimous on the 
que.stion of eliminating the tubercle bacillus from the 
milk supply. There is no ground for the belief that 
ingesting small numbers of tuberclo bacilli has 
significant or lasting immunizing effect. The only 
method of making raw milk safe is by complete 
eradication of l)ovine tuberculosis, as was done in 
the Channel Islands and the Itnited vStates through 
the systematic resort of the tuberculin test. Quoting : 
“For a real effort to control tuberculosis in human 
beings, the medical i)rofessioii can thus learn from 
the veterinary work in the place of waiting until 
the X-ray shows distinctive disease of the lungs. . . 


PROCESSED SOYA BEAN IN BALANCING INDIAN DIETS 

1). K. CHATTKRJb:n:. 

CAU'UTTA 


gEFORI* actually proceeding with the vScientific 

considerations of the nutritional value of .soya 
bean, it will not be out of place to outlay the history 
of our food requirements and their subseciueiit deve- 
lopments. This may help ns to appreciate the im- 
portance of balancing our ordinary diets. 

Food has alway.s jdayed a very ]>rominent part in 
the mental and physical progress of mankind. In the 
Dark Ages, when mystries of growth, development 
and sustainaiice were not scientifically revealed to the 
cave man, his choice of foodstuff was mainly guided 
l)v animal instincts. That is why in course of the 
struggle for survival during his wild existence, the 
primitive man’s food requirement was similar to that 
of wild animals. When this instinct w^as superseded 
by discrimination for taste, the choice became varied. 
This variation in the old and uni form food habit was 
perhaps mainly responsible for the growth of differ- 
ent inclinations and faculties in our ancients and thus 
the effects of food on the formation of body and 
mind came to be know^ii. All these led the more 
scientific minds to formulate theories on food value 
and confirm them in practice. 

The entire process of dietic evolution and the 
corresponding human progress mav be summed up 
as follows : 

Tired of their monotonous diets of raw’ flesh and 
scorched meat, the huntsmen of Stone Age were 


moved by instinct to taste the vegetable and other diets 
of changed nutritional constituents (which might haxc 
acted on the series of slumbering cells of the brain). 
This change in dietary seems to be, to a considerable 
extent, responsible for driving them from progress u> 
progress, promoting in them the urge for constructirm 
and preservation, as well as developing in them an 
anesthetic sense--the kev rules of an organized social 
life. 

To-day, scientific inquisitiveness has ably cstii- 
blishcd that from an epoch of high protein diet in 
carni\'orous age, the world has drifted to this period 
of scientifically calculated feeding, w^hich demands ot 
us that our food reiiuiremeuts .should be balanced in 
accordance w'ith the demands of body and mind. 

Recent advances in chemical and biological 
science make analysis and S3mthesis of our require- 
ments possible. Accordingly, nutritional reciuirc- 
ments in terms of chemical con.stituents have been 
formulated by science, but social habits, taste craze 
and environmental factors influence national diet 
menu. 

Thus W’ith reference to the consumption of pro- 
tein, the German schools advocate a liberal protein 
allow’aiice. But Chittenden and Hindcnhcde in 
Denmark cried for limitation. Fischer, Cassel, 
Osborn, Mendel, Hopkins emphasize the quality. 
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To settle this difference in opinion, various 
scientific centres undertook study of high concentra- 
tion of protein on organism. The data obtained 
favour the view that high protein level does not exert 
any unfavourable influence on the kidney. 

In case of fat, there also exists a great difference 
in opinion. According to many 45 to 6 (j grams of 
fat is quite sufficient, whereas others favour 50 i)er 
cent more. 

Tlius the (lilTeience of opinion is always there as 
to the (luantitalive and qualitative nature of th«* 
dietary constituents, but there is no difference of 
Opinion as to the low nutritive value of an entirely 
carbohydrate food, made more injurious by the pre- 
sence of cellulose and fibres, which are assimilated 
only with the greatest difliculty. 

It is in this that we face nutritional disaster, as 
tlie average daily diet in India consists mainly of 
carbohydrates in one form or other. This practice is 
rcs]>onsible not only for a low level of our idiysical 
cfliciency but has also at the same time disturbed llie 
rythmic etpii librium of organic secretions which play 
such an inqxn'tant part in the harmonious Imildiiig 
lip of projKntionate bodies and balanced minds. Only 
a regular su|.>ply of balanced diet preserves the 
secretive e<iuilibrinm and lielps the normal growtii. 

Unbalanced dieting, either due to iiiefficient 
knowledge of nutrition or due to perpetual economic 
difliciilly, leads to the disturbance of the rythmic 
phase of organic function with the result that patho- 
logical conditions .set in. 

The following is a comparative study of the coii- 
siitueiits of the ill and well balanced diets published 
in the Health lUilletin No. of the Govennneiit 
of India : ■ 

VI Balanced Pil l Well Bala}iccd Inci. 


I’rotein 

. . 'S L;ni 

7.t wills. 

Hat 

.. 

74 ■ „ 

Onrbohytirali* 

... .^65 ,, 

408 .. 

i^'alories 

1750 

2590 

Calcium 

... ()ir> 

102 ,, 

I’liosphorus 

. . O-fiO 

1-47 „ 

Iron 

V'ilamins 

9 00 iiignis. 

44 mgins. 

A (I. U.) 

500 

7000 

n, (1. U.) 

100 

400 

c 


170 nigms. 


I'lie Hulletiii finds, the standard of diet under 
Group I to be of a very low nutritional value. We 
kave ourselves constantly seen that the poor in India 
lives on a diet, whose Protein, Fat and Vitamin con- 
stituents are even less than lialf of what has been 
tabulated in Group I. While it is not difficult to 
understand what the condition should be of a coiii- 
niunity sustained by such a poor diet, the plight of 
the average Indian is beyond all description. It may 
be suggested that much of the physical and mental 
backwardness of a section of the Indian people is 


due to a poor food selection. While introducing 
soya bean as an ideal balanced diet for Indians, we 
shall try to deal with the traditional as well as the 
scientific nature of the nutritional coiistilueiits in 
soya bean. 

The traditional inclination of the Indian people 
i.s directed towards vegetarian diets. But recent 
scientific observations of experts show that an en- 
tirely vegctal)le diet can h.ardly meet the require- 
ments of our body and mind. The great sages pres- 
cribed vegetarianism for people of India. This is of 
course against the prci^enl scientific trend. As a 
solution to these contradictory theories of past and 
present sages, we feel inclined to introduce soya bean 
as the missing link. It is of vegetable origin but 
possessing most of the favourable properties of an 
animal diet. 

While dealing with the scientilie nature and the 
subsequent laboratory treatments to render soya 
bean more suitable as a nutritive factor, we shall in- 
clude ex])erimental data, bolli chemical and biologi- 
I'al, ill confirmation of on»* line of work. 

The food value of soya beans centres principall>- 
round its contents of high ])erceiUagc of quality pro- 
tein and linsatiiralcd fat, besides vitamins and 
minerals in a high degree. These have secured for 
soya bean a very exalted jiosition in the list of natural 
foodstulTs scientifically rceonimeiided for human use. 

Publications which are already extensive often 
nientiuii the role of soya Iieaii in making hliiz krieff 
possible for ('ernianv and Ja])an. More than once it 
lias lieen mentioned that Chinese labourers are hardier 
than their colleagues in any i)arl of the world thougli 
their ctist of living is niiieh lower than that of their 
friends elsewhere. 

On Hie other hand, there have been several 
publications, both .scientific and popular, regarding 
the difTiciiIty in digestion of tlie protein of soya bean, 
and this takes away much of its value. 

This led us to serious thinking, and a series of 
experiments on the digestibility of soya bean pro- 
tein were conducted. In course of these experiments 
we found out some structural peculiarities in the 
linkage of the amino-acids of the soya protein. This 
unusual linkage system might be considered as the 
main agent of difliculty in iligestion. Once these 
linkage systems are eliminated, the digestion iin- 
meiisely improves. 

Before coming to the more complicated portion 
of soya bean protein structure and its influence of 
digestibility, we shall state our analytical results. 

Aiialv.sis was done on soya beans collected from 
different sources and varieties. Tliis need not be 
dealt with separately in this paper. On analysis it 
was found that the ([uantity of protein, fat and carbo- 
hydrate varied according to the variety of seeds, but 
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not much diflPereiice was observed in seeds of the 
same variety collected from different sources. 

From our analysis, we came to the conclusion 
that “mammoth yellow lar^^^e” seeded variety of seeds 
^vown in Assam and Tista Valley, Darjeeliiift-, were 
found most suited for nutritional purposes. 

Here, as we are dealing uith soya bean in its 
dietary value, wc have entirely confined ourselves 
during experimentation to the mammoth yellow large 
seeded variety. The following are the findings of 
our laboratory investigations: 

Soya h(’(ui f^rolcin : 40 l^cr cent. The total 

protein content ranges from 38 40 per cent. The 
bulk of this protein consists of globulins. One frac- 
tion constitutes more than 00 i)er cent of the total 
globulin, separated out of a ro per cent sodium chlo- 
ride solution by ammonium sulphate at 55 per cent 
saturation. The rest of the globulins did not separate 
out till the saturation of the ammonium sulphate was 
pushed to 66 per cent. The first portion of the total 
globulin responded to the physical and chemical tests 
of glyciiiin, whicli has often been mentioned as the 
principal protein of soya bean. The portion that 
sci)aratcd out at 66 per cent saturation of ammonium 
sulphate, did not ])rovide us with any definite nomen- 
clature though most of its characteristics were 
similar to those of phaseolin. 

The niamnioth yellow large seeded varidies 
ahva.vs contained traces of albumin. In one parti- 
cular variety obtained from Darjeeling, we found 
about .^*75 per cent albumin present. But this parti- 
cular variety being no more available to us, we had 
110 opportunity to confirm this result. In course of 
our general analysis, wc observed that the percentage 
of albumin in deep colour varieties is higher than in 
paler varieties. Along with these, proteose which is 
soluble in water could also be detected. It is 
assumed that .soya protein, specially glycinin, is pre- 
sent ill the seed in the form of glycinatc of alkaline 
earths, as well as with alkaline earth pho,sphatcs. 

The soya iirotein is completely dissolved in 
alkali, this base combining capacity of soya bean pro- 
tein is iicrhaps due to the excess of dicarboxylic 
amino-acids not help in amide linkage. 

On analysis the following ainino-acids and their 
(|uantity were obtained: — 

(r) Glycine — i*t%, (2) Alanine — 0,^0%, (3) 
Valme--o'.S3%, (4) T.eucine— 7%, (5) Proline—4%, 
(6) Phenylamine — 5%, (7) Asparatic Acid— 3%, (8) 
Olutamic Acid *18%, (0) Serine— 1*25%, ( to ) Tyro- 
.sine- 2%, (it) Arginine — 5%, (12) Histidine- -1*25%, 
(13) Lysine — 3%, (h) Tryiitophane — i ' 72%, (15) 
Cystine- 2‘25%, (16) Ammonia — 2%, (17) Methio- 
nine (possibly) Traces. 

. In course of isolating these amino-acids, we had 
to adopt different processes of hydrolysis. Trypto- 
phane was our greatest ♦'rouble, as it broke up com- 


pletely during acid hydroly.sis. Hydrolysis with a 
varied strength of acids and alkalies gave us the 
above results. Wc observed that most of the amino- 
acids of soya i)rotein had a tendency to permeate 
into one another and was liable to produce incon- 
sistent results. The above results were confirmed b\ 
more than one tests. 

Results of analysis already published in other 
places are not in entire agreement with our results, 
but we have worked with the Indian seeds and this 
iiiaj' account for the differences. 

Denaluration and coagulation. ~Vn\ikQ animal 
proteins, the so\"a protein coagulates and denatures 
at a temperature above 100® and in presence of 
moisture. Prolonged boiling in water results in 
dehydration of the protein. The denatured protein 
contains less total nitrogen and more hydrogen and 
oxygen than the original protein. The iso-electric 
range also becomes less wide. Denatured soya protein 
has higher viscosity. 

The nature of digestive activity also changes in 
denatured protein. During denatnralion, a struc- 
tural alteration takes place which leads to a re- 
arrangement of the linkage of the sulphur atoms of 
the molecules. Raw soya bean protein gives no 
colour with sodium nitroprusidc in presence of 
ammonia. But denatured protein gives a strnn;; 
magenta pink colour, showing that the sulphvdrvl 
groups have been released during the change. Tlii 
change in colour served us as an indication in 
detecting the denaturation of the soya bean protein. 

Digestibility . — As the question of the dige.stihilii} 
of soya protein hsrins the nucleus of our discussion, 
we shall try to ded with it somewhat in detail. 

In course of our experiments on analysis In 
en/.ymic hydrolysis, w? were struck by the con.sis- 
tency with which almost an equal amount of residue 
appeared every time, and we observed that tlii" 
residue was not being acted upon by any of the pro- 
teolytic enzymes even under favourable conditions. 

We altered conditions of hydrolysis by changing 
concentrations of acid and alkali, by changing con- 
centration of the en'/.ymes, by changing the nature oi 
enzymes and also by changing the sources of ori.cjn 
of the enzymes. Wc observed that the.se altercfl 
conditions brought about a change in the velocity of 
hydroly.sis as well as in the rale of liberation of 
amino-acids but the proportion of unatlacked residue 
remained the , same. Further we observed tkat 
(a) this particular portion of soya bean protein whick 
could not be acted upon by enzymes remained 
ojgically stable, uhile the rest of the iTrotein under- 
went racemitation under alkaline conditions, (b) tki^ 
portion of soya bean protein again exhibited a vei} 
strong affinity to an azonimii base of the type of 
safranine, and (c) from this portion as well, a few 
piparazines were isolated by reduction. 
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This led us to postulate a theory on the complex 
nature of amino-acid linkage of soya bean protein. 

Marston accepts the safraninc reaction as indica- 
tive of the presence of diketopiperazine rings. Further 
1)11 reduction of the two carboxyl groups of dikclo- 
piperazine ring with sodium and alcohol, a few 
piperazines were obtained. We believe that niethyl- 
piperazine isolated was i)roduced by the reduction of 
glycyl-alaiiine anhydrides, originally present in the 
liydrolysate. 

yCHj XHv^ yCU, NHv^ 

CO C 0 ->CH 2 CH, 

\ NH CH / \ NH - - CH / 

I I 

CH, CH, 

( Uycil- Alanine Methyl piperazine 

Positive colour reactions for diketojiiperazines 
were also obtained with picric acid, alkali and /;/- 
diiiitrobenzcne. 

Oxamides were readily isolated after oxidation 
nf tlic jirolcin hydrolysate, and this was obtained in 
excess of the amount, that could be accounted for 
hy the liuantity of glycine present (the only peptide 
iliat yields oxamide under conditions employed in 
glycyl-glycine) . 

All these reactions and indications convinced us 
of the presence of diketopiperazine rings in the 
unacted portions of soya bean protein. We stispected 
formation of diketopiperazine rings in the protein 
hydrolysate by secondary conden.sations from the pre- 
viously liberated amino-acids. Accordingly, further 
cxi)erimeiits were continued by avoiding all the 
favourable conditions of />H and temperature which 
helped Emil Fi.scher and Abdcrhaldaiie to synthesize 
diketopiperazine rings. We even went further, and in 
some of our experiments, we did not allow the 
hydrolysis to advance sufficiently in order not to 
encourage the usual liberation of amino-acids (of 
i-ourse the control was not very rigorous) so that the 
chance of any .secondary condensation was minimized ; 
hnl even then the colour reaction of diketopiperazine 
rings was positive as before. 

This experiment certainly favoured our assump- 
tion that diketopiperazine rings were present in the 
protein of soya bean and that they were not the 
outcome of a secondary reaction. 

lly applying Forbe’s method, we achieved a 
reparation of the proteins according to their linkage 
and structure. The entire lot of purified i)rotein was 
combined with dye stuff sufraiiine bjut the dye stuff 
remained in stable condition with only about one 
third of the total quantity of protein. Separation of 
eoloured and uncoloured portions of the protein was 
'lone as far as practicable and afterwards the colora- 
fion was removed with butyl alcohol. Chemical tests 

6 


of these two protein portions gave the following 
results : 

1. W^hen attacked with nitrous acids, the portion 
that did not combine with dye stuff evolved nitrogen, 
while no nitrogen evolved in dye-stuff-combi ned 
portion of the soya bean protein. 

2 . I'he portion of protein that was purified from 
the dye-stuff combination remained optically stable, 
while the portion that did not combine with the 
dye-st u ff racei n ized . 

Most of the colour reactions for diketo- 
piperazine rings were positive with the fractions that 
combined with the dye-stuff but not so in the case 
of uncombined portion. 

From the results obtained we pro])osc to say that 
though the principal linkage of amino-acids in the 
total soya bean i^rotcin is of polypeptide character (as 
per definition of Hofmeistcr and I'ischer), there 
exists as well another important type of linkage 
correst)onding to Abarheldcn’s dikeloi^iperazine ring 
type. We also i>resumc from the data obtained that 
these <likctopipcrazine rings were originally present 
in tlic seeds and not formed from secondary con- 
densation <Iiiring lu'^drolvvsis. 

The presence of cHkctopipera/.iiic rings in the 
l>rotein of soya beans clearly explains the cause of 
the difficulties in its digestion so often coinimmicated 
through publications. 

Attempts were made to hydrolyze these diketo- 
I)iperazine rings by different proteolytic enzymes but 
results have been almost negative. A vcr.v slow 
hydrolysis was observed in the case of activated 
trypsin and this we think falls under the classifica- 
tion of Matsui and Ishayama, who claim that diketo- 
pi])orazitics with free carboxyl groui)s were very 
slowdy split u]) by activated trypsin. The hydrolysis 
was so slow that the f)rogrcss was almost imj>cr- 
ccptiblc. \\\‘ neglected the issue in our final con- 
clusion . 

A second factor wdiicli is more mechanical than 
chemical in character was also found to interfere in a 
considerable manner with the digestibility of soya 
bean protein. 

We have found that most of the vegetable pro- 
teins are mechanically enveloped in strong coatings 
of cellulose. In course of protein digestions, the 
cellulose is not very quickly acted upon by enzymes 
and this leads to the i)assage of a certain percentage 
of cellulose-covered protein in roughage. 

From subsequent experiments that we carried on 
ill the line, we had reastin to disagree with authorities 
like Lucias Nichols, who declared that vegetable pro- 
teins in general were inferior to animal proteins in 
biological value. In some cases the vegetable pro- 
teins are undoubtedly of low'er nutritional order 
because of the absence of a few essential amino-acids 
but in most of the vegetable proteins, under our 
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observations, \vc found the presence of sufficient 
(juantities of essential amino-acids and when these 
proteins were i)uriried and freed from cellulose em- 
beddings, we found no cause of aiw complaint about 
its efficiency in promoting growth or in building tissue. 
This leads us to conclude that the defect is not in 
the protein itself but in its strong cellulose cover 
which protec’ts it against the action of digestive 
enzymes. 

In the case of raw soya bean protein, the same 
conclusion may be drawn. During analysis, we 
detected the i)rcseiice of six essential amino-acids, 
but ])iiblicalions have appeared about the low bio- 
logical value of soya bean proteins. Our biological 
feeding experiments have brought before us that an 
important fraction of so3'a jnoteiii passes out without 
being acted 111)011 in the digestive tract. 


A scries of feeding tests were done on rats with 
raw soya bean powder. In some cases, the raw soya 
bean powder was coloured with indigestible fast 
colour, and we found the soya bean poivder contain- 
ing indigestible soya protein (ivith both peptide and 
diketopiijeraziiie linkage) at the end of the digestive 
canal. 

Fiirtlier, the analysis of excretion of rats living 
on raw soya protein indicated cjualitative and struc- 
tural similarity to the intake i)rotein. 

All these show^ that the indigestible nature of 
soya protein is due principally to two factors, namely, 

(1) presence of diketopiperazine rings of linkage, and 

(2) i)resencc of a strong celliilo.se eiivelojie which does 
not allow the embedded jn'otcin to be acted upon by 
the digestive fluid. 

(To be concluded) 


BOOK REVIEWS 


China and Britain -By Sir John Pratt. Published 

by Collins. Pp. 128, wdtli 12 plates in colour 

and 68 illustrations in black and white. Price 

8.V. bd. 

This is an admirable monograph wTitten with 
sympathy and understanding. Peo])lc seldom realize 
how great is Chilians contribution to civilization as 
wc know it ; and vSir John’s book is a timely reminder 
that we should respect China not only for her 
signal services low^ards the exorcism of the fascist 
ghost, l)ut also for what she lias done in furthering 
the cause of civilization in the light of her owui 
.singular spiritual eudowmeiils. Where all the chap- 
ters are ecjually interesting, one is yet constrained to 
single out the charters on China’s gift to the West, 
Ancient Cliiiia, China's Civilization, Philosophy, 
Religion and Art for si)ecial notice. Sir John’s 
analysis of the spirit that underlay China’s social 
organization brings out the ethical bias that was as 
much characteristic of her genius as the civic was 
oF (Ircece or the i)hilo.sopIiic of India. The connec- 
tion tliat he has shown hehveen Fiiglish Naturalism 
of the iSth century and the interest in Chinese art 
displayed by the younger painters of the era 
(Pp. T06-10C)) is worthy of further study ; and the 
Uvo illustrations on Pp. to8 and loq arc conclusive. 
The illustrations indeed l.ave been chosen with dis- 
crimination and form ;i suggestive collection. The 
author has assigned much less significance to 
Buddhistic influence than is cu.stoinary or Dr Bagchi 
will allow. He also doe*^ not refer to the influence 


of Chinese poetry on some modern Unglish pods ; 

the precio.sity to w hich so much value was attached 
in China being much in evidence in these latter-d.n' 
English poets. We wall pay the author the com])!!- 
inent of wishing that a Mmilar book could he written 
by someone exhibiting China’s relations with India 
and their reciprocal influence on each other. If such 
a hook were to even approach the readability of Sii’ 
John’s, wx* will not complain. 

P, C. 

New Road 1944, — Edited by Alex Comfort and 
Jolni Bayli.ss. Published by the Grey 
Press, T.ondon. Pp. 278. Price lov. bd. 

As the editors explain in their explanatory titlr, 
the volume is intended to exhibit new- directions in 
Art and Letters. It is an anthology and makes excel 
lent reading. We appreciate the endeavours at ix 
valuation in the selected essa\’s, and Mr Comfort’s 
imgiiacious pcrsincacity challenges our deepest pre- 
judices ; his concluding statement — that 'hf God 
createcl the w'orld, He did it as a protest against Ilis 
own limitations” is somethieng more than a defiant 
paradox. We are glad that the editors had the good 
fortune of coming across the writings of Prem 
Chand, though in wffiat they found him symptomatic 
of ‘new directions’ is far from being clear. Prein 
Chand toiiclies our deepest feelings, but he continues 
old traditions within strictly conservative limits. 
Perhaps the editors were attracted by the revolt of 
the under^dog which motivates also that poiguant 



April, 1945 


BOOK REVIEWS 


447 


essay ‘No such House*. We confess \vc cannot be 
equally enthusiastic about the selected poems. They 
have the vice of an undefined esotericism which 
secludes so much of modern poetry from iKipular 
iinderstaudiiig. We wish that poets would begin to 
condescend to come down from their stilted heights 
and speak to us in a language we understand as it 
is the muscular phrases seem to be reaching out to 
some big purpose only to be frustrated by a nervous 
breakdown at the psychological moment. There is 
too much effort and too little effect. The anthology 
is significant in that it shows the spirit of the modern 
world in the throes of travail. 

/). G. 

Principles of Physical Geology. — By Arthur Holmes, 

D.Sc., F.R.S., Regius Professor of Geology and 

Mineralogy, University of Edinburgh. Pub- 

lislied by Thomas Nelson and Sons Etd., London. 

P]). 5og. Price 30 vShillings. 

vSir Thomas Holland once said that a text-book 
should be ten years behind the times, nieaiiiiig that 
it was only after tliat i>eriod that iiew’ theories could 
]>e regarded as having been thoroughly tested, and 
retained or discarded as experience dictated. This 
hook is rather more up-to-date than that ; but the 
newer theories, especially those relating to the in- 
leiiial .structure of the earth, and the mechanism of 
iiiountain l)uilding and vulcanism, give rise to so 
iniich .stimulating thought, that the author may be 
excused their treatment in an elementary text book. 

The book is divided into three parts. The iirst 
part ])rescnts what the author terms a preliminary 
survey, in wdiich the i)rinciples of physical geology 
are summarised, and the materials 'of the earth’s 
erust described. This i)art serves as an introduction 
to the more detailed treatment that follows. The 
Hcoiid part deals with external processes and their 
efft^ets ; while the third part discusses the internal 
i'locesses of the earth and their surface exijression. 
'riie latter part includes .such subjects as eartlKiuakes, 
lailh movements and the resultant mountains, 
plateaus and rift valleys, volcanic activity, and con- 
tinental drift, and the student will probably find it 
the most interesting part. Though much of this 
part is of a speculative nature, and necessarily so, 
Nince it deals with processes originating deq) within 
I lie earth’s body and on a scale so vast that it is 
doubtful as to how far the results of laboratory ex- 
periment can be held to apply, modern methods of 
investigation have made such progress during recent 
years that the depths of the earth are less inscrutable 
than before, though still the subject of much con- 
troversy. . 

Many students of Indian geology must have 
h>und it difficult to understand how it was that at 
•Miproxiniately one and the same tinte a state of 
tension existed in one part of India, permitting the 


extravasation of imnieuse quantities of molten lava, 
w'hilc in a contiguous part conditions of conijnession 
existed resulting in the intense folding of the earth’s 
crust, and the piling up of the great Himalayan 
range. Holmes is an advocate of the liyiKjlhesis of 
sub-cruslal convection currents to explain sncli 
facts. He writes : "Where ciiiTeiils are flow ing 
hori/ontally along the surface of the crust, they exert 
a powerful drag on the latter, throwing it into ten- 
sion where they diverge and into coini)ression where 
they converge.” The difficulty, however, is to ex- 
plain how' convection currents start in tlic first place, 
and wdien started how tliey can lead to such a similar 
repetition of events on so many occasioihs. ( )iie gets 
the impression that speculative hypotheses are being 
invented to inaleh the rctiuircnieiUs, against which 
indeed Holmes utters a word of warning. Much of 
this third pari of the book is of this nature ; but l)e- 
causc it is so controversial it is also interesting, and 
should stimulate the stiideiit to think for himself. 

Perha])s the outstanding feature of the book is 
its fine collection of plates ami text ligures, which 
are refreshingly new and leflecl the aiitlior’s method 
of teaching. These illustrations are taken from idl 
over the w'orld (e.xcept India), though the largest 
number come from the British Isles. This may be 
justified by the fact that there is no country in the 
world of so small a size which displays so conqdete 
a record of geological history, or in wliicli tlie rcLi- 
lion between the geology and the physical geograjfliy 
is so clearly demonstrated. N evert lielcss, let ns hope 
that the time wall .S(»on come when it will be possible 
to provide such a book with illustration largely taken 
from Indian sources. 

At the end of each chapter there are given 
suggestions for further reading. If only half of the 
botiks suggested were in the library of every geology 
and geography department in India, they would 
make a valuable collection snita1)le for the students’ 
use. 

Perhaps the main criticism that can be made of 
the book is that some .subjects might ha\e received 
more detailed treatment. However, llu- price of the 
book is already thirty shillings, ami that is (luite 
enough to expect any student to pay. 

As a text book for studeiUs of geolog \' and 
geography up to the B.vSe. standard the book is 
.strongly recommended. If the .student purchases this 
book, and one of the well known books on Indian 
geology, he will be well provided with reading 
matter concerning the l)roader aspects of his science, 
to sapplemenl liis lectures ; while the book should 
also prove of interest to students of other sciences 
who w'ish to have a general idea of inoilern theories 
regarding the structure of our earth, and rcgardijig 
the origin of the surface features displayed ui)oii it. 

\\\ D. ir. 
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LETTERS TO THE EDITOR 

[The editors are not responsible for the views expressed in the letters,] 


USE OF MAHAJAN^S OPTICAL- HYGROMETER 

In the i)revioiis papers, the author has dealt with 
the construction,^ working,^ time laR,^ humid fatiRue,'* 
and humid hysteresis-’ of Mahajaii’s OiUical Hygro- 
meter. Now, in order to have accurate results with 
the use of the same, the author has found that the 
following precautions which are platitudinous and 
commonplace, should he duly considered, while using 
this instrument. 

I. In order to get rid of the errors due to time 
lag and hysteresis, a considerable time should he 
given to a hygrometer to reach its steady state so 
that the light spot is dead slop on the vertical scale. 

If the instrument is subjected Ur much heat, 
such as, direct sunlight, or steam, and that if it is 
wet by exposure to rain or direct water-contact it 
re<iuires readjustment. Therefore it shoidd neither 
be keiH near water nor any source of heat. 

3. When the rod supporting the two pans turns 
upside down or dips too much it indicates either 
super-saturation or absolute dryness. In the former 
case there are minute particles of water in the air and 
ill the latter case there is no trace of humidity in it. 
When this instrument is exposed to such an air, the 
adjustment of the apparatus is affected and hence it 
re(|uires readjustment after that. 

4. This instnimciit has a casing for protecting it 
from strong breeze of air which may ui)set its adjust- 
ment. Hut this casing also obstructs the free passage 
of the air. Therefore considerable time should be 
given to it to indicate a steady and correct reading 
by letting the light spot to come to rest. 

5. The instrument should be placed in such a 
way that a current of air from a fan or otherwise 
enters the casing and comes out through the per- 
forations at its base for the humidity is much more 
local than is generally supiiosed. Hy this procCvSS the 
period of time lag can easily be reduced from 20 
minutes to even less than ten minutes. 

6. To obtain the mean humidity of a room, the 
instninient should not be placed near the walls of a 
room for they are good absorbers of moisture from 
the air. The air at one inch from a cold wall is about 
10 per cent more humid than what it is about one 
foot aw'ay. 

7. The hygrometer should not be placed near 


books, lumber furniture and the like as they gene- 
rally affect the air near them, being good absorbent 
material. 

cS. Sonietimes when the temperature is falling 
nipidly, practically all solid substances radiate heat 
rapidly and in extreme cases, the dew is deposited 
if the surface is non-absorbent, because the air at the 
surface is contracted by the cold, the saturation point 
is reached, and the water is precipitated. Thus the 
adjacent cold surfaces, even the casing of the hygro- 
meter lends to moisten the air and the humidity per- 
centage goes up 'with the cooling of air. Therefori* 
some alh)wance should be made for this fact. 

9. A rapid circulation of air can easily dis])erso 
the local humidity of the apparatus and will also 
equalise the humidity of the air in the room. Thu^ 
the instrument should be placed in a current of air 
from a fan and then more accurate reading will hj 
obtained. 

The author is indebted to His Highness* Goveni' 
incut, Patiala for providing facilities to conduct this 
work in the Physics Research laboratory, JMahetidra 
College, Patiala. 

L. I>. M.vhajan. 

Physics Research Laboratory, 

Mahendra College, Patial ', 

10-12-1944. 

’ L. I). Mahajan, “The Optical rivgronu'liT’*, Cnr/rm 
Science, 9, 100, 1941. 

' “The Optical Hygrometer and its work 

ing“, Ind'nn Journal of l*hysics, 15, 425-432, 1941. 

*•' “Time lag and Humid Fatigue of Hygn*- 

meters'*, Indian Journal of Physics, Calcutta (in press) 

* “Ilumid Fatigue of Hygrometers”, t'ln- 

rent Science, 13, 73-74, 1944. 

“Humid Hysteresis of Mahajan’s Optical 

Hygrometer and (Others”, Indian Journal of Physics. 
Calrutla (in press). 


PHARMACOGNOSTIC STUDIES ON “IPECACUANHA” 

Thk well known and highly important drus 
‘Ipecacuanha’ is obtained from tlie roots of the plant 
Cephaelis Jpecacuanha- (Brot.) A. Rich. {Psycholm 
Ipecacuanha Stokes.). This plant is a small shrub, 
indigenous to Brazil and is cultivated there.* It is 
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also cultivated in Selangor, in Federated Malaya 
v^tates.* In India it is ctiltivated to a small extent in 
Ucngal at Mungpoo in Darjeeling District. The root 
of this plant is the chief source of the alkaloid emetine 
and the drug is emetic, diaphoretic, one of the best 
cxjjectorants and an excellent remedy for treatment 
of amoebic dysentry. 

The present pharmacognostic study was under- 
taken to determine the particular age of the plant 
when the alkaloid content reaches its maximum limit, 
in order to ascertain the proper time of collection, 
'flic materials were obtained from Mungt)oo in 
Darjeeling district where it is cultivated under 
(lovernmeiit su])ervision along with cinchona and 
1-4 years old plant materials were collected. 

The roots from plants collected at the end of 1st 
and 2nd year appeared to be thinner than those 
obtained from 3 and 4 years old plants. In 1 and 2 
\ ears old plants, most of the roots, though annulatcd 
sliowed that the ridges were not fully round and did 
not completely encircle the root. The average 
diameter of the roots varies from 0 4 to 0*0 111111. 
according to age of collection, besides the external 
aiipcarance the roots of r and 2 years old plants are 
found to be infested with a number of very thin 
thread like rootlets whose number gradually decreases 
iis the plants grow old. In the 3rd year of collec- 
tion the roots are found to be well developed with 
the ridges distinctly rounded and completely en- 
circling the root. The roots of 4 year old plants are 
alike to those of the previous year except that the 
hark ill several places is more separated from the 
root. The less aimulated structure of the root and 
the presence of a number of fibrous non-aniiulated 
rootlets are special features of samples of earlier 
collection.’ 

The diagnostic microscopical characters* as found 
ill the roots are thin brown elongated cork cells filled 
with brown granular material, below this the secon- 
dary cortex is found to be exceptionally wide and 
cinn posed of thin walled parenchyma mostly filled 
with .starch grains. In it there arc also some scattered 
cells containing needle shaped crystals of Calcium 
^Kalate 30-80// long. The starch grains arc usually 
coinpouiid with from 2-8 components. Sclarenchy- 
niatous cells or fibres are absent in the bast ring. The 
>^ylem is characterised by the presence of perforated 
iracheids, small tracheal vessels and wood fibres. The 
structure of secondary or tertiary roots in plants of 
dilTerent ages are more or less alike but the difference 
in structure of primary root in plants of different ages 
is (juite well marked as the number of rings of wood 
in the xylem varies from 1-4 according to the age of 
Collection. Alicrochemical tests with hydrocliloric 
iicid and fiotassium chlorate as well as other rc- 
‘^gents show’cd the presence of emetine in the bark 

its absence in the xylem and these reactions were 


more marked in three and four years old roots as 
compared with those of ist and 2nd year old plants. 

A comparison of the dry weights of the amount 
of roots per plant is stated below' : — 


1st Year 
2nd „ 
3ra 
4tli 


Total amount of 
roots per plant. 


2 021 to 4-952 gms, 
9-15 to 17-425 „ 

20-145 lo 24-785 „ 
18-85 to 25-43 


Average weight of 
roots iK-.r plant. 


3-5 gnis, 
13-28 „ 

22-46 
22-20 „ 


The roots of the plants of these different age 
groups (i.e., r-/| years of collection) w'cre subjected 
to chemical analysis at 3 different places and the re- 
sults are tabulated below : — 



1st Analysis 

2iul 

\iinlysis 

3nd Analysis 


Total 

Alkaloid 

Non- 

lolal 

AlkaK)ic 

Xon- 

Tolal 

Alkaloid 


plienolir 

Alkaloid 

pluriiolie 

Alkaloid 

1st Yr. 

1-45% 

M8% 


1-20% 

1-95% 

2nd 

1-70% 

1-21% 

2-33% 

1-24% 

2-00% 

3rd 

2-33% 

1-40% 

2-50% 

1-35% 

2’ 15 % 

4th 

2-14% 

1-21% 

2-60% 

l-35'\> 

2-25% 


b.P. (1932) Addendum VT prescribes that 
ipecacuanlia root should contain not less than 2% 
of the total alkaloids and not loss than 55% of these 
should consist of non-pheiiolic alkaloids calculated as 
emetine."' I'rom the above results it is found that the 
roots of 3 and 4 years old plant give an amount of 
alkaloid conforming to the b.P. standard. According 
to results of aiialvvsis So. i, the highest yield of 
emetine is in the 3rd year of collection and according 
to analysis No. 2 highest yield is obtained in botli 
3rd and 4II1 year of collection. It is therefore 
feasible that even when the iioii-plienolic alkaloid 
content is llie same in the 3rd and 4lh year the crop 
should bo harvested from 3 years old plants with 
])etter advantage. 

It is also to be noticed that the percentage of 
total alkaloids is less than that obtained from roots of 

years old plants grown at Scrdaiig in tlie Selangor 
Slate in the Federated Malaya States where as much 
as 3*1% of total alkaloids and r6% of emetine have 
been obtained. It is therefore worth-while to carry 
on further experiments to iminovc the cultivation of 
this very important medicinal plant with a view to 
get a better yield of alkaloids. 

We are indebted to Messrs. Bengal Immunity 
Co. Ltd., for providing the necessary fund to carry 
on the work, to Mr S. C. Sen, b.A. (Cant.), B.Sc. 
(Cal.), A.AI.I.Chem.E., Principal Quinine Officer, 
(lovernment of India for his kindness in sending the 
samples of roots, to Dr B. Mukerji, D.Sc., M.D., 
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F.N.I., Director, biochemical Standardisation Labo- 
ratory, to Mr S. Miikherjec, M.Sc., of Bengal 
IniTnunity Co. Ltd., and to Prf)fcssor (Miss) A. 
Miikherjce, M.Sc., of Lady i^ra!)oiirnc College, for 
their kind help in analysing the samples. 

The details of the paper will be published 
elsewhere . 

S. N. Bai. 

S. C. Datta 

Pharmacognosy Research Laboratory, 

Industrial vSection, Indian Museum, 

Calcutta, 34-1-1045. 

' Hal, .An outliiu* of pliannaropoeial drugs of vegetable 
origin. 

* Hal, l]Kvn(*uanlia, lud. Jour, of Phar., 2 . No. 1, 1^)40. 

^ 'r rea.se, A 'JVxtbook of Pliarniaeogno.sy. 

* Hriti.sh Pharniaceulical Codex, 1934. 

•’ Hritish Pharmacopoeia, 1W2, Addeinliim VI, 1943. 


RUPTURE OF WATER DROPS OVER LIQUID SURFACES 

It has been reported elsewhere' that when drops 
of water of a given si/e are allowed to fall upon oil 
surfaces from gradually increasing heights, upto a 
certain critical value of the height, they sink into 
the oil as a whole but for heights greater than this 
critical value, they rupture into two or more droplets. 
This critical lieight depends upon the size of the drop 
and other physical properties' (such as viscosity, 
interfacial surface tension etc.) of water and oil. 
Further careful investigations of this phenomena 
have however revealed that in case of certain .suitable 
size of water drops falling upon comparatively less 
viscous oils (or their mixtures) there are very often 
several critical heights for the rui)ture of water drops, 
and in between tlie consecutive critical values within 
a range (.)f height, the drops are found to enter as 
whole (without rupture) into the (jil. 

In the actual exr»eriment water drops of different 
sizes ranging in diameter from '3 to ’5 cms. were 
allowed to fall on mixtures of Turpentine oil and 
Castor oil in different proportions by volume, ranging 
from 50 per cent to o ])er cent of Castor oil. The 
observations may be summed up in the following 
words : — 

(1) The small size drops of the order of '2 cms. 
diameter do not exhibit more than one critical height. 
In some cases the second critical height was located 
but its distance from tlie first critical height was 
fairly large— of the order of four times the value 
of tile first critical lieigjit itself. 

(2) The bigger size drops of the order of ’4 cms. 
diameter exhibit a number of critical heights .spaced 
at intervals of i cm. approximately from the first 
critical height. 


(3) There seems to be an optimum size of the 
drop for the maximum number of critical heights and 
as the size of the drop becomes more than the 
optimum value, the number of critical heights begin 
to decrease. 

(4) The highly viscous liquids, as for examine, 
50 per cent Turi>enline oil and 50 per cent Castor oil 
by volume, do not exhibit more than one critical 
height even with the optimum size of the drop. In 
some cases they exhibit a second critical height wdiicli 
is fairly apart from the first critical height. 

(5) The less vi.scous liquids exhibit sometimes 
ten or more critical heights when exiieriiiientcd wdtli 
the optinunn size of the water dro]). 

Without entering into the detailed mechanism 
of the rupture of the water drop, it may be suggested 
that the rupture takes place when the droj) has 
collided with the oil surface and when the distortion 
produced in it, exceeds beyond a certain limit. It 
is also clear that for a given size of drop falling from 
a given height, the amount of distortion and iu 
.speed will be more in the case of le.ss viscous oils, 
This fact is supiiorted by the experinieiital observa- 
tion that for a given .size of drop, the critical hciglil 
is greater for more viscous oils, on which it is 
allowed to fall. I'he drops of water even after 
(hey have come into contact w'ith the oil surface, will 
have a tendency to oscillate in the way first suggest- 
ed by Lord Rayleigh.* These oscillations will have 
a certain time period which will depend according 
to Rayleigh only upon the size of the drop and tlie 
interfacial surface tension between the oil and the 
water. It is however, not unlikely that in this case 
the vi.scosity of the oil may also affect the time 
period. In any case, it appears that the iircsenee 
of a number of critical heights for rupture is due tn 
the tendency of the oscillation of the drop to prexeiii 
its ru]>tiire. When the drop assumes a spherical fonn 
during its course of o.scillation, it is much more staMe 
and hence rupture may not be iiossible. The liist 
critical height for tlie small size drops is greatu 
than for ii;e large size drops. There are .seveial 
critical heights for the nqitnrc of water drops ami 
in between these consecutive critical values, the drop*- 
do not rupture but sink as a whole. I'he drop in il^' 
conr.se of oscillation may assume a s|)herical form 
(from the elliptical form say) and here its potential 
energy is a minimum and is in a more stable form. 
Hence the distortion produced after collision with 
the oil surface is not sufficient to rupture a spherical 
drop (while it may be sufficient for an already dis- 
torted elliptical drop). So it is the tendency of the 
oscillation of the drop to assume either the .sperical 
or elliptical fonn w'hich prevents or produces the 
rupture. It has been observed experimentally that 
the first critical height for the small size drops is 
greater than that for the large size drops. As the 
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former fall throuRh a greater height, the kinetic 
ciiergj^ generated at the expense of the potential 
energy is also greater — sufficient enough to produce 
rupture even in the most stable (spherical) form and 
hence they will not exhibit more than one critical 
height. Their kinetic energy in relation to its surface 
energy is great enough to produce rupture even in 
the most stable (spherical) form and hence they will 
not exhibit more than one critical height. In case 
of more viscous oils, the tendency of their oscillaliou 
will be damped and hence the chances of more 
critical heights will become less. 

B. N. vSiNdii 

B. K. vSaitay 

vSl. Xavier’s College, 

Kanchi, 1:2-1-1945. 

' Singh and Sinlia, .SV. Coll. I'liiL Soc. UMt. 

■ vSiiigli and Sinlia, Cmi. SlI.. 13, 157, 19‘14. 

* Rayleigh. Pfoc. Roy. Soc.. 29, 71, 1871). 


AMMONIUM SULPHATE VS, AMMONIUM NITRATE 

Thrrk has been a big stir among.st the Tiidiaii 
scientists, industrialists and ngricuUtirists, recently, 
on the decision of the India ('lovernnient to erect 
plants for the maiiiifacture of 550,000 tons of 
aninioiiium sulphate per year, to be used as a ferti- 
liser. F'or the manufacture of the ammonium sulphate 
India will have to be dependent mainly on the foreign 
inn)f)rted sulphur, which under unfavourable circum- 
stances, as at the present time, may jeopardi.se the 
wliolc industry with a consequent heavy blow on the 
agricultural products of the country. 

Is it not possible to use ammonium nitrate in 
place of amnioniuin sulphate, if not wholly, at least 
partly? Will any scientist enlighten as to what are 
the objections in using amnioniuin nitrate as a ferti- 
liser? Ammonia can be prepared from the nitrogen 
of the air and hydrogen from water ; this ammonia 
can be oxidised to nitric acid with convSe(pient pro- 
duction of ammonium nitrate. So by substituting 
aiimioiiium nitrate in place of ammonium sulphate 
India can become independent of foreign resources. 

I.arge amounts of ammonium nitrate arc being 
nsed as fertilivSer, both directly and as an ingredient 
in mixed fertilisers in the United States of America. 
Since ammonium nitrate like vSodium nitrate is a 
^'iipporter of combustion, there arc certain hazards in 
handling it, and storing of the material. The Agri- 
‘niltural Department of the U. S. fiovernment arc 
instructing the vieople, as to the possilde hazards, and 
'‘nid how to avoid them. A 50/50 per cent ammonium 
nitrate and sulphate mixture has found a favourable 


market since there is practically no hazard in 
handling it. Other mixtures of ammonium nitrate 
impregnated with iiieiT fertilisers or materials have 
also been marketetl. 

Though ammonium nitrate is used a^ a high 
explosive, it requires a liigh velocity detonator in 
sufficient quantity to energize the mass. Under 
favourable conditions of i)ressnrc, rapid heating and 
retention of heal, it may ])e exjilodcd partially from 
heat alone at to 550^C. or comidelely above 

55o°C., but these circumstances are unusual in 
practice. As a .snpi>oitcr of combustion it demaiids 
only tliat it should not I)e .stored near wooden striic- 
liire or other combustible materials. It should not 
be stacked near copper which reacts appreciably with 
molten ammonium nitrate i>roducing nitrite, less 
stable than nitrate, and which has increasing ten- 
dency to violent conflagration or exi»l()sion. 

So with above precaiili()ns it seems, lliat at 
least 50 pel* cent of the ammoiiiiiin sulphate can be 
replaced by ammoninni nilrate thus making ns 50 
per cent independent of foreign resources, and under 
umisnal circumstances the whole of the other 50 per 
cent ammonium sulphate can ])e disi>ensed with by 
leplacing witli other inert fertilisers or inert mate- 
rials. 

X. K. Skn Upita 

Chemical Corporation of India, 

6, Kalicharan Ghosh Road, 

Cossipore , Calcutta . 
i2-r-i945- 


ON THE DESCRIPTION OF THE INFLORESCENCE OF 
RiC/NLS COMMUNIS LWfi, 

Wnuac examining llie moii)hological details of 
tile inflorescence of Ricinus Conunttiiis Linn., the 
]>rcscnt writer fuuiid certain discrepancies in the des- 
crii)tions as recorded by Hooker' and Prain.* 

Hooker records: — “Flowers large, in terminal 
snhpanicled racemes, monoecious, apetalous, uplnr 
male cnm’drd, loK'cr female/* 

Prain also follows thus: — “Flowers monoecious, 
large in terminal, subpaniciilale racemes, perianth 
simple ; mules higher up, croicded, females below’*. 
(Italic*^ ours). 

I’l’om the nn melons observations made botli from 
I lie specimens occurring in nature and from the 
licrbarium slieels, it is evident that the female flowers 
are borne above and the male flowers below on the 
rachis, i.e., just the reverse as described by Hooker 
and Prain. Other descriptions stand correct. The 
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writer, therefore, wishes to record his correct obser- 
vations for whatever they are worth. 

Botany Department, R. M. Datta 

J. I. College, Dacca. 

1-2-1945. 

’ Hooker, Sir J. D. -Thc flora of Hit* lirilish India, 5, 457, 
1890. 

*Praiii, D. -Bi'Hiial Plants, 2, 951-952, lOai. 


ON THE CONSTITUTION OF SULPHARSPHENAMINE 

Sri.pirARSi^iiKNAMiNb:, a (Iriii*: of choice for the 
treatment of syphilis, is described in the B.P. (1932) 
as consisting; mainly of disodium 3 .\V-diamin0-4 : 4'- 
dihydroxy-arsenobcnzeiic - N : N'-dimcthylenc - bisul- 
l)hite (I). Dyke and King' suggested that the com- 
mercial pfoduct corrcsi)onds to a sodium salt of the 
N :N : N'-tri methylene sul|>hnrous acid (II). 

on ■ 

I 

NaO,S - 0 - CUj - 

\/ 

I 

A8== I2 

(I) 

HO— ^ AvS=/ 

I 

NH 

I 

. CHj-O-vSO.II 

The fundamental difTcreiice between the two 
formulae lies in the fact that in the former the parent 
compound (3 : 3'— diainino- -4 : 4 — dihydroxy- 
arsenobenzene) is reacting with 2 mols of formal- 
dehyde, whereas in the latter it has reacted with 
three. As such, the above parent compound was 
prepared,* washed with sodium bicarbonate solution 
to remove any sulphonic acid derivative,* subsc- 
(piently dis.solved in miiiimiim amount of caustic 
soda, and the resulting solution was filtered from any 
insoluble impurities. All these operations \vcre 
carried out in an atmosphere of nitrogen. The 
filtrate, containing the sodium derivative of the 
above parent compound was treated with the requisite 
amount of pure hydrochloric acid for conversion to 
salvarsan dihydrochloride. 'J'he resulting solution 
was reacted with tornialdehyde, in one case with 2 
moles and another with three. Both the reaction 


I /CHo-O-SCLH 
N< 


(II) 


mixtures were subsequently reacted^ with the rc- 
(luisite quantities of sodium bisulphite solution 
freshly prepared. In the latter case a product was 
isolated, containing i8‘6% arsenic, which, on bio- 
logical assay, did not pass the test for local irritant 
effect, as laid down in B.P. But products isolated 
from the mixture where the salvarsan dihydro- 
chloride solution has been reacted with 2 mols of 
formaldehyde are being found to comply rigidly with 
the tests for toxicity, therapeutic potency and other 
specifications as laid down in B.P. The drug pre- 
l»ared in this w'ay contains 20 -20*3% arsenic, 
-‘5—2*75% Sfxliuin chloride and a trace of free 
sodium bisulphite (or sulphite). 

I'urther, in order to verify tJie chemical nature 
of the product, a concentrated aciueous solution of 
the drug as obtained above was slowly treated with 
glacial acetic acid in the cold and the precipitated 
free sulphurous acid w^as filtered and washed with 
acetic acid and with small quantity of cold water. 
It was finally dried in vacuo over sodalimc at 120^ 
(Pound: As,'* 26*58 ; N (Dumas), 4*96 ; vS (Carius), 
rri6. CiiHjROgNavSoAvSo reciuires AS, 27 04 ; N, 
5*05 ; S, 11*55 per cent). Tht^sc analytical figiirLS 
conform rigidly to the formula (I ; II for Na). 
vSeveral other samples of this acid were similarly 
prepared and analysed, and in each case the atialvii- 
cal figures point to the formula (I). It is, therefore, 
evident that the drug sulpharspheiiamine lias the 
constitution (I), and because of the presence of 
traces of free sodium bisulphite (or sulidiite) and 
.sodium chloride, its arsenic content has been lowered 
from 25% (as refjuired by formula 1) to approxi- 
mately 20% (as found above and as also specified by 
B.P.). It should be noted that these impurities croi» 
in course of i)reparatioii of the drug. A ^aniide •>( 
sulpliarsplienaminc (international standard powder' 
has also been found in our hands to contain traee-^ 
of sodium chloride and of free sulphite. 

Our thanks are due to Dr U. P. Basil, for hi^ 
kind interest in this inve.stigation and to Dr A. X. 
Bose for carrying out the pharmacological examina- 
tion of various samples of the drug prepared in this 
laboratory. 

T. N. Ghosh 
S. N. Mitra 


Bengal Immunity Laboratory, 

Calcutta, 7-2-1945. 

* Dyke and King, /. Chem. Soc., 805, 1935. 

* Kober, J. Amer. Chem. Soc., 41, 442, 1919. 

’ King. Trans. Chem. Soc., 119, 1107, 1921. 

^ Voegtlin and Johnson, J. Amer. Chem. Soc., 44, 2673, 1922. 

“Gray’s method (/. Chem. Soc., 12H, 3181, 1926) for tin' 
estimation of antimony in organic coinjxjiinds has hctu 
utilised for the estimation of arsenic and has Ixeii 
found to he suitable. 
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EFFECT OF WATER VAPOUR IN THE ATMOSPHERE 
ON THE PROPAGATION OF ULTRA^HORT RADIO 
WAVES 

Tim applications of ultra-short radio waves have 
become remarkably wide particularly in connection 
with television, aviation and radio soundin.v* balloons. 
Usually it is assumed that if these waves are allowed 
to radiate up, they will travel straight through the 
lower atmosphere or troposphere and on further pro- 
gress wdll peneterate the upper atmosphere or iono- 
sphere, and may ultimately be lost for useful recep- 
tion. Further it is often presumed that such waves 
may not reach a long distance beyond the optical 
liorizon. Receptions of such short waves at fairly 
long distances Avith associated fadings lia\e however 
been reported by various investigators' ^ and incideii- 
laliy it has been suggested that iu addition to diiTrac- 
tion of the waves as calculated by Kpstein,'* the lower 
atmo.spliere may be responsible for fading of the 
.signals and also for their long distance travt.*! hv 
bending them along the curvature of the globe. The 
meteorological elements such as, temperature, 
]»ressnre and Avater vapour in the atmosphere have 
hcen considered for possible agencies for bending such 
waves. It may be pointed out, however, that any 
sudden change in the above elements within a small 
region of the atnios])here may have a considerable 
effect on the mode of propagation of these ultra short 
waves, as the dimensions of the region may be com- 
parable to the w-avelength. 

llulbnrt® has show’n that if the air be dry in the 
atmosphere, there must be an upward increase of 
temperature of 2 'g^C per lo metres for bending such 
waves along the curvature of the earth. Suc’u large 
temperature inversions are however rather rare pbeiio- 
niena. The effect of pressure change also appears t<> 
he iUvSignificant unless it is (»f very high tiiagnitude. 

The purpose of the present communicalion is to 
sliow^ that the presence of w^ater vapour in ade(|Uate 
uuanlity to saturate the air in the lower layciv. of the 
atmosphere can cause considerable bending of the 
ultra-short waves, necessary for propagation along the 
curvature of the earth and even more. It may be 
mentioned that such amounts of water xapour may 
he found iu many places in India in the f)re-nionsoon 
and monsoon seasons. 

h'or simplicity, we may assume that the wave 
while travelling gradually from a comparatively drier 
region of the atmosphere to such a humid layer, bends 
iti a circle and the radius of curvature can he cal- 
culated by Fermat’s principle, from the *?quation, 

1 AK 
=2 AX 


wdicre K = dielectric constant of the atmospheric 
layer, 


AK 

AX 


= change in dielectric constant due to water 


vapour within a height AX, and 
1= radius of curvature of the path of wave. 


The signs of the right hand expression in the 
above ctiuation indicate whether the signal will bend 
towards or away from the earth. 

Two possible cases have been coiivsidcrcd for cal- 
culation. Firstly, when the air is saturated up to a 
certain level and contains water in the form of vapour 
only and above the layer, there is perfectly dry air ; 
and secondly, when the lower moist layer is raised by 
one kilometer and water is partly in the form of 
vapour and partly in the form of condensed water 
drops. Assuming the change in the dielectric con- 
stant of air AK due lo added water (licjuid or vapour) 
is proi)ortional to the amount of material in one c.c. 
of the medium, it can be showui that AK = i2‘7 in, 
when water is in vapour form and AK- 8o o nu 
w'licti it is in li<iuid form, where in, — amount of water 
vapour in gm/cc. and 1113 -amount of liquid water in 
giii/cc. 

The calculated values of radii of curvature for 
bending of the waves in the above two cases are 
shown in the last column of Tables 1 and II repcc- 


T.MUJC I 


a ■ 

• a 

3 2 i 

0 

0 

« a ^ 

2.9 ts 

a u a 

1 

cJ 1 

T 

^ a a 
.2 -2 1'- 
a Sii 

a y j 

p ' 

K CJ 

a . 

: 

sp 

p* rt 

a 1 

to 

II ! 

2 1 

1 3'S<i 1 

1 

28-0 ! 

27-234 X 

10 * 

345-8x10 " ! 

2 

200 i 

17-300 X 

1 1 

219-8 X ,, ! 

3 

12-5 ! 

ll-00(>x 


139-8 X ! 

4 

1-5 , 

6-579 X 

» » 

; 8.i-r>x i 

5 

1-5 

4 313x 


! 54-8 X I 


§ 1 . . 
o a 
Si S 

.2 O s- 
^ 

(2 o£ 


1 44 
227 
.V58 

912 


T/\nMe II 


i 

a i 
• a 1 

f water 
form 

1h 

?£ » : 

e ’ 

'♦1 . 

Ht. in km 
above gro 

lount 0 
vapour 
gm/cc. 

- Amount 0 
in droplet 
in gm/cc. 

<.5.B 

2 

17-300x10 * 

‘*-934xl0--c 

3 

ll-(XXSx „ 

6-294 X 

4 

6-579 X „ 

4-427 X .. 

5‘ 

1 4-313 X 

1 

2-266 X .. 


0* jd 
a 

a a 

o5 -S 

a o ^ 


1014-5 X 10 -• 
643-3 X „ 
437-8 X „ 
236-1 X 


0*49 

0-78 

M4 

212 


K 



454 


SCIENCE AND CULTURE 


Vol. X, No* 10 


tively. Representative temperatures in different layers 
for above calculations have been taken from normal 
temperatures in the month of May over Poona. For 
calculating AK/AX, the thickness of the layer of 
discontinuity has been assumed to be 250 metres. The 
change in dielectric constant ^Yhcn water is solely in 
the form of vapour is shown in the fourth column 
of Table I and the same for water in vaijour and 
droplet form together is shown in the same column 
of Table II. 

It will be noticed from the last column of 
Table I, that in the normal atmosphere over Poona 
in the month of May, saturation at a level of 3 to 
5 km. will be capable of bending ultra-short waves 
along the curvature of the earth, assuming the radius 
of the earth to be about 6 * 36 x 10 ® km. The same 
column in Table II showsr that such bending may 
occur even much higher above 5 km. due to the up- 
ward rush of humid layer. Further, it may be point- 
ed out that in the second case pronounced bending 
will occur at lower levels which may be considerable 
enough to cause fading of signals and also give rise 
to measurable errors in actual bearings while locating 
an aircraft or a radio-.sounding balloon. 

The author’s sincere thanks are due to Diwan 
Bahadur Dr K. R. Ranianathan, Su])crintcnding 
Meteorologist, for his helpful interest in the present 
investigation. 

S. S. Il^NKRJKE 

India Meteorological Department, 

Poona, 

7-2-1945- 
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WHY THE EARLY FRY OF CARPS DO NOT THRIVE 
IN PERENNIAL PONDS OR IN FRESH-WATER BHERtS 
NEAR SEWAGE CANAL, CALCUTTA 

Thh tiny little fry of carps when transferred to 
a big perennial pond .soon after their hatching do 
not thrive well and in rnost cases leave no trace of 
their existence. This is due to (i) the existence of 
predacious adult fish which may devour them, (2) the 


fry that we generally get as carp fry are not exclu- 
sively as such but contains many predacious fish fry 
as these fry are collected in lots, (3) the food of these 
early fry which is carnivorous is comprised of pro- 
tozoon, tiny little Crustacea, and small insect larvae, 
etc., which do not thrive in such perennial waters, 
(4) most of these perennial waters contain many 
weeds, grasses, dense higher aquatic plants which 
really become a hindrance to tiny little fry hunting 
llicir animal food as these are generally very fast in 
locomotion, or the carp fry fall an easy prey for the 
overgrowth of vegetation. 

Ill the fresh-water bh cries (former salt-water) in 
the vicinity of Calcutta sewage water canal the gene- 
ral complaint is that tiny little fry of carps do not 
thrive when put in these hherics fed by sewage water. 
So in all these hherics instead of tiny little fry they 
put chala fish which are really either stunted adoles- 
cent stage of the previous year or fingerling stage 
of the year concerned. We all know that it is the 
tiny little fry that is more economical than cither 
fingerling or adolescent stages. 

K As regards the first two points of reasons for not 
thriving the tiny carp fry there is no dispute. 
Regarding the third point I performed an experi- 
ment with two ponds, one seasonal and another 
perennial. In both these ponds manuring wore 
performed. In the seasonal, ploughing, administra- 
tion of dried cowdung, mustard oil cakes and even- 
tually after the accumulation of rain, bundles of 
straw and dried water hyacyinth were put. The cul- 
ture of unicellular algae, protozoon and Crustacea 
were copious. In the perennial pond dried cowdung, 
bundles of straw and dried water hyacinth were pnl: 
but the culture were not like the other one. 
Regarding the fourth point I asked a few owners 
of the fisheries to eradicate the grass of their fishery 
.specially their dormant roots in summer when most 
of them become dry. Over and above they were 
advised to put fire to these grass roots. This iire- 
vents excessive growth of vegetation which feeds on 
sewage. In the IJanakhali Fishery in the Rajnagar 
area they acted according to tlie above suggestion 
and got good result. In former years they lost 
almost the whole of their tiny fry whicli they put in 
their fishery area without eradication of their grass 
or other weeds and when these fry were fed with 
sewage water. The result was vigorous growth of 
vegetation which hinder the access to their animal 
food and also their .self-protection. But this time 
t?liere were no such hindrance and they got a very 
high percentage of the fry with their desired growth. 

Zoology Department, 

Calcutta University, H. K. M(X)krr]HE 

7-3-T945. 
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Physics 

Quantum Theory of Radiation Damping 

R. C. MAJUMDAR 


JT is well known that a movinjj electron expe- 
riences a sort of resistance due to its own electro- 
magnetic field, similar to that of a body vibrating 
in the air and producing sound waves. This resis- 
tance is called the radiation damping. The classical 
theory of radiation damping has been worked out 
by I/Orcntz and Dirac. The quantum mechanical 
calculations of the radiation damping and its corres- 
pondence with the classical theory sets a limit of 
radiative processes involving energies not exceeding 
loo million volts. It is, however, found that in 
almost all problems the radiation damping is in 
general quite small and does not lead to any diver- 
gent difllcultics even if neglected. 

But a different .situation is met with in the theory 
of mesons, the new type of particles recently dis- 
covered in cosmic rays. It has been noticed that 
the quantum mechanical results involving mesons 
interacting with the electromagnetic as well as with 
the neutron and proton (which we shall call nucleon) 
are in general highly divergent. The cross section 
increase with increasing energy of the incident par- 
ticle. This behaviour seemed so peculiar that even 


the correctness of the fundamental equations of the 
meson field was questioned. But it was for the first 
lime realised by Bhabha that this increase is essen- 
tially due to the neglect of the effect of radiation 
damping. In meson theory we are not only con- 
cerned with the usual radiation damping pertaining 
to the scattering of light by meson but also the 
radiation damping when the meson is scattered by 
the neutron and proton nucleon. The radiation 
damping in the latter case represents the reaction 
of the meson field emitted by the nucleon on the 
motion of nucleon itself. The quantum theory of 
radiation damping which has been described in the 
present address confirms to Bhabha ’s classical cal- 
culations in showing that the anomalous results for 
the process involving mesons disappear. It is also 
discussed that the correct theory of radiation loss 
of meson, including the effect of radiation clamping, 
will give valuable information regarding its spin. It 
is believed that the theory of radiation damping 
when fully developed will be of profound significance 
in our tiiiderstanding of the nature of fundamental 
particles and the phenomena in the field of nuclear 
atid cosmic ray physics. 


Zoology & Entomology 

Protozoa Affecting the Health of Domesticated Animals in India 


H. N. 

pROTOZOAN parasites infect all domesticated 
animals and factors to be bonie in mind while 
devising methods of control or therapeutic treat- 
ment of such protozoal infections are : (i) Geographic 
cal distribution : When an intermediate host is in- 
volved in transmission, the disease is confined to the 
area which favours survival of the vector ; but when 
the infection spreads by contact, introduction of a 
single affected host is sufficient to establish the in- 
fection into a clean area, (2) Reaction of the host to 
infection : recovery from a protozoan infection docs 


RAY 

not mean complete disappearance of the parasite 
from the system of the host which exhibits a 
tolerance to the para.site for a long period. Such 
animals are called ‘carriers’, which arc potential 
sources of danger to other animals, (:^) Treatment: 
serum or vaccine treatment are of little or no value 
in protozoan infections. Control measures based upon 
natural history of the disease have played a very im- 
portant role in stopping the further spread of infec- 
tion. 

Spontaneous amoebic dysentery amongst hounds 
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of Ootacamund was for the first time noted in India 
by W^are. The organism concerned is Entamoeba 
histolytica and the potential vS<mrce of infection is 
man. Lcishmania causes cntaiie(nis leishmaniasis in 
dogs and bullock, and a few cases are reported from 
India. Trichomonas are known to produce sterility, 
abortion, and pyrometra in cattle and enterohepatitis 
in fowl. Cases of giardiasis caused by Ciardia in 
dogs of foreign breed were encountered at Mukteswar 
and one ('ase wa.s successfully treated with quina- 
crine. 

Amongst the domesticated animals in this country 
flagellates of the genus Trypanosoma are recorded. 
7 \ iheileri is non-iiathogenic, while f . evansi is the 
cau.sative agent of a most virulent type of trypano- 
somia.sis amongst horses, mules, donkeys, camels, 
elephants, cattle, buffaloes, dogs, cats etc. 7 '. 
equiperdum is the cause of dourine in horses and 
was known to occur in India but has been stamped 
out completely by the i.ivestock importation act IX 
of 1S9S ((^lander’s h'arcy act) being imposed on 
this divSease. 

Indian equivalent of the disease caused by T. 
eransi is ‘surra* meaning rotten or putrid. It has 
been taking a very heavy toll of our livestock for a 
long time. Salihotra aiipears to have recognised this 
condition in Indian horses perhaps as early as 700 
B.C. and the credit of discovering Trypanosoma of 
surra goes to Evans w ho in i8<So reported that mules 
and camels at Dcra Ismail Khan, were affected with 
this disease under natural conditions. 

Transmission of surra from animal to animal is 
purely mechanical by means of species of biting flies 
(Fam. Tabanideae), and probably also mosquitoes in 
some cases. Under the act the affected animals have 
to be seized and destroyed. Drugs such as Xaganol, 
Antrypol, and Moranyl have been found \'ery effec- 
tive in cases of surra. Hut recent observations have 
shown that neither slaughter nor treatment of clini- 
cally affected animals alone can be expected to check 
the disease as these measures cannot deal with the 
latently infected animals wdiich spread the disease. 
It has been found by Dr Ray that when o'j c.c. 
of surra antigen is injected intraderinally into ex- 


perimentally infected hill bulls a local reaction 
characterised by a swelling which is hot, tender and 
oedeinatous is produced in 6-9 hours while in healthy 
animals the swelling is less marked, nodular, hard 
and circumscribed. The biological test subsequently 
performed have corroborated the above findings. 
Thus, for eradication of the disease from this country 
a three-pronged attack is necessary, viz., (i) detec- 
tion of latent cases of the disease both during the 
.surra .season and when surra is absent, (2) adequate 
treatment of such cases and of clinically affected ones, 
(3) control of biting flies. 

Eimeria, several species of which are pathogenic, 
produce diarrhoea or dysentery, emaciation and 
anaemia, which in acute cases causes death of the 
host. 

‘Red water* fever in dogs, cattle, sheep, hor.ses 
etc. is produced by members of the genus Babesia. 
The disease is characterised by high fever, great 
destruction of red blood corpuscles with haemoglo- 
l)inuria, jaundice, profound anaemia and finally para- 
lysis and death. 

In the members of the genus Theilcria, schizo- 
gony takes ])lace wdthin the endotlrelial cells of capil- 
laries of the internal organs. Such schizonts arc 
knowui as Koch's blue bodies. Pathogenic species in 
this country is T. annulaia which have tw’O strains, 
one the Muktesw’ar strain, affecting young and adult 
cattle and the other ‘J* strain producing fatal morta- 
lity in calves. The disease is transmitted by licks 
and chemotherapeutic measures having proved of 
doubtful value, the disease is brought under contif)! 
by tick control measures. 

Concluding Dr Ray said that there remains yei 
wide gaps in our knowledge of life history of sour 
of the.se protozoa affeccing our livestock and it is 
important that these gaps be filled soon, as it is only 
from a knowledge of the life hi.story of a parasite 
that we can plan an effective mode of attack. Proto- 
zoan infections, directly or indirectly are responsible 
for considerable economic losses among our livestock 
and the importance and urgency of intensive rc.search 
work on such infection is empha.sivScd if the healtli 
of our livestock is to be adequately safeguarded. 
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Medical and Veterinary Sciences 

III Health With Special Reference to Ascites 

S. W. HARDIKAR 


£T is seen fairly frequently in Hyderabad and 
adjoining area in as much as about i in 65 of the 
]>atients seeking admission into the hospital show the 
presence of Ascites. It is not possible to state with 
accuracy how fre(iueiilly it occurs in other parts of 
India ; it would appear to be not less frequent at 
least, ill parts where rice forms the chief article of 
diet, which is poorer in quality than a more varied 
diet. It is not a disease by itself. It is seen most 
commonly in diseases of the liver but occurs also 
ill disease of the heart, kidneys, in tuberculosis and 
in tumours in the abdomen and chest. Hut when 
all these causes have been excluded there remain 
about 15% of the cases which show no evidence of 
organic disease, on the basis of their response to 
treatment and observation after discharge these cases 
appear to be due to malnutrition, i.c., underfeeding 
and defective quality of diet. It has now been 
proved that a diet lacking in proteins i.e., flesh 
forming foods and vitamins will in time produce 
poverty of blood and diseases such as beri-beri, and 
ill experimental animals, ascites. Famine Oedema 
i.c. accumulation of water in the skin and swelling 
of limbs has been fairly widely recognized as the 
result of insufficiency and low quality of food under 
conditions of war and famine. But ascites with or 
without swelling apart from organic disease occurring 
ill the poorer part of the population in times con- 
sidered normal in India has not as yet so clearly 
been recognized as due to malnutrition. The treat- 


ment in these cases consists in giving a well-balanced 
diet and a sufficiency of it rather than this or that 
particular drug though drugs are useful where 
si)ecial indications exist. 

Hvidence is accumulating to show that Cirrhosis 
of the liver, the disease in which ascites is most 
frequently seen, may itself be caused by malnutri- 
tion particularly insufficiency of proteins ; in fact it 
has been sliovvn that certain fractions of the protein 
molecule such as the amino-acid methiouiue are of 
Iiarticular importance in this respect. Milk protein 
is rich in methionine. To put into very simple 
lang\iagc, proper food and enough of it particularly 
the inclusion of a certain amount of milk in the diet 
would go a long way towards preventing tlie 
occurrence of this condition and jKTliaps also of more 
serious liver disease. 

In the not very distant past as a result of 
brilliant discoveries iti Bacteriology the tendency 
among investigators was to look for external causa- 
tive agents of disease. Kecent studies have however, 
shown that a large group of widespread diseases 
(c.g., night blindness, beri-beri, pellagra, scurvy, 
rickets etc.,) is due to a lack of something required 
by the body rather than an out.side harmful agent 
attacking it. W hen the views put forward here about 
ascites are conrirmcd one more condition would be 
added to this group. 

The problem is deserving of more atlentioti and 
study than it has received. 


Anthropology & Archaeology 

The Megalithic Culture of Southern India 

A. AlYAPPAN 


I^R A. AlYAPPAN, in his address to the above 
section, pointed out that in post-war sociology 
local or even national problems will tend increasingly 
to be parts of world problems. In dealing with £)ost- 
war society, the men of affairs will have to base their 
actions on exacter estimates of public feelings, social 
stresses and strains etc., than in the past. Socio- 
logists in India will have to prepare themselves for 


new tasks and refine their technique on the lines of 
the Mass Observation and other kinds of social 
surveys. Referring to tlie problem of the aboriginal 
tribes of India, it is absurd, said Dr Aiyappan, to 
suggest that anthro£)ologists desire to keep them 
“primitive**. For scientific purposes a changing 
tribe is as full of interest as a static one. What the 
anthropologist wants is that reform or development 



[ ^ ] 


of the tribes should not mean break up as so often 
it has been in the past. Whatever is /of value in 
tribal cultures should be conserved. The standard of 
archaeological and anthropological research and 
teaching in India is steadily improving. The school 
of archaeology, now functioning in full vigour at 
Taxila is a praiseworthy venture. Madras among 
the older universities of India is now giving con- 
siderable encouragenieiit to anthropological studies 
and the arrangements made by this University to 
publish Catiaresc, Malayalam, Tamil and Telugu 
adaptations of the well-known textbooks of anthro- 
pology, Lowie’s Cultural Anthropology will be 
si)ccially appreciated by lovers of the subject all over 
the world. It is also pleasing to note that both in 
Ilombay and Calcutta anthropological studies are 
being luirsued with great enthusiasm. Though the 
Markham Report on Indian Museums made adverse 
comments on the very short-sighted neglect of 
ethnology in India, the projected National Ethno- 
graphic Museum for New Delhi, remains still a 
forgotten plan. If timely action is not taken now, 
posterity will lose the most valuable cultural material. 
Referring to the very important discovery made 
recently by Dr W^hceler, Director-General of 
Archaeology in India, of Mediterranean (Arettine) 


pottery at the Arikamedu town site near Pondicherry 
it was pointed out that this discovery provides a 
basis for dating South Indian sites on the evidence 
of ceramic remains. The Arikamedu site is expected 
to throw considerable light on the nature of early 
Roman contacts with India. 

Reviewing the existing knowledge of rude stone 
monuments of South India, such as funeral mounds, 
underground stone chambers, large earthenware jars 
and cists, wdiich though not imposing in size as the 
pyramids yet are so numerous and varied in type 
that a good deal of information of past cultures from 
the prehistoric and the Vedic ages to comparatively 
recent times can be garnered from them by a diligent 
search. Even in the existing incomplete data there 
are pointers of cultural contacts between India and 
the far-flung regions of the ^liddle East and the 
Far East during prehistoric epochs. 

The help that anthropology and archaeology 
gives in broadening and liberalising our outlook on 
the world has been appreciated in all well-conccivcd 
educational scliemcs (e.g. the Wardha Scheme). 
Anthropology can do a great deal in India to remove 
communal friction arising from mutual ignorance of 
the other man’s cultural background. 


Psychology 

Language and Education 

B. KUPPUSWAMY 


^IIOUGII while some students are taught in 

Kannada and some in English at the High School 
stage, the medium of instruction at the college level 
is only English at Mysore. An attempt was made 
to study the relative differences between the two sets 
of students on the basis of their performance in the 
several subjects taught in the college. 

Among the students in the Senior Intermediate 
class in the years 1942 and 1943 it was found that 
335 has studied their subjects in the High school 
through English and 252 through Kannada. Their 
marks in the inomotional examination in English, 
Kannada, and all the science and arts subjects were 
compared. The averages were comf)Uted and the 
significance of the difference between the averages 
was studied. In English and in Economics the 


English group was superior to the Kannada groiij). 
But in the other nine subjects : Kannada, Mathe- 
matics, Chemistry, Physics, History, Logic, Zoology, 
Botany and Geology, the difference is negligible. 

Barring the two subjects, English and Economics, 
w^e find that the continuation of English medium has 
not been a .source of advantage to the English medium 
group nor the. change from Kannada to English a 
source of handicap for the Kannada medium students. 
The performance of the two groups in the college 
examinations is about the same though the medium 
of instruction was changed with respect to some. 

This investigation clearly brings out the fact that 
there is a confusion in the minds of people concern- 
ing the ‘knowledge of a language’ and ‘the language 
as a medium of instruction’. Our results con- 
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clusively show that thouRh some students learned all 
their subjects in their mother tongue in High 
schools, yet their knowledge in English language was 
enough to follow the lectures in the college classes 
in English and atisw'cr their papers in the English 
language just as well as those who were taught their 
subjects in English in the High school. In other 
words, the knowledge of English is not lowered 
when the medium of instruction was the mother 
tongue, so long as English is taught as a language 
subject. 

As Ryburn remarks no child can grow up to be 
a good and useful citi/en unless he has been pro- 
perly educated in the use of his mother tongue. 
Clear thinking, clear exijression, sincerity of thought 
:ind feeling, fullness of emotional and creative life 
can be cultivated best through the mother longue. 

The aim of llie language teacher in the basic 
school should be to secure for the pupil a mastery 
over the ordinary language in daily use. 

Recent work in Europe and America has shown 
that the text-books in the first few years of schooling 
should be very carefully planned. 

There is a vavSt gap between the literary side and 
the si)oken side of the modern Indian languages. 
The toxl])ooks attempt to introduce the child to the 
literary language. Ihit to the vast majority of our 
cliildren the literary language is almost a ‘foreign* 
language and hence the slow progress of elementary 
cnlucation. This problem can be solved only by pre- 
l)aring ‘basic word lists’ in each language and help- 
ing the child to master this limited vocabulary before 
he goes on to the literature proper. Another impor- 
tant aspect is a planned way of introducing new 


words. Rooks must be prepared by applying all the 
known principles of language learning. 

Should every Indian know his mother tongue, 
the national language, Hindustani, and the inter- 
national language, English? Further what is the 
meaning of learning a language ? Does it mean learn- 
ing to read and write in that language? Should the 
medium of instruction be the ‘provincial language’ 
or the mother tongue? 

If the provincial language is different from the 
mother tongue the child automatically picks up both 
the languages. In the inlercsis of economy to the 
child’s energies as well as to the provincial educa- 
tional budget it is better that the child learns in the 
basic school in the j^rovincial language. 

When the provincial language is not Hindustani 
there is no need for the child necessarily to pick up 
a second language. After all the bulk of the peojile 
don’t move out of their province. For inter-pro- 
vincial contact learning how to speak and understand 
the national language is quite enough. 

The international language, English, is only fijr 
the few who are destined to become leaders of the 
community. The microscopic minority who proceed 
to the University should know it. The rest do not 
need it. 

Rut this should not mean that any individual is 
prevented from learning additional languages if he 
wants to. Language institutes vShould be started in 
each district or even taluk where courses are so 
designed that a man may pick up in a very short 
time mere speaking or reading and writing as well, 
of the language of the iioighbouriTig province, or 
the national language or the international language. 


Geology and Geography 

India’s Position with Regard to Coal Resources 


N. N. CHATTERJEE 


1^ N his Presidential Address before the above section 
Prof. N. N. Chatterjee reviewing India’s ix)sition 
\vith regard to her coal resources suggested a more 
detailed survey and prospecting work to be under- 
taken by the Geological Survey of India, the pro- 
vincial survey departments and the Indian States and 
that provision for adequate staff should be made 
accordingly. 


Referring to the high sulphur in the tertiary 
coals India, Prof. Chatterjee, elaborated schemes 
for the desulphurisation processes, thereby making 
available to us these low grade coals and utilising 
them in an efficient manner. 

The problems of coal conservation included 
maximum extraction and proper utilisatioti of coal. 
Regarding maximum extraction he pressed for the 
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introduction of vertical lutation of working and com- 
pulsory and complete stowing process in the coalfields 
whenever such measures would be found necessary. 

The partial grading of a seam as allowed at 
present by the Indian Coal trading board should be 
totally and immediately slopped as such partial 
grading led often to extensive fires i>nd collapses with 
permanent loss of v aluable coal properties. Assistance 
slionld be given to those who wanted to mine coal 
by stowing i)roccs.s. It lias been suggesled that. in 
order to meet the demand cess should be levied on 
the Coal Industry as well as on the whole population 
of the country on account of the fact that coal is of 
enormous national importance and that the industrial 
expansion is intimately connected with the major 
interests (»f the Uvholc) people. 

Prof. Clialterjee laid great stress on the subject 
of proper utilisation of the different grades of coal for 
specific purposes. This step according to him would 
go to complete the process of conservation of India’s 
coal for the likely expanding needs of the future. 
Of the many instances of misuse of coal in India he 
mentioned about the Kailvvay l^oard and suggested 
that the Railway Board should introduce pulverised 
coal firing in tlieir locomotive boilers and in this way 
they could profitablv utilise the inferior grade non- 
caking coals and release a great amouiii <.)f high 
grade caking and non-caking coals for other more 
important uses. He also suggested lliat instead of 
mine .sampling car-sampling during despatch should 
be universally adopted and that sale of coal should 
be made by contracts on specification of analy.sis with 
an arrangement of penalty and premium. Referring 


to the schemes of Nationalisation and Rationalisation 
he strongly recommended that there .should be more 
State control and intervention for the maximum con- 
servation of India’s limited resources of coal by 
process of w idespread stowing and proper utilisation 
and suggesled that the mal-practices should be 
stopped by strict legislation so that the coal industrv’ 
might be placed on sound footing for its successful 
development and expansion. 

Tlie available coal resources is estimated as 
10,000 million tons and calculating the probable life 
of the reserves Prof. Chatterjee showed that the higli 
grade caking coals have only very short lease of life 
(less than 50 years) if the present wasteful methods of 
extraction and use is continued and thus emphasised 
the necessity for conservation and the urgency in the 
matter. 

For the successful functioning of the schemes 
of improvement in the Coal Industry India should 
have a National Mineral Policy and that there .should 
be a central organisation like the Nalinal Research 
Council for advice and guidance. For such econoinie 
planning and for all practical purposes India should, 
be considered as a single unit devoid of provincial 
barriers. Mineral deposits and their development 
should therefore remain the .subject of the Central 
(Government and not of the different provincial 
C'lOvernments. 

Prof. Chatterjee concluded his Address by men- 
tioning about the serious lack of encouragement on 
the part of the aiithorilies in the matter of teaching 
of geology. 
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SOME CONSTITUTIONAL HINDRANCES TO DEVELOPMENT OF 

INDIA’S NATURAL RESOURCES 


rcMiinc of President Roosevelt who passed 

away suddenly is a inenioraldc land-mark not 
only in the history of the V. S. A., Imt also of the 
whole world. Posterity will reineniher him not cmly 
for his able Icadershij) duriii.i»- the present world eon- 
na.eration, but also for hi^ ])eacetime activities, for 
the drive and initiative which he l)roii.eht to bear on 
the otherwise dry routine of administration. When 
he took charge of the Federal Cfovernment in 
the 1 -. S. A. had been for years in the throes of a 
terrible economic depression the memory of which 
lias not yet completely faded. The liistorian Peards 
descrilie the depression in tlie following .uraphio 
words : 

'Tti the aulmiin of 1929, just as the vnuiilrv seemed 
s'lfe and .sound on llie. ‘lii.eli ])lalcau of jiermanenl pros- 
perity’, exee])t fr>r fanners, llie hivsiness hooiii attributed 
to Republiean .statecraft burst with a rcsonndintc <Tasli, 
The prime stocks of the leading corportilioiis fell nearly 
forty points on llic avera.i;c in a sin.^lc day, October 29, 
when more than l(>,000,(xk) shares were dumped on the 
niarkel at the New York vStoek IL\chanjL;e. This i>aiiU: 
was followed by the ex])losioii of banks, railway companies, 
and private, eoneenis, !)y increasins.^ woes amoiii; farmers 
already in straits, by the closin.it: of factories, shops, and 
offices, and by a sleep decline in the opportuiitics of emphn- 
luent for artists, writers, musicians, architects, cn.uineers, 
l>lay\vrights, and teachers indeed the whole wliile-collar 
class -from New York to California. In the opening months 
of 1933, it was estimated, 12,000,000 men ami w»men were 
out of work. Ruin and liun.ger, if not starvation, haunted 
not only the shacks of tenants and sharecrnpjiers on the 
land, not only the back streets inhabited by industrial and 
professional clnsse.s, but also the grand avenues of great 
cities." 

President Hoover, a republican who was then 
occupying fhe White House, wrestled in vain with 
the situation in his own way, and in the Presidential 
Election of 1932, he had to make way for the demo- 
cratic candidate, Franklin D. Roosevelt who at once 
took energetic measures now known as the ‘Ne^v 


Deal* to cv)])e with the .situation. 'I'liis measure sub- 
stituted I'ederal interference and initiative in place of 
laisscz faire almost in every walk of life an<l liad been 
tile target of continuous attacks by the Republicans. 
Put wliatevcr opinions mi.ght be held about the 
measure, it is admitted that it dealt elTectively with 
“rnemployment”. 

One of New Deal measures was the undertakin.g 
by the Federal State of hu.ge developmental schemes 
for providin.g employment ; these works were gene- 
rally put in charge of relevant Federal Departments 
c.j^, the Bureau of Reclamation whicli planned huge 
|>rojectS“biiilding of dams, excavation (d canals, and 
construction of hydro-electric stations. In work 

was in progress in 32 projects in 12 different States. 
It was during Roosevelt’s regime that the Boulder 
Dam, the Orand Coulee Dam and many others too 
numerous to mention were constructed, and as a 
direct conse(|iienco of these measures America’s pro- 
ductive capacity was enormously increased. It was 
during this ])eriod (rci^/j) that President Roosevelt 
tried a new experiment in administration by creating 
the Tennessee Valley Authority to deal with llie 
Tennessee River. It may be mentioned here that 
though the TV’^A Act was actually piloted through 
the Congress by Senator Norris during the regime 
of Roosevelt’s predecessor, the measure was vetoed 
by the latter as being antagonistic to the American 
tradition of interference with private enterprise. 

It is well-known that it w^as only President 
Roosevelt’s forceful backing which was responsible 
for the quick execution of these constructive measures. 
In the U. S. A., there is a good deal of ambiguity 
in the constitutional position regarding the preroga- 
tive.s of the States and the Federal Government, and 
legally many measures could not have been under- 
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taken without the concurrence of the States con- 
cerned. To lake one example, in the Boulder Dam 
l>roject, the river to be harnessed viz., the Colorado 
River or its tributaries pass through the Stales of 
Utah, Wyomin.q:, Arizona, New Mexico, Colorado, 
Nevada and California. Six of the States ratified the 
project dra\vii up by the Bureau of Reclamation, hut 
the State of Arizona where the dam site is situated 
took a hostile attitude and never formally ratified the 
sclicme.* Probal)l>' under a less resolute President 
than Ro(Jsevelt many of the projects of his State 
departments would have remained dead letters in the 
face of such stron.e opiKisition. 

W'e liavc already indicated liow in the case of 
the T\W Roosevelt circumvented the constitutional 
didiciilty by enjoiniiiv; the Authority to take such 
measures a-, will make the river “navi,t»able with 
0 feet of draft’’. It is now known that ‘Navi.L^ation’ 
was only the thin end of the wedge, and the 
Authority carried out the fulle.st measures of multi- 
purpose development, viz., Hood prevention, soil con- 
servation, navigation, and power generation, .some of 
wliich undoubtedly, according to the constitution, 
were i>rerogatives of the States. The TV’’A projects 
have been frequently challenged in tlie Supreme 
Court by intei'csted iiartios, mostly cajiitalists owning 
private electrical undertakings. We (luote in this 
connection an interesting passage from Barrows* 

* Water Power Engineering’ (1043). The case is not 
connected with TVA projects, but nevertheless, it 
deals with a pertinent legal (jiiestion : 

“Thf decision of tlic T'. is. Supreme Court in the New 
Kiver ease (85 f^. Fvd. 201) was of import auee. in this res- 
pe('l, for llii.s ease involved the scope of tJie I'ederal 
C'oiniiieue jiowcr in relation t«i the ref|uirenieiits <if a 
I’ederal lieinsc upon New River, in llu* Slates of Virginia 
and West Virginia. The district ainl eirenit courts had tx.itli 
held that New River was not nax igahle and that the Pnitud 
vSlates could inW' enjoin the res]ioiident from constructing 
and |)ii'iting into ojx ralion a hxdni elextric <lam on the 
river just ahov<* Radford, \'a. Tlie Ih S. Supreme Court, 
under date, of neeeniher 10, HHO, found that New River 
was navigal.)le, and further more afrinned ll>at the constiln- 
tioiial power of the I'nited Stales over its water is not 
limited to eoiitrol for navigati<m. In this respeet the Court 
slated In truth the authority of the Cnited Stales is the 
regulation of eommercc on its waters. Navigability, in the 
sense just, stated, is but a part of Ibis wliole. Plood pro- 
tection, watershed development, retovery of the eo.st of 
improvements through nlili/atioii of jjower are likewise 
parts of commerce control . . . tlie respondent cannot, by 
seeking to use a navigable waterway for p(3vver generation 
alone, avoid the authority of the government over the 
stream. That authority is as broad as the needs of com- 
merce. Water power development from dams in navigable 
.streams is from the public’s .standpoint a by-product of 
the general n<c of the rivers for commerce.. To this gene- 
ral power, the respondent must submit its single purpose 
of electrical production. . . . The point is that navigable 
waters are subject to national planning and control in ♦he 
broad regulation of comuicrrc granted by the Federal Gov- 
ernment. The license conditions to which objection is made 
have an obvious relationship to the exercise of the com- 
merce power.” 

* It is vSaid that Arizona actually mobilized its army to 
stop the Boulder Bam project being carried out. 


Since the success of the American experiment, 
the idea of total development of river* valleys has 
caught the imagination of the people and govern- 
ment of all countries. In the article by ^Ir K. Ray, 
published elsewhere in this ivssue, a description has 
been given of an attempt to develop the Murray River 
Valley in the An.straliaii Common wcaltli. One point 
will at once strike the reader ; the rate of pro- 
gress in Australia has been tantaliziiigly slow owing 
to the fact that four parties, viz. the States of 
Victoria, New South Wales, South Australia and the 
Federal Government had to agree l>efore any measure 
could be iinderlakeii. For examide, ihough schemes 
for water i)o\ver develoimieiit have been prepared 
since K)24, no active measures appear to liave been 
taken for twenty years. Australia has not produced 
a Roosevelt courageous enough to cut lliroiigli tlu 
smothering red tapes of Constitution ! 

The importance of undertaking full scale deve- 
lopment of river valleys has now been recognized in 
this country r Dr B. R. Ainbedkar, the Hoii’blv.* 
Member for Labrnir, presiding over the conference of 
representatives the Centra], Bengal and Bilrn 
Ciovernnieiils, held in January, 1045 (vide vSciumk 
AND Cui/ri'Kic, I'ebrnary, 1945 , 33.>)» revealed tlu- 

Goveniment’s iuleiition to create the Dainodar Valley 
Authority. In that connection lie remarked : 

“Tlie (h)vc*riimtMit of India haw very mudi in tluir 
mind the Tcmiessee Valley scheme operating in the I’liili 4 
States of .\merica. They are. studying the scluanc and fn 1 
that something along that line lan be done in India if 
the I*roviiicc.s offer their co-oj)erMtion and agree to ovenid*- 
the provincial barrier wliieli lias held up so imieli «>f tluir 
progress and their prosperity 

“The Dainodar river is the tir.st projt'cl aloieg this liiu-. 
The authority wlii^h will be in cliargc of Ibis project after 
it is completed, will be more or les.s modelled, as far as ii 
may !>e possible, cm the Touu'sser Willey .liilhorily. b 
will be a eo-operalivL* undirrtaking in wbieh the. t'entre .ni'l 
die I'rovinces *>f I’ihar aid Bengal will be partners. 'Ilu 
Government of India are anxious to give .sliapc, form .nul 
life to the project, and are keen that no time should l)i 
lost^iii doing so. 

“The tiovcrnniciil of India feel tliat they cannot i>n/- 
ceed further in the mailer unless certain jireliininarie> an 
explored. The tirst such preliminarv is the site, of ibe 
dam. Obviu sly it cannot be decided in atvordniice vviili 
the wishes of Bengal, lupially, it cannot be decided in 
accordance with the wishi's of Bihar alone. And even it 
the two Provinces agree uj)on a site it c'oiild not be linab/Ltl 
widiout the advice of experts. '1‘here are cdlier 
which have, also to be. gone, into.” 

Wc learn from a recent pres.s report that tlic 
Government liave decided to set up a Central Water- 
ways, Irrigation and Navigation Commission. Tlie 
Commi.s.sion will advise the Central, Provincial aiul 
State Governments on waterways, irrigation aiui 
navigation problems, on principles governing water 
rights, inter -provincial disputes, and on appropriate 
basis of agreement between the parties in dispute. 
But the Commission is no substitute for the Authority. 
Besides, past experience of the working of such 
commissions does not encourage us to entertain any 
optimistic view. We think that it would have been 
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;i better ])olicy to create a new department like the 
lUireau of Reclamation in the l.k S. A. 

We have not heard anything further about tlie 
appointment of the D.V.A., and according to a 
reliable source of inforTnation, the Central (h)vern- 
11 lent finds that [irobably they have not got the 
constitutional power to appoint such a new type of 
administrative machinery as the D.V.A. 

According to hist II of the Government of India 
Act of IQ35 {vide C. h. Anand, p. 559), the provincial 
legislative list (defining the functions of provincial 
governments) includes (9) water, that is to say water 
supplies, irrigation and canals, drainage and embank- 
ments, water storage and water power, (::oJ inland 
waterways and traffic thereon, while List III, con- 
taining the entries under tlie concurrent legislative 
list, includes (31) electricity, (32) shipping and 
navigation on inland waterways as regards mechani- 
cally ])ropelled vessels. 

We are not lawyers, but it is obvious from these 
passages that the I).\'.A. referred to by the Ilonlile 
Member for Labour cannot be created unless the 
Central Government and the two Governments of 
I-eiigal and Bihar agree to do so. For the two 
I’rovincial Governments it means surrender of some 


power with which they have been investe<l under 
the (h)vernnient of India Act 1035, and one would 
he too oi)timislic to think that the two IVovineial 
Governments would willingly vsurreiulcr such power. 

(.)ii the otherhand, we have not the slightest 
doubt that the course suggested by the lloii’ble 
Member for Labour is the right one, for the existing 
departments of the Provincial Governments liave 
neither the personnel, eciuipmeiit, nor the organiza- 
tion to frame comi>rehensive schemes and to tackle the 
imiltipnrpose devehjpineiit of river valleys, and even if 
they create such an organization, it is <loiibtful 
whether two Governments can agree, (piickly enough 
for the cnsuraiice of the success of the scheme, ui)oii 
a coininon line of action. This is true not only of 
the Damodar Valley, but for almost every river- 
valley which needs a similar treatment, for tliere is 
scarcely a single river valley which is confined within 
the limits of one single province or one single Indian 
State. By making ‘Inland irfi/c/a(i\'.s' a i>rovincial 
subject, the Government of India Ac*t of 1935 ha^ 
created a constitutional hindrance to development of 
India’s natural resources, and we can scarcely 
exiicct any Rouscvellian lead from the Government 
of India as at i»resent coiistitiited. 


SCIENTIFIC EDUCATION AND RESEARCH IN RELAl'ION TO 

NATIONAL WELFARE^IV. 


article is the last of a series written with a 
view’ to clearing our ideas as to how scientific 
education and rc.scarcli can be utilized for jmrposes 
of national welfare. W’ith this object in view’ we 
lia\’e in the iirsl two articles given an account of 
how such problems are being considered in other 
countries like Great Britain and the U. vS. A. In 
the last article w'e have made a survey of the faci- 
lities for advanced teaching and research in science 
available in this country, and of the suggestions 
wliich liave been made for improving them. We 
Halted w’ith the dictum that acatlemic and industrial 
research arc interdependent and complementary, 
from which we concluded that applied research i.c. 
‘‘pplication of science to problems of human welfare 
'vill flourish best under conditions under which 
hnidaincntal research are found to be promoted. We 
have now, in coiiclu.sion, to consider the conditions 
favourable to the promotion of fiindanietUal research 
lu this country. 

Planning ok F'undamkntal Rkskakcii 

If we accept the view that application of science 
essential in all schemes of planning for national 
Welfare we have also to accept the corollary that fun- 


damental research is a public need and a piiblie res- 
ponsibility. 

The industries of our couiUry are based upon 
fuiidanieiital discoveries of past generations ; that 
some of them arc successful depends upon a com- 
bination of favourable eircunistanccs r/j., availability' 
ot raw inalerials, and of a large though ])oor con- 
sumer ])oi)ulatioii. These industries have not been 
able to raise a])i)reciably the standard of living of our 
people. Bor this jHirpose a much greater application 
of science to industry is necessary and tor it two 
conditions arc essential, namely (<i) to establish con- 
dititnis favourable for growth of fundamental re- 
search and (b) to diiiiinisli the time lag between the 
making of significant discoveries and their practical 
application to industry, agriculture, and medicine. 
The first is research and the second is development ; 
both are essential and in both we have not so far 
achieved any large measure of success. When speak- 
ing of the needs of one, we do not desire to depre- 
ciate the other. Both Government and industry must 
recognize the e.ssential importance of the former and 
also provide facilities for the latter. It will not be 
right to blame the scientist if he cannot at one and 
the same time make new discoveries and also devclo]) 
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llieni to such a stage that the ‘practicar industrialist 
and the financier can at once reali/c their appli- 
cability. Both tile scientist and the industrialist must 
broaden their outlooks so that by mutual co-ojieration 
it may be j^ossible to develop the techniciiie of the 
pilot stage of production. A. R. ( )lpin states in a 
recent discussion in the V. S. A. that Muring the war 
many idiysicists are learning for the first lime that 
there is as much thrill and satisfaction in applying 
|)hysical truths as in discovering them.* vSome of us 
ill this country who have obtained their initiation in 
applied research during the present war have had 
similar experiences. We shall welcome similar ex- 
lU'essions of change of outlook from some of our 
industrialists on the place of pure research in industry. 

We have now to consider how fundamental re- 
search in this countrv should be rmanced an<l who 
should undertake such research. We have seen that 
in the V. S. A. training and research are supported 
(i) from funds of foundations and endowments, 
(//) by industry, and (Hi) by (h)veriimeiit. Jn our 
country we obtain very little support from industry ; 
a part of the examination fees received by some 
universities are utilized for this purpose, a not very 
desirable exiiedieiit. (i) represents usually the 
accumulated savings of the country. Some institu- 
tions for the advancement < f .science were founded 
ill this way, e.g. the Indian As.sociation for the 
Advancement of Science by Maheiidralal Sircar, the 
Indian Institute of Science, Bangalore by Janishedjee 
Tata, and the Bose Research Institute by Jagadish 
Chandra Bose. Besides two Bt.ngcdi lawyers Tarak- 
nath Balit and Rashbehary (Ihose gave away their 
life's savings to the Calcutta University for the 
endoNMiieiit of a number research professorships in 
pure .and apidied sciences. Since then, as the inti- 
mate relation of apidied research to indu.stry began 
to be realized, the tendency has been to endow 
applied science, 'fhe industrial magnates have not 
yet discovered^ ‘a] >1 died science cannot live on 
the fundamental dii|coverics of past generation, and 
that unless fresli dil'C'ovei'ies are made it dies of in- 
anition.’ There has been during the past few years 
a great accumulation of profits from war iiidu.stries ; 
hut as yet no part of it is being set ajiart for the 
endowment of pure resexirch. It remains to be seen 
whether the recominWlations of the Industrial 
Planning Research Coinniittee will include provisions 
for the support of pure research. 

In the past the Central Government have pro- 
vided funds for sujipprt of applied researches in 
medicine and agriciiltiire^ Besides a number of sur- 
veys are maintained by ii c Governnicnt in botany, 
geology, geodesy, mcteorow^gVi and zoology. Though 
these surveys arc directed M^J'vards primarily practi- 
cal ends, many first rate s\<^^ntific publications have 
come out from these survey.*^- The several retrench- 


ments to uhich these surveys have been subjected, 
on the recommendations of Committees presided over 
by such crnineiit business men like Lord Tnchape 
and Sir R. N. Mookherji, have resulted in a con- 
siderable curt.'iilment of their present n.scfulne.ss. 
There is a great deal to be said in favour of A. V. 
Hill’s suggestion (V) that the research organizations 
of the Central Government at iiresent attached to 
different departments, like lulucation, Health and 
Lands, Industry', Labour, Post and Telegraphs should 
he put under a Central Organization for Scientific 
Research and placed in charge of the ^Member for 
Planning and Dcvelojmienl. ‘One great objection to 
the organization of research under a number of 
separate authorities, (piile apart from lack of co- 
operation and a common ])olicy resulting from it, is 
that financial and other support of research is often 
patchy and inadeiinate. The present sorry positions 
of the Botanical and Zoological vSiirveys and of 
Fishery Research is a good example how imjiortam 
scientific activities can be starved under a Depart- 
ment in which at some moment there was a failure 
cjf interest in them. The decision not to complete the 
ic)4i census of India could never have been taken if 
the conseriuences liad been properly thought out. . . . 
Under a central organization for research tlie different 
subjects could hope to be treated with the same 
degree of uniform encouragement according to tlicir 
needs*. 

Ill many reports we find the suggestion that 
fundamental researches slionld mainly be undertaken 
in the universities. It may be true that in the past 
century many fundamental discoveries have been 
made in university laboratories ; even then the Royal 
Institution during the li..ie of Davy and Faraday has 
been responsible for many of them. In recent 
years the Kaiser Wilhelm Institutes in Germany, tin. 
Research Laboratories maintained b}’ Rockefeller, 
Carnegie and other well known foundations, ami 
other labontories maintained by big industries in 
America like the O. R. C., R. c’ A., Bell Telephone 
Laboratories are responsible for many such dis- 
coveries. Ljider modern conditions even in this 
country it will not be wise to tie up fundameulal 
research with the universities. They are primarily 
places for advanced training in .science and in methods 
of scientific research ; besides they undertake also 
researches in imre and applied sciences. It is desir- 
able that universities should receive adetpiate grants 
for equipment, maintenance of laboratories, for the 
establishment of new schools of research, and also for 
the maintenance of a number of research scholars and 
fellows. There are, however, certain drawback.s 
attached to university research, when co-operation of 
specialists from several sciences are required for the 
pun^ose of forming rcsean'h units. Departineutalism 
of science ari.sing from the renuireinents of teaching 
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(Iocs not encourage such interdei)arliiieiital co- 
operation. 

Some thing can be said in favour of starting in- 
dependent researcli institutes in which research is 
directed towards the realization of a not too closely 
defined aim ; in which provision is made for research 
ill imre and apidied sciences. In such an institute 
specialists from several sciences can ])e recruited, 
who, while free to devote, themselves to investiga- 
tions pertaining to their particular sciences, can also 
cb-operate in investigations where team work is 
necessary. Such institutions can be maintained from 
endowments or Oovernment grants or from both, 
Mippleinenled by grants from organizations supi>oii- 
ing research. Possession of endowments enable such 
institutions to undertake some fundamental research, 
whose utility may not be immediately discernible, 
while a certain amount of ballast is ])rovided l)y the 
acceptance of grants for specific apjdied research 
problems. Such institutions should l)e in touch with 
tlieir local universities and should also undertake the 
training in research of successive generations of young 
workers. 

I'undameiital research can, therefore, be under- 
taken in different institutions, ('.g. (i) in universities 
and other teaching institutions of university status, 
{ii) in Research Stations maintained by grants from 
Imperial Research Councils for Agriculture and 
Animal Husbandry and under similar Councils for 
Medical, Scientific and Industrial Research, (Hi) in 
industrial research laboratories, when industry has 
become sufficiently scientific minded to value and 
encourage pure research, and (iv) in research institu- 
lions. At present in many Government .scientific 
dei)artmcnts some confusion exists between the rela- 
tive importance of research, development and exten- 
sion, and it happens sometimes that research minded 
young officers are discouraged by their (Mficial heads 
from undertaking any research work. Probably the 
Miggesti(m of A. V. Hill of bringing ‘research into a 
single organization, and leaving the departments to 
make their own arrangements f(jr applying the results 
to firactical problems they have to face’ may obviate 
these difficulties. 

All such proposals for extension of research will 
invfilve grants from public funds on .scales much 
larger than has yet been contemplated in this country, 
i^uch grants should preferably be given in the form 
ef block grants extending over a number of years, 
and distributed through some committee in which 
uon-official scientists arc strongly represented. 

Organization of Reskarcji 

We have seen in a previous article how vState 
^npported research is organized in the United 
kingdom. Such research is controlled through the 
agency of three Research Councils for Agriculture, 


Industry and Medicine, all in charge of a single 
Minister, the Lord President of the Council. The 
executive heads of these Councils are ‘the secretaries 
who have all been very dislinguislied scientists. The 
Ccjuncils are also the governing bodies and arc com- 
posed mainly of distinguished scientists, pnjfessional 
men and industralists with scientific interests and are 
presided over by iKJii-official Chairmen. The appoint- 
ments to these Research Councils are made by the 
l,ord President, and the concurrence of the President 
of the Royal vSocicty has to be ol)taiiicd in each case. 

In the IJ. S. A., the National Research Council 
is descrihed “as a co-operative orgaiii/alion of 
scientific men of America ; its meiiil.)ers include not 
only scientists and technical men but also business 
men interested in engineering and industry. Mciiil>cr- 
ship of the Council is coiii]»osc(l largely of rci)rescn- 
talives nominated by S5 scientific societies and in- 
clude representatives of some research organizations, 
of Government Seieiitifie Jhireaus and a limited 
number of iiieinliers at large. The total number is 220 
in all. About one third of its members are appointed 
by the President of tlie United States after being re- 
commended by the Naticnial Academy and from tlie 
various dei>artments f)f tlie Gf)vernment, sucli as War, 
Navy and others. All the rest receive their formal 
ap|K>inlmcnts by the President of the National 
Academy of Sciences." The constitution of the 
N. R. C. is entirely democratic ; on the other hand, 
its function is only advisory and for ensuring co- 
ordinalior. It has no executive authority for the 
disbursement of i)iiblic funds for siii)port of research. 
A new body (*alled the t fffice of vSciciitific Researcli 
and Development has lieeii created by executive order 
for this purpose. 

Turning to the (piestion of organization of re- 
search ill this country, two schemes are before us, 
(0 one formulated l)y A. Hill in his rei)orl (V) 
and (/■/) the other spoiis(.)rcd by tlie National Institute 
of Sciences for India (see Sciknck and Cpi.tuuk, 
February, 1941). IlilTs recommendations are exten- 
sions and modifications of the Hrilish plan to suit 
what Hill considers to be llic present Indian condi- 
tions. Tlic inoposals are for the creation of a Central 
Organization for vScienlific Research under the 
'Memlier for Planning and nevclopineiit, under which 
six Research P/oards will be constituted. The 
members of eticli board will be mainly eminent and 
expti'ieiiceil scientists with a certain number of pro- 
fessitmal men in the re.siiective fields, whose number 
will not exceed those of the scientists. There is a 
half hearted suggestion that perhaps the National 
Institute of Sciences may be allowed to nominate 
some of the members of the Board Each Board will 
have a certain nuinbet of cx-oflicio members repre- 
senting the Development Departments. Each Board 
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will liavc as Cliairniaii a jioii-oHicial, either a clis- authority for the iiieinbcrs of the several Boards will 

tiuKuished scientist or a profcvSsioiial man in the field he the Meiiiher in Charge who, unlike his Britisli 

c?onceriied. Tliere w ill he a Director of Research colleague, is not under the control of the LegivSlature, 

associated with each Board, who will be its secretary and therefore, not removable by adverse vote ; his 

and iirincipal administrative olKcer. The Directors of appointment and removal will be with the Governor 

these Boards will be responsible, under advice from (kmcral. Our past experiences do not justify the 

their resiiective Boards and under the Member for expectation that all decisions of the Governor General 

Planning, for directing, organiziiig, initiating and co> will be taken purely with the view of safeguardins^ 

ordinal iiig research on a national scale in their rcspec- Indian national interests. Further the Mcmlicr in 

tive subjects. h!ach Board will have the power to charge, when considering names for appointment to 

allocate grants for specillc researches in its own fields, the different Boanls, will not have the benefit of 

to be carried out by agreement in any institution in advice from any non-official scientific body as pro- 

India. There will be a Joint Research Committee of vided in the British case. He will have to depend 

all the Ikiards to award grants to university and other primarily on the advice tendered by the Directors of 

research laboratories throughout India for the en- the different Boards, and there may lie a tendency 

courageiiieiit of fundamental scientific research in on the part of some of the Directors to recommend 

general. W’hen a University (iraiils Committee is set ‘yes men' for such nominations. Also the Boards so 

up, these general grants will be given in consultation constituted will not be responsible to any rei>reseii- 

wilh it. Also a Research vStudeiUsIiip Committee will tativc scientific council for their activities. 1'lie 

be set U]) jointly by different Boards, to consider scheme si>onsored hy the National Institute ni 

a])] dications for Research Stndentships. There is vSedences conteinidate the formation of a National 

provision for preiiaration of joint estimates for lire- Research Council, consisting of scientific and techni- 
seiitation, through the Member in charge, to the cal experts, not exceeding sixty in number, tlu- 

I'inaiice Department for ajiproval and sanction, after majority of whom shall be elected by iion-oflicial 

which the Boards will be free to spend. Tliese six scientific organizations including universities and 

Boards will replace the existing three Councils of other institutions of university status, the remainder 

Research. There will be al^i a vScieiitific Consiilta- being nominated by the Central Government from 

tive Committee ('onsisting of six Directors and six amongst their scientific and technical experts. Tliis 

lOR PLANNING AND DEVEIXM'MIvXT 



A plan for the organization of seientific research and development . in India. 


distinguished scientists to advise the Member in Council will formulate plans and w'atcli over the 

charge on general ^^olicy in relation to research. main lines of research and technical development, 

Hill's scheme is a well thought out one and, advise Government on a common policy, distribute 

as said before, it is based upon British precedents, but grants allocated to them by the Central Goveriiiiient 

with certain essential diffcTe*ices. The apiiointing for promoting approved researcfies, for the mainten- 
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aiice of selected research scholars, for scientific i>ubli- 
cations and for other purposes. This Council will, in 
consultation with certain non-official scientific or«:ani- 
/.ations, constitute Research Boards, four in nuniher 
for the present. The functions of these Research 
Hoards will be generally similar to those proposed in 
IlilHs report, except that no provision has been 
made on matters of ai>pointing Directors of Rcsearcli 
associated with such Hoard and of the powers to W 
exercised by those Directors. The present sclienie 
rc(iuire to be further elucidated, botli as regards the 
composition of the Research Boards and tlie nature 
of the control to be exercised by them over the 
Research vStations under the Central Goxermneiil. 


The scheme has the primary merit of interposin.^* 
between the source of funds for the support ol 
research, viz., the Government together with the 
legislature, and the recepients of such support an 
independent body of scientists, witfi a necessary 
amount of representation from other interested 
bodies. The authority which such a Council will 
exercise depend on the attainments of tlic scientists 
elected or nominated to it. As Dr I'. B. Jewett, 
rresident of the National Academy of Sciences, 
r. S. A., truly remarks, “If you want to get a 
thing done, don’t give peoi>le pfdice authority to do 
it — make them so distinguished that nobody dares run 
counter to their advice.” 


RIVER MURRAY COMMISSION IN AUSTRALIA 

KAMAUuSri KAY 


rpIIK proposal of harnessing the Damodar River 
^ as a planned unit has presented certain difficulties 
nil the (itieslion of provincial rights and responsibi- 
lities, since llie river flows through iwo i>roviiK'es 
of Bihar and Bengal. The river and other natural 
leSfiiirces of a country, however, do not obey the 
political boundaries, and if wc liave to develop fully 
:ill tliLit the river is capable of giving ns, the govern- 
miiits concerned must have to invent the necessary 
a<lniinislrali\'e machinery l<i deal adequately with 
tile problem, and, if necessary, eireumvent the res- 
trictions imposed l>y a defective Act of the Govern- 
iiient (10,^5 Act). Such has been the story of all tlie 
liveis and river basins of the world, c.g. the Danul)e 
in Central Juirope which flows thnnigh a luunber of 
Sovereign countries, the Tennessee in the S. A. 
uliieh flows through seven States of the Giiion, (for 
(ktail, see SciKNCK AND CuLTUKK, April, and 

tile River Murray in Australia. The last river forms 
the subject of our present study and criticism. 

Tiik River and the TRoimEMs 

The River IMurray has a total length of i,roo 
miles, with drainage basin 2,50,000 sq. miles. It 
fnrnis the boundary between New Soutli Wales and 
Victoria Slates for about r,20o miles and then flows 
through South Australia for another 500 miles before 
it enters the Lake Alexandriaiia and conumuiicales 
with the sea. The river rises at tlie Australian Alps 
at an elevation above 7,000 feet and drops to the 
plain in course of its flrst two hundred miles and 
then traverses a great length over flat country 
with an average slope of 3 inches to a mile. It has 
large number of tributaries, the most notable of 
"Inch are the Darling and the Miirrumbidgec rivers. 

The problems associated with the Murray River 


in Aiistialia have nothing .striking in particular and 
present the n'>nal story of the people t.aking tiamble 
to move the tioveinmenl in devising wa>s aiul means 



to de\’cloj> the ri\er system for tlie beiieiil of the 
country. 

The early problems were restricted to naviga- 
tion and ii ligation, and the attention to these pro- 
blems was drawn as early as the middle of the nine- 
teenth eeiitiiry. But as tlie river Ihnvs through the 
three vStates, rr:., New Soulli Wales, X'ictoria and 
vSouth Australia, the difficulty of reaching agreement 
on tile (piestion of utilizing the river to the advantage 
of all raised problems of the rights of the three States 
to the river. The differences of outlook of the various* 
authorities eoueerned undoubtedly prejudiced for 
many years any serit^us attempts to arrive at a satis- 
factory agreement. 
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Early iNVKSTKivrioNS 

Primary invest i/nations, liowever, were made by 
Royal ConiiiiiNsions to emiuire into the utilization of 
the waters of River Murray by the Government of 
New South Wales in iS.t4, by Government of \hc- 
toria in jSS() and by I lie Government of Soutli Aus- 
tralia in iSSj", 

In iQoj, llie Murray River Main Canal League 
held a conference at Coroua in Ai)ril 2, a, and 4 and 
invited the Prime MimV 4 er of the Australian Common- 
wealth, the Premiers of the three Slates, and many 
other rei>resc-nlalives of various districts and associa- 
tions. The Murray River League passed the following 
re.solutions : 

(1) The C'.overnnients of the Coinnioii wealth and 
vSlates concerned be urged to co-operate in prepar- 
ing and carrying out a coiiiiirelieiisive scheme for 
the utilization of the waters of the River Murray 
which while improving the navigability of the" river 
wf)nld abo provide for the im]>erative needs for the 
residents on both banks in the conservation and di.s- 
tribution of its waters. 

(2) That the Stales of New South Wales, 
\’ictoria and South Australia empower the Pederal 
Gf)vernment to provide definite storage reservoirs on 
the rpP<-*t -"^lurray and a weir at Pungwannah, such 
works to be natiomal. 

(a) That puldic bodies interested be approached 
by their ro.spective (iOV’ernments and re(iueste<l to 
complete their distributing works concurrently with 
the head works. 

(4) That all natural waters not already at)j)ro- 
priated under legal sanction shall be declared public 
waters and made subject to a suitable system of law* 
a])idicable to the whole continent Comna)n wealth 
and States to coiiMder legislation to provide for re- 
guLation and dis]K)sal to secure fullest |Jossible use 
for the wlu)le i»eople. 

In his rejdy to the confereiue of the Ri\er 
f.eague the Prime Minister, Mr Iwlmund barton made 
it clear that the Commonwealth has sympathy and 
sup])ort for the niovement, but w«)uld not like to 
arrogate to itself any pf)wer or to interference with 
resi)eclive Stale rights ; and that en<iuir\ among the 
States should be made about the reconnnendatiems c>f 
the JA'ague. He further suggeslctl that to remove 
any political difliculties standing in the way of con- 
siinmialion of the scheme, the ]>ro|>er procedure 
would be to ])lacc the whole (lueslioti in the hands of 
an authority which would be of an impartial 
character. 

A Royal Commission was again instituted on 
13th May, 1Q02 “to make a diligent and full enquiry 
concerning the c( n.servation and distribution of the 
waters of the River Murray and its tributaries for 
the purpose of irrigation, navigation and water 
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supply*'. The Commission gave the following re- 
coiiiinendations : — 

(1) The division of w^aters of the Murray basin 
between the three States. 

(2) The construction of storages in the Upper 
Murray, at Lake Victoria, and weirs at the Murrav 
mouth. 

(a) Aj)i)oiiitment of a permanent River Mtirra\' 
Commission. 

(4) First instalment of a scheme of locks. 

(5) Legislation to vest the ownership of all 
natural waters in the Crown. 

(0) Diversion .scheme to proceed concurrently 
witli the construction (.>f the dam or the storage re- 
servoir. 

The Royal Commission remarked on the creation 
of a permanent River Commssioii as follows: '‘The 
control of Navigation being in the Commonwealth, 
and of Irrigation and Conservation in the States, it 
is necessary tliat their administration should he kept 
apart. Whilst, however, Commonwealth authority 
and control of vStale rights should he di.stinct, it In 
important that there should be i)rf)pcr concert 
between them. This olqect would he secured by the 
appointment of a Permanent Commission, represen- 
tative of New vSouth Wales, \’ictoria, and Soiitli 
Australia, to administer and control diversions, ami 
to construct and control those works of irrigation ami 
conservation in which more vStates than one arc con- 
cerned, with power to con.sult with the I'ederal 
Gioverninent, and to conclude agreements with it, 
on all such matters alTecliiig rivers as arc subject h) 
Comnionwealtli jurisdiction. The realization of this 
[)roposal would demand concurrent legislation on the 
part of the States, with confirmalory action by the 
parliamenl of the Cornnonwealth. 

Riyi'R Murray U^xtkrs Act ok kpa ami Crkation 
OF Rivkr Murray Commission 

Hy a resolution at a conference of the I'reiniei'' 
of the li.rce Slates held in Melbourne on .lAid 
January 101 1, tliree engineers were instructed to pre- 
sent a report and recommendations which wouhl he 
essential or conducive to a settlement by agreement 
between the three States on the question of River 
Murray and its tributaries. 

The engineers .sent their report and rcconinieii- 
dations on 24th July 1913. Their rccommcndalioiis 
chiefly concentrated upon Upper Murray storage ot 
nearly a million acre feet to start with, and contained 
suggestions for building more storage dams on the 
tributaries as the main work progressed. The build- 
iiig of navigation locks and planning of diversion 
work for water distribution were also suggested. Uti 
the administrative direction, the Conference of Engi- 
neers suggested agreements bctw^cen the three States. 
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The agreement was cvcntnally entered into on 
c)lh September 1914 to carry into effect tile rcsolii- 
tioiis concerning to the econoiiiical use of the waters 
of the River Murray and its tributaries for irriga- 
tion and navigation and the recfuiciliation of the 
interests of the Coininonwcalth and the riparian 
vStates. 

The agreeiTicnts were ratified by tlic Act of 
Parliament — the River Murray Waters Act, TQ15. 
Similar legislation was passed in the three vStates 
simultaneously, and it came into fonx- on 31st 
January 1917. 

The River Murray Coinniissioii was also apiioiul- 
ed at this stage to give effect to the agreements 
and Act. The Commission consivSled of four Coininis- 
.sioiicrs, one from Commonwealth (he is the Prosi- 
ilcnt) and one from each of the three vStates. 

Tlic River Commission, how'ever, is not a body 
corporate and has no power to contract and carry out 
works or to ac(]iiirc land. The Coniniission, how- 
ever, may employ under its sole control officers and 
servants and may remove or dismiss them. It may 
also arrange with a contracting government for the 
]>erformaiice of w'ork or services by officers of that 
gov'criiment, and the services of any such employees 
may be used partly by the Commission and partly 
hy the contracting govcrnnienls. Besides, the Com- 
mission (a) carries on an affective and uniform 
system of stream gauging on main river, tributaries 
and diversion branches natural or artificial, (b) deals 
with matters of finance, collecting from the three 
v'slates and the Conimonwx‘alth their shares of the 
estimated expenditure for each >ear and remitting to 
the States the funds re(iuired for the works to be 
carried out, (c) approves of the general schemes of 
works submitted by the States, (d) orders, directs 
and supervises the w'ork and watches the jirogrcss, 
(•*) collects tolls and apportions same to the 
States, (/) may declare <|iiantities and limes for deli- 
veries of water and the means of varification of all 
deliveries of water provided for in the Agreement, 
(it) submits annual report and l^alancc-shect to con- 
tracting governments. 

The State governments are responsible to main- 
tain the works constructed by them including 
snagging and dredging in the vicinity of the works. 


Funds and Progrkss of Work 

The ‘original cost of construction was appor- 
tioned thus: 

Commonwealth .. .. 4^1,000,000 

New South Wales .. £1,221,000 

Victoria .. .. j£r, 22 1,000 

South Australia ;£t,22I,ooo 


Total .. ;£4,663 ,ooo 


Under a later agreement the amount was in- 
creased to a sum in)t exceeding 12 million iioiiiids, to 
he borne in e«jual shares by the contracting govcni- 
incnts. 

By the close of 194.1, the following works have 
been completed (excepting certain minor details) : 

(a) Upp^‘r ^dnrray storage of capacity 1,250,000 
acre ft. at Hume Dam, with a provision to increase 
llie capacity to 2 million acre ft. 

(b) Provision of storage at I/ake Victoria. 

(c) Construction of 5 barrages. 

(d) Construction of i.^ weirs with locks. 

(e) Construction of 2 weirs on River Miirruin 
bidgee. 

The total cxpeiise.s incurred so far have been 
estimated at £r r ,896,091 , or nearly 16 crores of 
rupees. 

Ti lias now also been proposed that after the 
war, when labour and materials would be easily 
available, the Hume Reservoir should be increased in 
storage capacity from i million acre ft. to 2 million 
acre ft. by raising the dam height. 

Among other post-war policies, one is that the 
water supply authorities would be made responsible 
to educate farms in scientific agricultund practices. 
Incidentally, this reminds us of the demonstration 
farms of the Tennessee Valley Authority in the 
U. S. A. 

QuRvSTIONOF riYnRO-UM-X''rRlC Powkr Dicvkuopmknt 

The f|Uestion o( developing hydro-electric power 
from the Murray waters, particularly at the TTunie 
Dam, has been in eonsidcralion since 192-^, following 
upon a conrcrcnce. The (luestion w’as again dis- 
cussed in ro3o, but no conclusive action was taken. 
At the minister’s conference in January 1944, ^ 
w’as again raised by the Victorian representatives 
wdien the follow'ing resolution was passed. 

**That ilu* t|iuslioii of the utilization of the Hume 
waters for purposes of generation of electrieity be referred 
to a conference of representatives of Uie appropriate de- 
partments of the Commonwealth, New South Wales, Vietoria 
and South Australia, as a continuation of discussions 
entered into in 1030 to determine the manner of utilization 
of tlic waters so far as generation of electricity is concerned.** 

Recently another conference was held of repre- 
sentatives of the Commonwealth and the vStatc Rlcc- 
tricity Undertakings to further consider the cpies- 
tion. A report of this conference is awaited. 

Regionat. Planning on Murray Valley as a 
P os'^-\\^^E RECONSTRUenON Projkci' 

As the ideas are developing and progress is 
made, the proldem of the regional development of 
the River Murray Valley has been raised by the 
Ministry of Post-War Reconstruction and also by 
municipalities and other bodies interested in this 
matter, who have formed themselves into a Murray 
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Val)e>^ Dcvcloi»nient I.eagiie. The League held a 
conference on i^tli and ibth August, iQ4/l, and made 
the followin'-' rccoinniendations to the Commonwealth 
Cioveniinent : 

“Tliat lliis coiifcivnce ask the Coiinnonwcallh 
('oveniiiieiil to set up a Board, of Enquiry consisting 
f)f reprcsenlativ'Ch of the Coiiiiiionwealth and the 
three Slates of vSouth Australiii, Victoria, and New 
vSuuth \\'al .s, to report on all matters in coniiection 
with the developiiieTil of the Murray ^’alley, in all 
its economic, cultural and social aspects, having re- 
gard in particular to tlie following subjects: 

(a) The condition of selllement throughout the 
Valley. 

(b) Any alteration in existing condition of 
settlement that may be desirable in order belter to 
induce increased settlement, development and pro- 
duction. 

(c) Methods for the hetter utilization cf the 
lands of the \‘allev and the development of their 
potentialities by (/) the further development of the 
irrigation sclieines ; (ii) ensuring tlic use of the land 
ha* the puri>ose for which various areas are l)esl- 
suited ; (Hi) encouraging the investment of capital 
therein ; (iv) securing the pennanciit improvement of 
the lands by correction of soil erosion, reafTorcstalion 
and jiastures ; (r) encouraging increased profitable 
production ; (7’/) providing for organized marketing 
of products ; (vii) the cstaldishnieiit of appropriate 
industries. 

(cl) The transjicn't facilities of the Valley and any 
possible imiu'owiiienl of an economic nature having 
regard to the needs of llie land, industries, and parti- 
cularly the marketing of products, 

(r) ( fL'iierally a plan of development in respect 
< 4 * the lands and the land industries over the next 50 
years. 

(/) The ))roductive i>olentialilies and population 
sui»porting cap icily of the valley under the system of 
(levclojmiciit winch may l.>e recommended. 

(.t») The [)rovision of ameiiilies, social and cul- 
tural, for the incrca.sed pcjpulalion that Jiiay accrue 
by the implcmeulatioii of the reconiTueiidations of the 
Committee. 

(h) The administrative organization necessary to 
give eiTect to the carrying out of the plan of develo]>- 
meut rcconnnended ; and that in view of its grave 
iniportanco the (iiiestioii of restoring and niaintaiiiing 
the ^lurray Catchment area be referred to the pro- 
l>oscd expert Committee for urgent con.sidenition*\ 

kealiidng the iiin)ortance of the unified regional 
planning for the Mnrvay basin, the Con imoii wealth 
(loverunieiit at the instance of the Ministry of Post- 
War Reconstruction has approached the State 
Oovcrntneiits of jNew South Wales, Victoria and 
South Australia with view to setting up a Coin- 
inillec of Enquiry consu l ing of representatives from 


the four govennnenls to investigate and report on tin 
))ossibilities of the regional planning for the Murray 
Valley. 

CONCI.USION 

The preceding study of the silnalioir^' reveal- 
that the Murra\' Valley problem in Australia i.-, 
taking the moilern shape, the trend being tlu- 
acceptance of the policy of national resources develo])- 
ment on a regional basis. The public, local authori- 
ties and the ( •overnmeiil, Central and Provincial, 
have taken active interest, and some amount of cog 
structive work lias been done. 

At the same time it is dinicnlt to overlook Ilk- 
slow process ihnaigli which the works have ])in- 
gre.ssed under the usual bureaucratic inelhods of iIil 
(• ovennnent so common in pre-'. ar days. Ah u 
than a century clapscfl to consider, in\estigale, u- 
coiisidcr, report, and recommend on the prohlem, 
and nothing more Uian irrigation an.i navigation 1 u, 
been considered for execution. 

The (|uestion of developing hydro-electric pou^ 
at the Hume Ham was raised in ig.'l, and the proMeii’ 
still remains to be considered, although it has Ikva 
considered several limes already. Resolution lia' 
been recently passeil (ic)4<'l) to carry on negotialini 
W'ith the relevant .authorities ‘as a continuation (.• 
discussions entered into in 

The slowiie.ss of pace in Australia reminds ll'^, 
incidentally, of the move of our Govenuneiit, Ceima’ 
and Provincial, on the problem of the Damodar Ri\' 
which has been taken up on many occasions of cm'm 
. stropliic flood but snl>.sef)uenlly kupt down in 
storage. The raniodar problem luis been coiisidt-O <1 
investigated and leecmineiuled upon since 1^5;, 
the cycle of inaction is still in [)r(»g!vss. Tin I'l 
posal for tile construction uf dams on tlie ii\vi 
and its important tributaries, as made by ^ i''*'' 
engineers, was aUvays before us since !8(Lt, but 11 = 
construHive work was undertaken in eonrse ol du i 
So years. 

In CDiitiast with these puredures, w'e see il’ ‘ 
c<)nij)rehensive work done by the Tennessee \’:dl... 
Authority in the H. vS. A. The river aiithoiily 
created in by Mr Franklin 1). Roosevelt aha. ' 
immediately after his presidential election. The ladiv 
history, however, is equally slow, lengthy ain^ cen 
flicting, until Roosevelt came into jiower and 
able to elbow through all the ojipositiohs, and cut 
clean through the .smothering red tapes. 

The TVA, being given full power to plan aiul 
execute on the river basin development, has Kell 
able, in course of its 12 years of existence, to 
harness about 20 million acre foot of ^^'ator 

• Most of the inforinatioii has been freely drawn 
a pamphlet on River Murray Water Act, 1015-34, pitntt*< 
by the Government of Bengal. 
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in two dozens of coloSvSal dams it has built, 
to maintain 050 miles of tlie river for year 
loiind navigation— now carrying more than tOo 
million ton-miles a year, and to develo]) 12,000 million 
niiits of electricity annually. The TVA has also 
been resi)onsible for soil conservalion of llie \*a!iey, 
I arm demonstration to Itaeli scieiitille a.ericulture, 
jnodnclion of fertilisers, increasiii.e; i'shevy five limes, 
national defence' etc. All these st>eedy achievements 
an: to be ascribed to the apiKiintnieiil of the TVA, 
jji autonomous or.i;ani/ation of exiterls wlio weu 
vested with the authority of planning and executin.n 
llu* X’alley’s economii' ju-oblems in a comprehensive 
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and unitary way. TV'A is unhintered b\- llie red tapes 
of bureaucratic governments, the ups and downs oi 
party politic.s, or mutual jealou.sies (d* the diflerciit 
vStates. 

From the comparative studies, one would, iVel 
that the old form of governmeJital macliiiKry should 
be thortmghly changed to keej) j)aee with tb*.- i»reseiil 
world of si>eed and progress. Tlie necessity of this 
change becomes imperative wlieii one is confronted 
with the problem of res«mrcc (leveh)i»meiit on tlie 
basis of river Imsiii as the natural regional niiil, 
whicli re(piires vSlate su])port and ncce.S'^ary legisla- 
tion to carry the plans into operation. 


RESEARCH AND TAXATION 


f'plllC scientists and industrialists all over India will 

heartily welcome !Ion*ble the Finance Member’s 
Mgiiillcaiit i>roposal to allow for income-tax purposes 
cxj»cnditure on scientific research in his recent 
budget speech . Tlie llon’ble the Kiiiaiice Member Sir 
jciemy Uaismaii said : 

“I am also proposing to allow for iiicf)iiie-lax purposes 
I xpi iuJiLure on scienlifii' research. Tlu* proposals follow 
isiicrally the. provisions in the V. K. Idn.ince Act 1944, 
whicli have bec-ii dcscriboil Iw the C'liancellor of the 

I'/'.chcciner as ‘a comprehensive ailempt to relieve from 
l.ivation altogether fiimls <levoled In indnsirv In the sup- 
iMiil of fuiidaiiiental research, to the Iraiislatioii of lalMira- 
loiv research to tu'oduclioii and to the full-scale develop- 
iiiciit of the i)r(Kluct’. The proposals, in brief, are the 

.'illnwaiic.e of current research exj)emlilurc as it is incurred, 
llie allowance of j)ayint'nts to recogiii/ed research bodies 
and institutions and tlie allowance over .1 period of five. 
vt.Ms or over the life of the assets, if slimier, of restvinli 
eviKMidilure of a capital nature.” 

A Fill containing piinisions fir the.se reliefs, we 
iimlerstaiid, has bc- ii put before the house to amend 
I be Income-tax and Iw P. T. Acts. 

In making this proposal, the Idnance Member 
i'as closely followed the exampb.' of the I". K- 

'overnment which have made provision in the 

i'iiiiUKv Act 10 to relieve from taxation funds 
dicvoted to the conduct of research. In his Budget 
"]'-<. eh last year, vSir John Anderson [iroposed relief 
lomi taxation funds devoted to research. Previously 
distinction was drawn for income-tax purposes 
between capital and revenue expenditure 011 research, 
b was time for modifying the distinction, and the 
^ baiicellor proposed tlnat any research expenditure of 
‘I cajiital nature, including exi)endituro on laboratory 
buildings, plant and machinery, should l)e allowed 
f'U’ a i)eriod of five years, or for the life of the asset, 
>1 shorter. This expenditure should be deducted 
h’Diii profit for income-tax purposes. This should 
also apply to any payment, whether for capital pur- 


poses or not, made by an industrial cmiceru to a 
central research body ai)proved by the IXparlmeni 
of Scientific and hid list rial Ucsearch. 


The Chancellor of Ivxchcciiier further proposed a 
s])ecial allowance of .:o per cent of the cost of new 
plant and machinery ami suggested that, as a pari 
of ]>ost-w'ar I'olicy, the absolescence allowance sliotibl 
be .dveii W’hen plant and machinery are scrapped. 
An aiiinial dejireciation allowance of 2 per cent, with 
an initial allowance of 10 per cent as an imniediale 
instalment, was i>rescribed in the case of factories 
and buildings associated with them for welfare pur- 
poses or storage. 

We understand from a report in Nature 



Sir jvrvmy Rji'^ni.m 
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(February 29, 1945) that a Bill la give eflFect to the 
proposals for the provision of relief from income-tax 
for industry and agriculture during the reconstruc- 
tion period after the war has now been introduced in 
the Ifonse of Commons. The allowance provided for 
ill the Finance Act 1944 resiicct to scientific 

research is now to be extended to payments made 
after April 6, 1944. f Expenditure incurred on build- 
ings, plant and machinery for research after January 
I, 1937 is also |)ropf)sed to be entitled to allowance. 
Industrial buildings concerned with welfare, such as 
sports pavilions, houses for workers at mines or oil 
wells, agricultural buildings and works, it is stated, 
can also qualify for allowances. 

The proposal of the iMiiauce Member embodies a 
sound principle calculated to further scientific and 
industrial research in India. Research is a social 
service where ])enefit is shared by the whole nation 
and represents the most fitting case to which such 
relief should be conceded. This reform in taxation 


measures was long over-due, and it is encouraging 
to note that the Government have at last realized 
its importance and have indicated their readiness to 
undertake the reform. The freedom from taxation 
of research funds is supposed to create conditions 
ill which scientific and industrial research can make 
the largest contribution to the progress of the nation. 
This freedom, when secured, will serve as a great 
impetus to industrialists to make available larger 
sums of money f«)r financing research projects which 
heavy burden of excess profit tax and income tax 
have normally prevented them from undertaking. If 
scientific and industrial research is to have its own 
way in the post-war period, this provi.sion for relief 
from income-tax is a sine qua non. Although the 
idea originated in Britain, the Finance Member 
deserves to be congratulated for having taken a leaf 
out of that country's happenings and suggested a 
similar measure destined to exert a great influence on 
the future scientific and industrial life of India. 


THE CELL-WALL AND IMPORTANCE OF ITS STUDY IN 

MODERN RESEARCHES 

OIRIJA V. MAJUMDAR, 

DKPAR'fMKNT OF HOTANY, PRKSIUKNCY COWvEGE, CALCUTTA 


Introduction 

T/y'HEN the cell was discovered by Hooke in the 
middle of the 17th Century its wall was re- 
garded as interstiiia and not its part. Long after, in 
early 19th Century, Paul ^loldciihawer demonstrated 
by ids new method of maceration that each cell had 
a wall of its own. This led to the study of the origin, 
structure and growtli of the cell wall. The most out- 
standing contribution in this connection was made by 
IVageli and von Mohl. Eames and MacDanicls (1925) 
writing about these authors say ‘*Orew and Malpighi 
laid a substantial foundation for the science of plant 
anatomy ; Nageli and Mohl built the superstructure. 
More recent workers have determined the principles 
of construction and elaborated the superstructure, 
adding details, but have modified the framework ouly 
in minor ways’*. 

In a cell the living protoplast is the structural 
and functional unit, but there cau be no doubt that 
the membrane (C. W.) which surrounds it plays a 
part of considerable importance in its life processes 
and the cell- wall may be regarded as the non-living 
record (?) of some of the metabolic activities of the 
protoplasm. The mechanism of deposition of such 
a wall and its further growth ana development are as 


yet imperfectly understood, but the application of 
modern methods of investigation has helped us to a 
great extent in understanding the siibmicroscopic 
morphology of the cell- wall, and also has yielded in- 
formation of considerable importance to the solution 
of the problem of its growth. 

iMPflRTANClS OF ITS STUDY ANJ> ScOPE 

Apart from possessing a general scientific interest 
the study of the morphology of the cell-wall, parti- 
cularly of fibres, has sonic practical objectives of 
importance to industry, such as, the phenomena of 
penetration of wood by preservatives, digestion of 
pulp wood, easy separation of fibres for textile pur- 
poses, and so on (Scarth, Gibbs and Spier, 1929). All 
these require a clear undcr.standing of the chemical 
and physical properties of the intercellular substance 
(middle lamella), the primary and secondary layers. 
Much work has been done on cell-wall anatomy in 
other countries, but in India the importance of its 
study has only recently been realised and so far as 
I am aware, its study has been undertaken by 
Kundu, Banerji and Ray and Sarcar on jute and other 
fibres of econpmic importance. 

The study of the cell-wall is a problem to success- 
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fully solve which a thorough knowledge of botany, 
chemistry and physics is necessary. The botanical 
aspect i.e,, the growth and development of the cell- 
wall is as important as the determination of its chemi- 
cal changes taking place in the walls during the 
growth and differentiation of a cell. Again a thorough 
knowledge of some of the branches of pliysics is 
essential in order to investigate and understand the 
submicroscopic structure of the cell-walls from their 
])hysical properties, such as, anisotropy, jwrosity, 
hydration, etc., by applying such methods as X-ray 
analysis, examination under polarising microscope, 
hydration, etc. 

Tim Wau, of Adui/i' 

The adult wall is grossly divided into different 
regions due primarily to their difference in chemical 
and physical properties. Karnes and NracDaiiicls 
(1Q25) divided it into middle lamella, primary, 



'PbxX Fio. 1. (From Hailey). Diagram- 

matic cross section of a IrarkeiO with parts 
of seven othor.s. B. Knlarged seetioii of a 
common wall illustrating the Icrmiuology 
applied to different layers of the wall, more 
highly magiiificil. 

a. Truly ksotropic intercellular substance 
(samiddle lamella), h, primary wall. c. outer 
layer of secondary wall, d. central layer 
of secondary wall, e. inner layer of secondary 
wall (tertiary of l{ames). 


secondary and tertiary layers or walls. Later 
researches, particularly that of Kerr and Bailey (1934), 
have proved that the so called middle lamella is really 
different from the cell-wall. Bailey and Kerr there- 
fore proposed the following terminology for the 
distinct layers of the wall : 

(i) Middle lamella or the intercellular material : 
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amorphous, isotropic, mainly compOvSed of pcctic com- 
pounds, often lignified (Mangiiig, i8<S8-qi, Allen, 
1901, Ritter, 1925, Harlow, 1927, Majumdar, 1940 and 
others). 

(2) Primary Wall or Cambial Wall or its hoino- 
logues : faintly anisotropic, more of pectic than of 
cellulose material, capable of growth and e.xlcnsion 
and can undergo reversible changes in thickness. 

(3) The Secondary Wall : additional wall layers 
deposited within the primary wall ; positively aniso- 
tropic, lose their potentiality for growth and ex- 
tension. 

Anderson (1935) thinks that this terminology 
may be used without danger of being misunderstood. 
But Majumdar and Preston (1941) consider that the 
terminology proposed by Kerr and Bailey eannot be 
applied to all cell-walls. If a cell is extending with 
no obvious changes in wall thickness as happens in 
fibres, then the wall may be referred to as primary, 
and when a cell has ceased to extend, subsec iiietit wall 
depositions may !)e called secondary. But in cases 
like collenchyma where the layers of thickness are 
deposited long before extension has ceased the wall 
can neither be called, according to Kerr imd Bailey’s 
definition, primary nor secondary. 'I'liereforc no- 
menclature of wall morphology proposed by Kerr and 
Bailey is much too rigid to include types like collen- 
chyma. Majumdar and Preston have, therefore, 
suggested ‘thickened primary^ for such walls. 

Again detailed investigation of the wall of 
the collenchyma of Heraclcum (Majumdar, 1941, 
Majumdar ’'and Preston 1941) has shown clearly that 
the wall of the adult cell is composed of three distinct 
/ones ; a peripheral, an interincdiale region of cellu- 
lose lamellae embedded in intralamellar pectic sub- 
stances, and an inner zone. These three regions 
differ from one another in both chemical aud physical 
properties. The outermost layer is less extensible 
and less able to respond to swelling reagents, and 
under various treatments frequently becomes riii)tured 
in characteristic ways when the iiileniiediate cellulose 
layers swell out in a balloon or si)iral like manner. 
The recognition of llicsc distinct layers in the wall 
raises the (luestion as to whether the term irriiary 
should be retained for the innermost layer which 
differs both chemically and physically from the outer 
/ones. 


^^Ikthods of Invicstioation 

The following methods are employed (Ander- 
son, 1935 ; sillier, 1938 ; Frey Wissling, 1939; : 

(1) Direct observation of untreated walls reveals 
presence of definite layers, surface markings, stria- 
tions, radial lines, pits, unequal thickness, etc. 

(2) Dsc of specific solvents, «.g., of cellulose, 
pectin, lignin etc., their extraction and examination. 

(3) Colour reactions — phloroglucinol tests as an 
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index of lignificatioii, methylene blue and ruthenium 
red tests for index of pectination, etc. 

(4) Differential staining — staining depends largely 
upon Il-ion concentration ami the i.so-eleclric point 
of the material to be stained, c.g., ILxing material in 
chronioiuvlic acid and then using l)asic and acidic 
dyes of contrasting shades, and then washing in 
ImlTer s<jlution ol certain critical H-ion concentrations 
(Nfayor, 

(s) J.v/i miitlvsis tr) find out kind of and various 
minerals in the wall. 

(6) I’sc of lH)larising microscof>r to distinguish 
isotrojiic from anisotroi>ic substances ; it alstj furnishes 
in formation on the orientation of the subinicroscopic 
units of the wall. 

(7) Use of Sl^iercr /e«.s' -images produced by this 
lens indicate presence of definite structural units of 
ultramicroscoiiic dimensions ; provide evidence of 
micellar structure of the cellulose walls. Seifriz (193b) 
named these units ‘super micelles*. 

(8) Measun nicnt of refracihe /wd/re.s'.— different 
lamellae of the walls have different refractive indices. 

(g) I sc of Jluorcsccni This detects degree 

of liguification of the walls ; they are irradiated with 
ultra-violet rays which on passing through lignified 
walls become visible due to fluorescence. Intensity 
of fluorescence varies with degree of liguification. 

(10) Hydration Under different swelling re- 
agents structural relations appear that are invisible 
under unswollen state ; lamellae arc counted by this 
method. 

(11) X-ray awa/y^/^— indispensable for knowledge 
of ultimate structure of the cell-wall, by this method 
actual size of the molecular and atomic aggregate in 
the wall, their distance apart and their spatial rela- 
tionships are studied. 

Conclusions so far arrived at from such studies 
may be indicated as follows : 

(r) The cclTivalls are not chemically homo- 
geneons : Cliemical substances that may enter into 
the composition of the cell-wall arc: — 

(a) cellulose — typical /?, y, types, hydro- 

cellulose, oxy celluloses ; 

(/)) hemicelluloscs or p.seiidocellu loses wliich 
include pentosans,, xylan, araban, galacto- 
san and mannosaiis ; 

(c) peclic substances — pectic acid, pectates, 
pectin ; lignin, suberin, cutin and other 
constituents like resin, gums, tannin, 
minerals, colouring matters, jirotiens, fats, 
alkaloids, phospholipides, ethcrial oils, 
callose and others. 

(2) The cell-walls arc not physically homo- 
geneous : The cell-walls under different treatment 
show definite lamcllation (which usually vary in 
their refractive indices), striations and surface mark- 


ings of various kinds. They also show anisotropy of 
swelling, of tensile strength, of absorption (dichro- 
isin), of refraction, and porosity (PVey Wyssling, 
1939)* these PTey Wyssling adds holoper- 

meability for salts and sugars, pcnelrability for col- 
loidal dye stuffs like Congo red. P^urlher the fibres 
of cellulose can be transformed into fibres of cellulose 
esters, such as nitro-cellulose or cellulose acetate 
without dissolving them or changing their form. 
vSuch transformation has been named by K. Wyssling 
as permutoid or iopochemic reactu>ns. 

ORICUN AN1> TlIICKKNiNri Ol* TTIK ClCU. WAU. 

To ex]>lain growth in thickness of the cell wall 
Mohl (1853, 185S) advanced his well known Theory 
of Apposition. In 1864 Niigeli suggested that the 
cell wall was composed of subinicroscopic units 01 
micelles, crystalline in nature, arranged in definite 
layers ; each micelle was surrounded liy a film of 
water and that growth involved in the intercalation 
of new micelles between the old ones (Theory of In- 
lussusceplion). The exact mechanism of the origin 
and cell-wall growth is not distinctly known. What- 
ever little is known is liased on the study of walls of 
fibres, such as rhea or ramie, flax, cotton, jute, etc. 

According to Aldaba (1927) the wall originates by 
a process of transformation of hyaline membranes. 
P'arr and ICckersoii (1933-34), and P'arr and Sisson 
(1934) think that in cotton fibres during development 
they have been able to prove the presence of free 
ellipsoidal particles of cellulose covered with a thin 
layer of pectic substance in the cytoplasm (lillipsoidal 
Particle Hypothesis). I'hey think these have sonie- 
thiug to do with the deposition of wall layers. 
Anderson and Kerr (1938) on a reinvestigatioii of tlie 
cotton fibre found the so-called ellipsoidal particles in 
the cytoplasm to be really small plastids containing 
starcli. They forthwith discarded this theory of P'an 
and his co-v»'orkers. 

Sponsler (1934) is led to believe that in the 
process of cell wall formation units of monosacclui- 
roses arc condensed into poly saccharose chains, tiu’ 
bordering protoplasm taking an active part in ilie 
process. Liidtke (1931) in wheat plants found whole 
series of intermediate products from sacchan^se 
(xylose and glucose) to cellulose formation in a series 
of transitional stages, bonner (1935) considers young 
cell-wall to be living (cf. Wiesner, riaiistcen-Craiiner, 
Eaiiios and MacDaniels (1925), Shar]) (1034) ; Wood 
(1024), bowever, considers the presence of signincaiit 
amounts of protoplasm in the cell wall to be .unprob- 
ablc). Bonner and Heyn (1935) consider that cert.^nii 
ions enter the wall from the protoplasm, cause greater 
repulsion between micelles and an increase of 
micellar hydration, thereby increasing the plasticity 
of the cell wall. 



469 


May, 1945 cEix-WAu. and its importance 


ThR F INE OR THE ULTRA-MiCROSCOPIC STRUCTURE 
OF THK Cell Waix 

The micellar theory of NTageli has been proved to 
he substantially correct by modern investigations. 
The work of Frey (1926-28), Frey Wyssliiig (1930), 
Herzog (1925)1 Astbury, Marwick and Bernal (1952) 
7nth polarised light, and -of Meyer and Mark (1928), 
Meyer (1929-5T) and Clark (1950) with X~ray examp 
nation proved that the cell wall is composed of sub 
microscopic units or micelles which arc elongated 
and of a crystalline nature. The crystalline micelles 
are separated from one another by a non-cellulose in- 
terniicellar hydrophilic colloidal material. The hydro- 
philic nature of the material is proved by the fact 
that organic liquids like ether, chloroform, fail to 
cause swelling of the wall when immersed in them. 
The micelle is composed of a bundle of basic cellulose 
groups or molecules. The basic cellulose molecules 
Mppear to be in long glucose residues (glucose minus 
a molecule of water). T,cngth of a chain has been 
variously estimated lo be from 50 — 1000 of these 
■iliicosc residues (M.n'cr. 1020 : Spfmsler, *.;o, 

’ u ; Freutidenbcrg, 1052 ; Seifri/, T954 ; Gibbs, 
r9.^5). These <'haiii like cellulose molecules arc 
;.:roupcd in parallel rows into a bundle or micelle 
(Davidson and Richardson, 1936). The number of 
parallel chains present in a single micelle is from 
|o — 60, its length is estimated to be from 50 to too 
111a, and diameter from 2 0 to 6'6 m/x depending 
upon the source of material. vSi/.c may vary in 
dilTe’eut plant parts, or even in the same cell-wall. 
1'hc forces that hold the glucose rcsi<Uies together in 
»hc long chains are the primary valence forces, while 
the forces holding the chains together in the micelle 
are those of molecular cohesion. In libre cell the 
micelles are grouped into fibrils that collectively 
make up the cell wall (see also Kundu and Preston, 
lOjo ; Preston, 1941 ; Majuindar and Preston, 1941). 
Czaja (1934) after extensive studies of met achromatic 
staining tinds that the molecular hypothesis ade- 
quately accounts for diiTcrential staining obtained 
(Anderson, 1935). 

SpoUvSler (1926-33), and Sponsler and Dore (1926) 
consider that the evidence for existence of micelles as 
definite entities in the cell wall seems to be inade- 
quate ; according to them the wall is composed of 
long parallel chains of glucose residues running 
lengthwise of the fibre. The chains are oriented in 
such a way as to form a spatial lattice of three dimen- 
sions. The cellulose wall is thus considen^d to be a 
coin])lex system built up of very thin molecular 
layers, each composed of long chains of glucose resi- 
dues. Certain layers extend lengthwise of the wall, 
some extend across the wall and other layers form 
definite angles with the lengthwise layers. A single 


fibre cell-wall may be made up of some 4c),fX)o of 
these lattice units in thickness. Tlic wall of a fibre 
cell like cotton consists, according to Sr^ousler, of an 
enormous number of parallel molecular layers and 
not of a sy.slein of brick like units as suggested by 
the iiiiceller liypothesis. Sponsler (1929) tliinks that 
since the inner surface of the wall adjacent to llio 
protoplasm has a definite molecular patti.rrn the forces 
of crystallisation at this surface may form a part of 
the mechanism by which glucose molecules become 
converted into cellulose (Anderson, 1935)- 



M’i xT I'Ki. 2. (After tinUke). Diagram nf 
a small fragineni of a ct'llu!(*se fibre eul 
aw.ty l«> illuslMle the strnelure of the 
wall : a. primary wall; fi. layers of steotul- 
ary wall; c. thin film ol noii-rellulosi* 
material separating the lavrrs in the wail : 

</. spirally wound hundles of lihres ; c. ernss 
elements separating the ljl»re wall Ituo 
segments; f. tihrils composing the spiral 
elements; g. innermost la\er of Hie wall ; 
and It. cell lumen, (I'rom .\n»k*rs«m). 

According to Hess (1928), J.udtl e (ig 30 , Farr 
and Clark (1932), I'arr and licl<crson (i933-.>4) and 
Farr and Sisson (1934), the cell wall is composed of 
definite cellulose units iMicrosco]>ically visible, each 
unit being enclosed in a thin film of nou-ccllulosc 
material that serves to cement the units together. 
Farr and Hekerson consider this non-ccllulose con- 
stituent to be jicctic material with its nature aiqiar- 
cntly varying in different walls. This theory of cell- 
wall structure finds Mipport in the behaviour of ccll- 
wall during swelling, in dissolution by various re- 
agents and in the reaction to certain dyes. Certain 
cellulose staining dyes frciiuently fail to impart colour 
to cellulose walls except when these walls are sub- 
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jected to meclianical pressure. This pressure rup- 
tures the noil-cellulose constituent and permits the 
stain to reach the cellulose particles. 

In this connection the observation made by 
Majutndar (1040) on the chromic acid macerated 
collenchynia cells appears to be interesting. It is 
the iodine and saturated zinc chloride solution that 
gave the most interesting results. Iodine and zinc 
chloride solution gives a light blue colour reaction to 
cellulose. In transverse section this reaction is im- 
mediately noticed, but in macerated material a 
ditTerent action was observed. When macerated cells 
are treated with iodine solution and then immersed 
in zinc chloride they swell. The cells are white and 
lustrous excq)t that in .some cases transverse blue 
lines are seeti in the thictness of the wall in the 
region of the bars. These lines are variously dis- 
tributed, sometimes closely spirally, sometimes dis- 
tantly. In optical section they are seen in the outer 
part of the wall but do not reach the lumen ; in 
surface view they are often seen to stretch right 
across the cell. After some time the light blue colour 
is seen to spread along the surface as individual 
f)atches up and down from the transverse blue lines. 
It takes a comparatively long time for the whole cell 
to turn light blue, but generally the blue reaction is 
confined to the region of the t'cll where these trans- 
verse streaks first appear, while the remaining re- 
gions, in many cases, remain without any colour. 
When, however, the cell is treated with zinc chloride 
first and then iodine solution the wliole of it at once 
takes a brownish or violet coh)iir characteristic some- 
times of cellulose. 

The explanation of the above phenomenon 
appears to be that when /.inc chloride causes the 
swelling of the innei layers the outer layer cracks 
and through the.sc cracks iodine enters and turns the 
cellulose layer blue, then iodine diffuses through the 
lamellae up and down, and the colour reaction 
spreads. It starts from the individual cracks and 
then moves along the cellulose lamellae, and if the 
cracks arc very close the whole region is stained by 
the coalescence of all the light blue patches. These 
transverse and irregularly transverse cracks appear to 
be responsible for tlie characteristic ballooning des- 
cribed in collenchyma and other fibres (Kundii and 
Preston). This is quite in accord with the explanation 
given by Anderson and Kerr (10:^8) of a similar pheno- 
menon observed by »Sakostschikoff and Korsheniovsky 
(1932) in 18—20 days old cotton fibres stained with 
strong chlorzinc iodine solution. The outer layer 
(p.w.) always appears quite distinct. It gave faint 
signs of darkenin;; with osmic acid, but hardly so 
pronounced as to allow any definite conclusion to he 
drawn. 

Anderson and Kerr (fo.^P) hold that cellulose in 
primary wall (p.w.) forms an open meshwork of fine 


thread like strands that frequently anastomose. 
These strands can be made visible by staining the 
wall with Congo red or chlorzinc iodide and examin- 
ing between crossed iiicols. Balls (1919) found two 
opposing systems of fine spirally wound threads of 
cellulose in the walls of 10 days old fibres. When the 
long axis of fibre makes an angle of about 45 degrees 
with the planes of nicols a. third system of transverse 
strands of cellulose becomes visible in many fibres. 
Therefore* Anderson and Kerr assume the presence of 
three systems of fine thread like strands in the make 
lip of the cellulose frame work of the primary wall. 

According I0 these investigators the first secon- 
dary deposition takevS place as a layer of anastoniosimr 
strands that wind in a steep spiral (20 to 30 degrees) 
around the inner surface of the p.w. with frecpieiil 
reversals. The cause of the laminated or stratified 
nature of the secondary wall (s. w.) is little under- 
stood. Balls thinks that there is_ a correlation 
between the number of lamellae and the miniber of 
days during which thickenings take tdacc. Biii 
Kerr (1937) contends that the wall is a conlinuons 
matrix of cellulose and the laminated appearance in 
swollen sections is due to alternations of dense and 
less dense zones of cellulose. He showed thiit wlien 
cotton plants arc grown under constant illumination 
and at approximately constant temperature no growtli 
rings are formed in the fibre wall. He thinks that 
the distribution and thickness of growth rings in the 
wall of the cotton fibre can be varied at will. 

Collenchyma cells of Heracleitin (Mniuindar, 
1940) show beautiful lamellation of their walls when 
macerated by retting in water, or in 5% chromic acid. 
Staining reactions show the presence of pectin - -ri('h 
cellulose— poor lamellae alternating with pectin poor 
— cellulose — rich lamellae. Retting in water com 
pletely removes the pectin — rich — cellulose -pom 
layers. Strong hydrochloric acid treatment of sections 
also does ♦he same thing. In water retted fibres 
iodine followed by 60% sulphuric acid gives a pro- 
nounced cellulose reactions and the wall become 
clearly lamcllated showing light blue and dark blue 
zones alternating throughout the whole wall thick- 
ness. 

Ludtke’s conception of the cell wall seems to 
explain certain facts better than other theories. The 
wall is built iti segments separated by definite cross 
elements. The lamellae are believed to be caused by 
very thin films of non-cellulose materials enclosing 
bundles of spiral fibrils which serve to act as a glue 
binding the cellulose segments together in the wall. 
This structural system is based on the behaviour of 
cell walls during swelling and solution in various 
reagents, and the reaction of fibre cells to certain 
dyes, especially chlorzinc iodide, noted above. 

Bailey and Kerr (1935) think that there is no 
reliable evidence to indicate that the matrix of the 
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cell wall is composed of entities of visible size bound 
together by a non-cellulose material. They believe 
that such putative entities are actually heterogeneous 
fragments that are shredded or disrupted from an 
originally continuous and coherent matrix. If these 
are discontinuous in the structural pattern they are 
confined to the submicroscopic field, i.e., the realm 
of micelles and molecular chains. 



TrxT Fig. S. Scheme of the submicroscopic .structure of 
a fibre by Frey Wyssliiig. c- Cellulose cliains ; wi- -^crys- 
talline cellulose (-micclle.s soisu niigeli), / -interniicellar 
spacitigs (from .Sc. Pro^ir.) 

Frey Wyssling in 1935 proposed at the Inter- 
national Botanical Congress a modified scheme of the 
Micellar Theory (1936, 1939). The diflicully with 
regard to the original theory of Nageli arose in this 
way : The crystalline nature of the micelles were re- 
established by Meyer and Mark in 1930. But its 
brick like structure as envisaged by Scifriz (1929) 
was criticised. How can a brick like structure show 
.such tensile strength as is found in textile fibres? 
Meyer and Mark thought that the cohesive forces 
between the crystallites would be sufficient. Then 
the controversy arose about the length of the mole- 
cular units. The X-ray analysts showed a minimum 
length of about 600A, whereas Staudinger (1932) 
measured by his viscosimetric method cellulose chains 
of 10,000 to 1 5, 000 A, i.e., i to fi in length. Frey 
Wyssling ’s modified scheme, he tliinks, satisfies both 
points of view. The X-ray analysis of fibres 
(Astbury, 1933 ; and Meyer and Mark, 1930) con- 
firmed the result that the fibres must be built up of 
crystalline rodlets of cellulose. Heiigstcnberg and 
Mark (1938) calculated that the rodlets arc about 60A 
broad and at least 600A long. Both the polarising 
and X-ray methods furnish the same result, and 
establish definitely, that the fibre walls are rodlel 
mixed systems. According to Frey WyvSsling “the 
cellulose chains are several times longer than the 
crystalline micelles revealed by the X-ray analysis. 
There must be regions where these chains crystallise 
together and other regions where they arc not suffi- 
ciently close or regularly parallel to form a crystalline 
lattice. In the older theory the cellulose was the 
^fispersed phase and the intermicellar system the dis- 
persion medium, while here the intermicellar spaces 

3 


appear dispersed within the cellulose as a dispersion 
medium**. Then by deduction he envisaged a reti- 
cular system holding that the micellar and inter- 
micellar systems are continuous and penetrate each 
other (cf. Bailey, 1938, where he speaks of the exist- 
ence of two continuous interpenetrating system). 
Therefore, the micelles of Nageli correspond to 
crystalline regions within a continuous, porous 
structure. In this scheme individual micelles do not 
exist. The cellulose chains arc very long, slender, 
and practically endless. They form a micellar frame- 
work with crystalline regions which cause the remark- 
able intrinsic double refraclion first discovered by 
Ainbronn in 1910, but significance not understood at 
the time. He seems to have proved further that the 
intermicellar system of cell wall is an iiitercommuiii- 
cating heterccapillary one. The anisotropic swelling 
is caused by the uptake of water into the intermi- 
cellar system and the unusual penetrability of this 
sy.stem is explained by its continuity, which permits 
rapid diffusion in all directions. The discrepancies of 
density and double refraction arc caused by the empty 
spaces in the micellar system. 

The following conclusions may be drawn from 
facts so far accumulated : 

(1) Chemically the cell wall is heterogeneous. 

(2) Physically the cell wall is also heterogeneous 
including optical heterogeneity. 

(3) The cell wall is extraordinarily anisotropic. 

(4) The cell wall is siibniicrospically porous. 

(5) It is also holoperineable to salts and sug.ars, 
and permeable to colloidal dye stuffs like Congo red. 
It also gives pernuitoici or topochcniic reactioirs. 

(6) The cell wall can be divided into primary, 
secondary and perhaps into tertiary layers or regions. 
The lamellae differ in chemical and physical pro- 
l)crties. 

(7) The .skeletal framework of the wall is made 
up of practically ‘endless* cellulo.se chains forming 
a micellar framework with crystalline regions 
( = micelles of Nageli), called by Frey Wyssling a 
reticular system. The intermicellar system is a con- 
tinuous heterocapillary system. 

(8) The chains are oriented, almost longitudi- 
nally, parallel to the fibre axis, but in the majority 
of cases a spiral stnicturc, flat or steep, obtains. 

{9) The intermicellar sjiaccs are filled with non- 
cellulosc materials of amorphous and colloidal nature. 

(10) During the stretching of tlie primary wail 
the orientation of the submicroscopic structure also 
changes, as in collenchyma ; in walls of fibres, like 
jute and hemp, during development the inclination 
of the originally spirally wound initial changes in 
accordance with change in dimension at some stage 
of growth. 
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CONSERVATION OF METAL RESOURCES AND THE FUTURE 
OF GLASS INDUSTRY WITH SPECIAL REFERENCE TO 
POST-WAR PLANNING IN INDIA 

ATMA RAM 

CKNTRAI, r.tASS & CERAMIC RK.SEARCH I.VSTITUTK 
COUNXir, OF SCIENTIFIC AND INDUSTRIAI, RESEARCH, DI-XHI 


(Continued from 

In a recent jniblication^ the writer described the 
development of the modern Indian glass industry. 
The early attempts to establish the industry had not 
been very successful and even the association of a 
number of foreign experts such as Germans, English, 
Austrians etc. did not prove very helpful. Some of 
these factories, however, struggled hard and exist 
even to-day, though under different names. A 
careful analysis of the so many failures in these 
early attempts leads one to ascribe them to the 
following reasons : — 

1. Lack of efficient organization and quarrel 
between experts and financiers. 

2. Foreign experts* ignorance of Indian con- 
ditions and financiers* impatience for quick 
results. 

3. Lack of technical skill on the part of 
Indians and consequent dependence upon 
foreign experts. 

4. Improper location of the factories in 
some cases, as for example a factory at 
Raj pur (on the Dehradun — ^Mussoorie Rd). 

* Atma Ram, /. Sci. & Ind. Res., 3, 66, 1944. 


the last issue) 

The Japanese methods initiated by Mr I. D. 
Varshney were successful and the reasons might 
have been the suitability of the Japanese furnaces to 
small unit.s, comparatively less expenditure in the 
initial stages and the ease of working them. Further 
no machinery was required for Japanese types of 
furnaces. This success was largely achieved due t(^ 
the supply of workers trained at the Paisa Fund 
Training Centre, Ambala and Bahjoi mainly through 
the efforts of Mr I. D. Varshney, the doyen of tlie 
Indian glass industry. The workers trained under 
German workers helped in the growth of the glass 
industry, since their methods of working were better 
than those of the Japanese. The technical staff of 
several of the present leading glass factories in India 
has either been trained at these works or under 
persons who received their training there. In fact, 
the Indian Industrial Commission paid a tribute to 
the ability of the glass industry to supply the demands 
during the last Great War mainly to the efforts of 
this training centre and appreciated its work in the 
following terms. 

“Useful work has been done by the Paisa Fund at 
Talegaon Glass Works and it is certaiu that the recent 
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developments of the glass industry in India have only been 
possible by reason of the blowers trained in this factory”. 

While, as a result of the war impetus, the 
industry was undergoing expansion in the country, 
an event of a rather threatening character, which in 
the post-Great War years brought the Indian Glass 
Industry almost to the verge of ruin, also happened 
during this period. Japan seized the opportunity 
when other exporting countries were engaged in the 
war and established a very substantial market in 
India where it had almost no position before the 
war. In spite of all the efforts, India could only 
sppply a part of country’s requirements. During the 
four years of the last Great War, the Japanese 
imported very large amount of iiiachinery from the 
U. S. A. and established a well organized glass 
industry based on mass production. 

Apart from the development of this industry on 
Tiiodern lines, the manufacture of glass bangles, a 
specialized article of Indian requirements, was also 
being pushed on in India chiefly at Firozabad in the 
United Provinces where it is said to have been started 
from the Mughal days. This began entirely as a 
cottage industry with very little co-ordination and 
the art of making bangles has passed down from 
generation to generation with the result that there 
is now a definite class of ^luslinis at Firozabad 
known as Shishgars (the glass makers). During the 
early days, bangle-makers used local made crude 
glass and broken pieces and melted them along with 
soda ash from reh or with saltpctere in their crude 
wood-fired furnaces. The products were not very 
attractive and could be sold only at very low prices 
in comparison with the superior imported Czecho- 
slovakian and Japanese bangles. One of the reasons 
wily this branch of the glass industry did not face 
many failures, although not very prosperous, was the 
indigenous character of the technique ; it was not 
an imitation of other people’s practice ; also it did 
not require large furnaces, complicated machinery 
etc., hence it did not involve much capital expen- 
diture and consequently it had less risk of heavy 
losses. It is estimated that during the.se attempts 
the country suffered a total loss of about half a crore 
of rupees even in these small adventures. 

These scattered attempts continued till the out- 
break of the last Great War in 1914, which gave an 
impetus to the glass industry due to the stoppage of 
imports from the major exporting countries such as, 
Germany, Austria, Belgium etc. The production of 
ihe older units increased and new factories were 
started to meet the sudden demands. Several glass 
bangle factories were also started at Firozabad and it 
was during this period that this section of the industry 
became somewhat established at this centre. The 
industry had thus considerable expansion in its 

activities. 


Condition of the Glass Industry in thu Allikd 
Countries during thk last Grkat War 

It may not be out of place to mention here that 
the condition of the glass industry in some of the 
principal Allied countries was not very satis- 
factory at the outbreak of the last Great War. For 
instance, in England, a considerable portion of her 
requirements particularly in^ optical and scientific 
glassware, was supplied principally by Germany 
which was at that time sufiiciently far advanced in 
the technique of glass manufacture. Due to the un- 
satisfactory condition of the home industry and the 
total stoppage of all exjiorts from Germany, Great 
Britain was exposed to severe hardships. In this con- 
nection the following remarks of Professor Turner 
are worthy of mention : 

“The glass industry is carried on very largely by rule- 
of-thumb methods. 

No course.s of instruction in glass manufacture appear 
to be given in the United Kingdom. 

V^ery little trustworthy literature exists in the Knglish 
language on the subject of glass mnnufacture. 

There is great need of research in gla.^s-niaking pro- 
cesses”.* 

“We all know fully well how certain iinlustries had to 
be created; the production, for exami)le, of scientific, glass- 
ware, .such as flasks, beakers, and all other types of appa- 
ratus ungraduated or graduated, almost all of which had 
l.)een itnported before the war, had now to be made, and 
in very large quantities, in order to supply, not only the 
scientifle institutions which were important customers before 
the war, but also the innumerable laboratories set up to 
control all kinds of war munitions. Optical gla.s.s now 
needed in a va.stly increased quantity for naval and military 
purposes had to be provided. The lamp working industry, 
which did not exist as an industry, or, at any rate, was a 
wholly negligible quantity, assumed enormou.s dimensions 
and supplied all .sorts of surgical glass inslruments, mine- 
horns and general scientific ware.”" 

War is a dreadful happening, but such limes 
also bring home many deficiencies in the organiza- 
tion of the country. For instance, regarding the 
industries and their functions, the last great war 
clearly demon.slrated : 

(1) That industries play a very fundamental r 61 e 
in ensuring prosperous and stable conditions for the 
welfare of the country, both in times of peace and 
war. 

(2) That as such the State being the ultimate 
custodian of the interests of the people is responsible 
to ensure that the industries are properly developed. 

(3) That State measures in their different forms 
such as tariff protection, technical aid, financial 
assistance etc., can be effective in creating circum- 
stances for their healthy development. 

(4) That no industry which does not bring to its 
aid the application of scientific knowledge can hope 
to survive in modern industrialization, and conse- 
quently application of scientific knowledge and 

’Turner, W. E. S.., /. Soc. Glass Tech., 20, 1, 1937. 

•ibid., 5, 139, 1922 . 
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abundant and regular supply of trained workers 
constitute one of the fundamental essentials for 
industrial development. 

Even before the last Great War, many of the 
glass producing countries, for instance, Germany, 
France, the U. *S. A., Swit/.erland etc., had been 
following the policy of protecting the industry from 
unfair foreign competition. The U. S. A. granted 
protection to the extent of 60-80%. The last Great 
War brought home to these countries the necessity 
of develoi)iiig these industries so that they could be 
independent of foreign exports. Tlie production of 
glass articles of different varieties expanded in all 
the countries and new industries, particularly scientific 
glassware and optical glass, were created. 

Post-Gre\t War Development in other CountriEvS 

(а) Inlroduction oj the Machine and its Influence 
on the development oj (Hass Industry. — An important 
event in the history of glass industry during this 
period was the increasing use of machinery in glass 
manufacture. Before the Great War, although few 
machines such as Owen’s machine had been invented, 
and their use had proceeded beyond the exjierimental 
stage, they were not largely in use. During and 
after the Great W’ar, there was a rapid and wide- 
spread introduction of machines both automatic and 
semi-automatic for different processes of glass manu- 
facture and practically the entire character of the 
industry both commercial and technical underwent 
a fundamental change. In mechanization, although 
different countries have taken part, it is largely the 
American talent that has made the manufacture of 
glass a highly mechaniz.ed industry for ma.ss pro- 
duction. The introduction of machines has had a 
very great influence on other branches of glass manu- 
facture such as th^ type and size of furnaces, the 
kind of fuel used, the type of raw materials etc. 
Moreover, the introduction of the machines had 
a great effect upon the location of the industry, it 
being no longer necessary to locate factories in the 
areas guaranteeing availability of skilled glass work- 
men. The training of both the operatives and 
supervising staff based on an understanding of 
fundamental scientific principles assumed a central 
r61e in the development of the industry. Whereas, 
the credit of inventing the machines goes principally 
to the inventors ; their real succe.ss on a commercial 
scale has in no less degree been due to the combined 
efforts of the physicists and chemists by placing at 
the disposal of the operatives the type of glass best 
suited to the particular machines. For instance, the 
success of the auto.iiatic blowing machines has been 
possible through the supply of proper type of glass, 
having the requisite chaiactcri.stics of viscosity. 

(б) Beginning of the SrAcntc of Glass Techno- 
logy, — ^Although the art of glass manufacture had 


attained a sufficiently high degree of perfection in some 
of the European countries such as Germany, Austria, 
England, Czechoslovakia, etc., most of the processes 
and their implications, if at all understood, were still 
closely guarded secrets of the inventors and manu- 
facturers. The art of making optical glass was almost 
a monopoly of the firm of Schott and Abbe of 
Germany. As such, the manufacture of glass mostly 
remained a skilled art of the practical glass maker 
without its scientific basis being understood. One 
of the important events brought about by the hap- 
penings of the Great War which changed the entire 
aspect of the manufacture of glass w’as the applica- 
tion of science which gave birth to modern glass 
technology. It was realized during this period that 
without a proi>er understanding of the scientific 
implications of the i^rocesscs glass indu.stry could not 
make a headway. vScveral laboratories w^ere opened 
in different countries ; scientific societies dealing 
with glass were organized and several important 
organizations were established. The various labora- 
tories that were started during and after the war have 
provided not only the place for the discovery of new 
processes and understanding of the old ones but have 
also been largely responsible for a supply of trained 
workers who are the back bone of modern industries. 

The basis of each operation is being understood 
in the light of scientific knowledge. The feelings of 
cmi>iricism and secrecy, so common in the pre-Great 
War period, have disappeared making room for the 
full fledged science of glass technology. It is 
natural, therefore, that those who still believe in 
secrecy and empiricism cannot expect to stand in the 
field of competition backed by scientific findings and 
training. 

Post-Great War Conditions in India 

Thus tne period following the last Great War 
witnessed a steady progress towards perfection of the 
glass industry in Europe and America. In India, 
howwer, the industry had a different history in the 
Post-Great War period. 

Shortly after the conclusion of the war, imports 
of glassware began to pour into India at a very rapid 
rate and the temporary prosperity enjoyed by the 
industry due to abnormal conditions created by the 
war almost disappeared. Such a sequel was, in fact, 
predicted by the Indian Industrial Commission who 
ba.sed their argument on the finding that other neutral 
countries had also developed their resources, parti- 
cularly the manufacture of glassware. Moreover the 
belligerent countries after return to normal conditions 
began to intensify their industrial activities with a 
view to get back lost markets* The Indian glass 
industry which was still in its infancy fell an ea.sy 
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prey to such conditions with the inevitable result 
that the market was dumped by foreign imports, and 
several factories had to close down. As a matter 
of fact, the year 1920-21 witnessed the highest im- 
ports (Rs. crores) of glass articles into India. 

The glass bangle industry also had had a bad 
shaking and the market was full of the Japanese type 
of bangles (Reshmi) which were cheap and altrac- 
tive. This severe external competition brought in its 
trail internal competition with the consequent 
decline both in quality and quantity of the goods 
produced. The industry struggled and passed 
through the worst phase of its existence till the 
Svvade.shi Movement of 1930. The Indian articles 
again appeared on the market in increasing quanti- 
ties. During this period there was an all-round im- 
provement in the different branches of the industry 
and the quality of the articles improved coii.siderably. 
The manufacture of scientific glassware was also 
initiated and this has been responsible for meeting 
the demands of this type of glassware during the 
present war. 

Prrshnt Position ok thk Industry 

It was under these circumstances that the present 
war broke out which has again given a great im- 
petus to the Indian glass industry. The import of 
glass articles into India has substantially diminished 
and there has been considerable expansion in the 
activities of the industry. In addition to the in- 
creased production of the already produced glass- 
ware, some new types of articles such as electric bulb 
shells, neutral glass, signal glass, boiler gauge glass 
have been produced, and although their quality may 
not, in some cases, be comparable to that of the 
imported stuff, they have succeeded in meeting the 
war requirements of the country. Prior to this 
period, having passed through a state of chronic 
depression and, consequently, of technical backward- 
ness, the industry has not been able to fully utilize 
the opportunities created by the war and many im- 
portant and key materials such as optical glass, 
toughened glass, fibre glass, foam glass, etc. which 
have made glass an article of war strategy, are not 
produced in the country. 

The industry is concentrated in a few centres 
mainly western U. P., Calcutta and suberbs and the 
Bombay area. Factories are, however, scattered all 
over the country and although so far no particular 
attention has been paid in deciding the location of 
factories, consideration of the availability of market 
m the area appears to have had a predominating in- 
fluence in such selections. The total number of fac- 
tories including glass bangle factories of Firozabad 
IS about 150. There is quite a large number of 
small cottage bangle works not covert by the Fac- 


tories Act and these together i)roduce a substantial 
portion of the total quantity of glass bangles pro- 
duced in the counlr3^ The size of the glass factories 
is not very large, and the number of factories with 
a capital exceeding a few lakhs of rupees is indeed 
very small. The biggest glass factory in the coiinlry 
is the U. P. Ola.ss Works which, although the oldest 
and biggest producer of sheet glass, also manufac- 
tures different type of blown ware articles. 

The total production of glass articles in the coun- 
try before the war including that of glass bangles 
was valued at about one and a half crores of 
rupees. The present figures for the production of 
glass articles are not available and, even if they are, 
they cannot be very reliable in view of the high 
fluctuations in prices. Moreover, due to the scarcity 
and control of many of the materials .and fuels the 
total production capacity of the industry has never 
come into play. It is believed, however, that in 
tonnage the production of the glass articles has be- 
come doubled. 

The quality of the articles produced in India had 
show^n improvement before the outbreak of the 
present war, but of late due to several reasons such 
as the restricted supply of chemicals, shortage of 
fuels, difficulty of transport, and also in the 
absence of foreign competition every article having 
become saleable, the quality of the products has 
somewhat deteriorated. The appearance and finish 
of the articles are not very satisfactory. They are 
rather dull and in some cases are even deformed. 
The annealing is i)oor, and this is one of the major 
defects of the Indian products. Due to bad anneal- 
ing, Indian made articles give way under slight 
changes of temperature ; their mechanical strength 
is also low. The articles develop cracks during 
storage. In some of the factories, the annealing kilns 
are of crude designs and are wasteful in fuel and un- 
healthy to workers. In the absence of a properly 
determined amicaling .schedule, the routine proce- 
dure, as practised, has hardly any value. In these 
days of shortage of fuel and chemicals, it can easily 
be realized that if the technique and operation of 
annealing which is one of the most important 
operation in glass manufacture can be properly 
organized, the quality of the glass goods will con- 
siderably improve, and the amount of fuel and chemi- 
cals required on an overall basis will also be reduced. 

There is at present, with very few exceptions, 
very little control exercised on quality during pro- 
duction. Most of the operations are still carried out 
by the rule of thumb, and secrecy still guides the 
field of manufacture. 

There has been a tendency towards the employ- 
ment of better types of furnaces, but in many cases 
the subsidiary furnaces such as the annealing kilns, 
glory holes, etc. are very disappointing, particularly 
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in view of the great developments that have taken 
place in this particular field. 

With the excei)tioii of a few centres that have 
been training students in glass technology and the 
advice and help which the manufacturers may have 
been receiving from the Government departments 
such as the Glass Technologist to Government, 
United Provinces, the Glass Chemist to Government, 
Bombay, there is no central institution to advise and 
help the industry in its efforts to develop on modern 
lines. 

Very little information is available on the re- 
sources of raw materials required for the glass in- 
dustry and much less about their properties. No 
organized survey of the raw materials has been 
carried out so far and unless the raw materials are 
properly charted, it is difficult to see how the in- 
dustry can develop. The Industrial Research Bureau 
had organized the survey of glass raw materials and 
quite an extensive work was done, but so far no 
report on the results has been published. 

Factors Favourablic to the Industry 

Let us now examine whether the glass industry 
in India has the essentials for its successful esta- 
blishment in its favour or it is one which has to 
depend on imports from other countries. In any 
such examination, the following broad items have to 
be considered ; 

(i) Availability of raw materials ; (a) Market ; 

(3) Direction, both technical and commercial ; and 

(4) Location of factories, 

(i) Availabilily of raw materials . — ^Tlie basic raw 
materials required in the production of glass arc 
sand, soda ash and lime. The other materials re- 
quired for special purposes are felspars, manganese 
dioxide, zinc oxide, lead oxide, borax, selenium, 
arsenius oxide, cobalt oxide, chromium oxide, sul- 
phur etc. 

Sands and lime are available in the country and 
with the establishment of the soda ash factory by 
Alkali and Chemical Corporation of India and the 
Tata Chemicals, Limited, this important material 
which has hitherto been imported from abroad will 
also be produced in the country. Some of the other 
materials required for special purposes are also avail- 
able. Selenium, borax etc. arc still imported, but 
after the termination of hostilities there will be no 
serious difficulty in obtaining these chemicals. Fuels 
and refractories, although not included amongst the 
raw materials, constitute an important item of ex- 
penditure in the production of glass. The material 
produced by the refractory inanufa:cturers in the 
country is regarded as satisfactory. Ptior to the 
declaration of war, pots required in glass manufac- 
ture used to be imported from Japan, but in the 


absence of Japanese imports a number of glass works 
are making their own pots. The Ganga Glass Works, 
Balawali, which had been making some pots even 
before the outbreak of the present war, have specia- 
lized in this particular branch and their products 
have in some respects been found even superior to 
the imported Japanese pots. It may, therefore, be 
said that the resources of the principal raw materials 
are abundant in the country. 

(2) Market . — Regarding the market, as already 
pointed out, India imported glass goods to the ex- 
tent of about 1% to 2 crore of rupees before the out- 
break of war. The total production in India has 
been estimated at about the same figures. Moreover, 
with the increase of industrialization and general 
advancement in the economic life of the country, 
standard of living is expected to be raised. There is 
every possibility of greater utilization of glassware 
and, as already discus.sed, if the quality of the Indian 
glass can be improved the total consumption of 
these articles will increase very considerably. It is 
evident, therefore, that as regards market there is a 
wide scope for the industry. 

(3) Direction, both technical and commercial . — 
Taken as a whole the glass industry is highly techni- 
cal in nature and requires for its development a sound 
knowledge of sciences like physics and chemistry, 
and of engineering with special reference to furnace 
designing. The present advanced position of England, 
America and other countries in this industry 
is largely due to the increasing application of .scienti- 
fic methods to glass manufacture. In India, the pre- 
sent conditions of technical training in glass inaiui- 
facture and arrangements for research are not at 
all satisfactory. It is to be feared that with the pre- 
vailing backward state of technical knowledge the 
industry may not be able to stand the severe com- 
petition to which it is likely to be exposed after the 
present war. The industry does possess natural 
advantages, and if it could have the benefit of trained 
Indian personnel there is no reason why it should 
not be able to establish itself more firmly than before. 
The present war more than anything else has brouglil 
into prominence the necessity of having trained 
technicians in the country. 

There is plenty of labour available in the country 
for the glass industry and the average worker has 
shown remarkable aptitude and skill. It will not be 
incorrect to say that, given the opportunity, an 
average Indian worker will not be found inferior to 
any worker anywhere in the world. There is a great 
and urgent ne^ for raising the technical standard of 
the personnel and for ensuring the supply of really 
capable and trained men to the industry. 

(4) Location , — ^The proper location of the industry 
as one of the determining favors for its success is 
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now being critically studied practically all over the 
world. The P.E.P. (England) has recently published 
a very extensive report on “Location of factories in 
Great Britain”. Location of factories is certainly a 
very debatable topic and can occasionally make all 
the difference between success and failure. The most 
salient points governing their location are constant 
availability of raw materials, nearness of markets, and 
supply of efficient labour and suitable climate. Some 
people, however, lay great emphasis on locating fac- 
tories near the source of raw materials. This is, 
always not very helpful, and sometimes question of 
freight on finished goods and nearness of market 
become the deciding factor. Glass is a fragile article 
and liable to greater losses during transit if it has 
to be hauled over long distances. Being volumin- 
ous, the freight is also not inconsideralde. It is 
apparent, therefore, that the nearness of the market 
I>lays an important part in the location of the glass 
factories and this is evident frojn the success of so 
many factories far removed from sources of raw 
materials, such as those in northwest U. P. and the 
Punjab. 

Potentiality oe the IndUvStry 

From the foregoing account it is easily seen that 
the various factors which are considered essential for 
the success of any industry are such as to favour its 
growth and development in this country. A remark- 
able feature of the industry is that it shows signs 
of prosperity and progress whenever economic con- 
ditions such as those prevailing during the war which 
prevent tlie exporting countries from exi)orting 
glassware into India arc obtainable. This has been 
amply demonstrated by the ability of the industry 
to meet the sudden demands created in the successive 
wars to the best of its capacity. After the last Great 
War it passed through a crisis which may have in- 
volved its very existence. That may be one of the 
reasons why the glass manufacturers have been 
rather too cautious during the present war, since 
without proper measures from now similar catastrophe 
may overtake them after the terniinatiou of present 
hostilities. Whenever conditions have been favour- 
able, the industry has undergone expansion and im- 
proved the quality of its products. These happenings 
make it clear that there is nothing inherently wrong 
with the industry ; it has never enjoyed a period of 
prosperity to overcome the difficulties that have re- 
tarded progress. 

C.\usEs OK THE Backward State ok the IndUvSTry 

We may now analyze the various factors that 
have contributed to this stagnation in spite of the 
industry possessing potentiality for development and 
fhe essentials that govern the success of an industry 


being favourable to its growth. One who has read 
the history of the growth of this industry in other 
countries specially in the Great War and Post-Great 
War period will easily realize the important part 
which economic conditions and State aid have had 
on its growth. For instance, in England the glass 
industry particularly the manufacture of scientific and 
optical glassware which had undergone considerable 
expansion during the war, has had to face competi- 
tion from foreign countries after the termination of 
hostilities, and it was ultimately in 1932 that the 
Import Duties Act afforded the necessary protection. 
The effect of these circumstances can be easily 
realized from the following words^ of Prof. Turner : 

“The war period of some four and a third years jkfave 
these industries the opportunity for pro>;ress and consolida- 
tion; but commercial conditions in such a period are .also 
different from tliose of peace limes and it: was feared by 
some that the strength of post-war competition from 
Oermany and Czechoslovakia, which had previously been 
.the source of supply, would he so great that the new 
industries might again relapse. But the lesson that chemi- 
cal and general scientific glassware was a vital necessity 
for the control of munition's supplies had been thoroughly 
learned, and in consequence they were included in the 
materials which received special protection from the tariff 
imposed under the Key Industries Duly. This measure of 
state aid clearly gave, and has given, invaluable assis- 
tance". 

After experiencing a heavy sliakc-np the Indian 
Glass Industry represented to tlic Government to 
have its case examined by the Tariff Board for pro- 
tection and the Government agreeing to this request 
directed the Tariff Board (President, Dr John 
Matthai) to undertake the investigation. The Indian 
Tariff* Board examined in a very critical manner the 
various causes that contributed to this stagnation 
and in a masterly analysis of these circumstances 
the Board came to the following conclusions® : 

(1) “We .arc, therefore, satisfied that on the balance, 

the glass industry docs possess certain natural 
advantages as to justify its claim for protection." 

(2) “We arc convinced that unless any tariff assistance 

granted to industry is supplemented by suitable 
organization for training and research, the progress 
of the industry will be slow and incommensurate 
with the burden wliich our proposals will place 
on the country." 

The Tariff Board therefore recommended : 

(1) grant of protection to the industry, and 

(2) the establishment of a Central Institute in 

glass technology to help the industry 
ill technical matters. 

The Government, however, did not agree to the 
reeoimiicndations of the Tariff Board mainly on the 
ground that soda ash, one of the principal raw 
materials for glass, was not available in the country, 
but to help the industry they agreed to give a certain 

♦Turner, W. E. S.. Proc. Soc. Glass Tech.. 22, 28, t»38, 

• Rep. Indian Tariff Board, 52, tOt, 1932. 
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amount of rebate on the amount of soda ash used. 
The idea of establishing a Central Institute receded 
to the background. Several years later, in 1938, the 
U. P. Government which is the home of the glass 
industr}" and particularly that of the glass bangle 
industry opened a glass technology section attached 
to the Department of Industries and appointed Dr A. 
Nadel as the Glass Technologist, who has continued 
in that capacity. 

It is a well accepted principle that when any 
enterprise is to face serious competition from outside 
it invariably develoi)s internal competition amongst 
its individual members. The Coal industry is another 
instance, where the price of coal before the war had 
fallen to a ridiculously low level and consequently 
there was increavsed adoption of crude methods of 
mining. The inherent consequences of such internal 
competition arc wasteful metliods of production, low 
wages, inferior quality of products and so on, which 
contribute to its rapid decline. 

It is generally argued that the backw’ard state 
of the industry is due to lack of application of 
.scientific methods to industrial production which 
placed other countries in a strong position, but the 
application of scientific methods to produce the best 
products wdiicli may be called healthy competition 
is a con.sequcnce of prosperity and favourable 
economic conditions. It would be unwdse to deny 
the paucity of trained men in the country, but the 
conditions had been .so severe that even the few 
trained men could not find suitable emidoymcnt in 
the country and their training obtained on a high 
expenditure almost could not be of any use. The 
internal competition produced a feeling of indivi- 
dualism and suspicion amongst the different manu- 
facturers with the result that they could never 
organize themselves against foreign competition. 
After the Great War, the glass inainifacturcrs 
made an attempt to organize themselves into an All 
India Glass Manufacturers’ Association, but it did 


not make much headway. The organizational defects 
of struggling industry can be removed to a consider- 
able extent under conditions of economic stability. 

To sum up, the main causes of this stagnation 
may be a.scribed to (i) unfavourable economic con- 
ditions, (2) lack of internal organization, (3) low 
technical standard, and (4) absence of a Central 
Institution. 

Som Post-War Aspects 

Case for Protection . — The foregoing considera- 
tions will inevitably lead one to infer that glass 
industry now^ occupies a key position ; it is not a 
war time industry. In fact, provided circumstances 
remain favourable it has a great potentiality and, as 
di-scussed in the last issue, it is expected to ]>lay a far 
more important role in the post-war period. The 
causes of its unsatisfactory position have already been 
analyzed. The Tariff Hoard in 1932 had established 
that the industry had suffered from unfair foreign 
competition, specially the Japanese, and needed sonic 
protection. But the conditions of 1932 have no\r 
changed and need reconsideration. The recent 
assurances repeatedly given by the Hon’blc Sir 
Ardeshir Dalai with his characteristic emphasis that 
the policy of discriminating protection to deserving 
industries will be liberalized have, therefore, aroimcd 
great confidence in the mind of glass manufacturers 
wdio with the end of war in sight had again begun 
to be obesscssed w ith the repetition of past experience. 

Critics of the Government generally argue that 
protection was not given to the glass industry in 
order to safeguard the British interests, and the Gov- 
ernment do not generally encourage Indian industries. 
In the case of gla.ss industry, this view does not seem 
to be borne out by facts, since most of the inii)orts 
of glassware into India have been from countries 
other than the U. K. ; the major portion coming from 
Japan. (Table I). 


T.\DhE I* 

PBkCliNTAGH OF VaLUK OF EACH KIND OF GLASSWARE IMPORTED 
FROM different COUNTRIF^S IN INDIA DURING 1938-39. 



Czecho- 

slovakia 

Japan, 
54- 1 

Italy. 

Ger- 

many. 

British 

Empire. 

U.S.A. 

Austria. 

Belgium. 

other 

Baiigle.s 

39- 1 

54- 1 


1-8 

2 1 




29 

Beads and false pearls 

328 

36-3 

261 

6-7 


, , , 

2 1 

■ 1 

20 

Bottles-S<>dawater bottles .. 

... 

64-4 


20*7 

180 


... 

... 

0-9 

Other bottles and phials .. 

i 6-1 i 

640 


20-3 

6-6 



... 

40 

Lampware 

15-5 j 

13-7 


48-9 

81 

4*5 

7-4 

... 

1-9 

Scientific glassware 


20-7 


570 

18-6 



... 

3-7 

Sheet and plate 

2-9 ; 

1 30*2 


12-3 

12-2 



40-6 

1-8 

Tableware 

Other kind.s . ..V 

— . Ju 

5-8 

72-2 


6-8 

10-3 

... 


... 

4-9 

4'8 

1 1 

521 

2-5 

109 

160 

... 

... 

.. 4 



• Science and Culture, o. 286, 1944. 
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These figures clearly show that the rejection of 
Tariff Board’s proposals did not help the British Glass 
Industry, but incidentally assisted Japan to capture 
a good market in India. It was probably the insis- 
tence on technicalities (the chief argument being that 
soda ash, the principal raw material being still an 
imported product, the industry did not satisfy the 
conditions of P'iscal Commission) that a well presented 
case was rejected. 

One may argue that after the grant of protection, 
tlie industry being comparatively free from foreign 
competition will neglect the interests of the con- 
sumers and no attempt will be made to improve 
methods of production and cheapen the goods. This 
is rather an extreme view. After all no industry, 
liowsoever, patriotic the Government may he, can he 
given a life long protection and the grant of pro- 
tection for a certain period amounts to giving a 
cliance to the industry to prepare itself to ultimately 
withstand unfair foreign competition, (xlass industry, 
:is recommended by the Tariff Board presided over 
by an eminent economist like Dr John Mattliai, 
rlcscrves such a consideration. 

Development of the Industry an Modern Lines. 
Hut i)rotcction alone is not the panacea for all 
evils. The industry will have to he organized on 
modern lines. The technical standard wdiich is one 
of the contributory factors to cheap and quality pro- 
duction will have to be raised. The present position 
riiid size of many of the factories is not very con- 
ducive to many of the technological developments. 
After the last Great War, glass has become a highly 
technical industry and the Tariff Board was right in 
stressing this point. Unless the .size and working of 
the factories can become of the economic standard, 
it is difficult to see how the aid of modern techno- 
logical knowledge can he brought to hear upon the 
development and progress of the industry. In the 
ahsenc'c of these conditions it appears even futile to 
lay much stress on the high standard of training 
or employment of foreign experts. The field for 
the display of their talents is a prere(iuisitc to their 
cmidoyment and must naturally come first 

The (luality of the products has to he improved 
and the fears of the coUvSiimcrs that in the absence 
of competition the industry show's little anxiety for 
quality may not be altogether unfounded. During 
such times when every article is saleable, the i^ro- 
duccr is really on test, since in normal periods he 
will have to appeal to^the consumer for patronage to 
purchase his goods. No doubt, the scarcity of some 
essential materials has contributed to this deteriora- 
tion in quality, but the existence of free and suffi- 
ciently large market has also had its effect and in 
the absence of technical guidance, small units 
hurriedly established have adopted w^asteful methods 
production and consequently the quality of products 


is low. Maintenance of (luality and raising standards 
of production will always be the resi)onsihility of 
the indu.stry because no State aid, howsoever large, 
can help an industry establish itself, unless it can 
also call quality of its products to its aid. 

Central Institute . — But to organize the indu.stry 
on modern lines, the existence and association of a 
well equipped and staffed central technical institute 
is very essential. vSuch institutions have been of 
immense help in the survey of raw' materials, stan- 
dardization of goods, dissemination of information, 
training of workers etc., all of which have con- 
tributed to the development of the industry. The 
absence of a technological instil ulion and of trained 
workers constituting a bottleneck has been emphasized 
ever since the Industrial Commis.sion (igiS). The 
Tariff Board, in fact, proposed the establishment of 
a technological institution for glass as a. condition to 
the grant of protection. At this stage of techno- 
logical advancement in industries, one need not .strc.ss 
the importance of the application of scientific know- 
ledge to industrial production and the part played 
by institutions in this development. It is, therefore, 
a happy augury that tlie Council of Scientific and 
Industrial Research is now actually engaged in the 
establishment of a Central Glass and Ceramic Re- 
search Institute at Calcutta. But the condition of the 
industry will have to be improved so as to be in a 
position to absorb and utili/.e the researches carried 
out at the Institute. The development and utility of 
the Institute arc very largely dependent upon and 
very intimately connected with the prosperity and 
progress of the industry. For the Institute to be of 
real service, there .should not only be intimate but 
sympathetic contact between the Institute and the in- 
du.stry. It is hoped that the industry will take an 
active interest in its development and make liberal 
contribution to the establishment of the Institution 
which is expected to be .something like a hospital tr) 
ensure its welfare. 

Technical Training . — The t^aucity of trained 
men in this country has long been recognized as one 
of the contributory factors for stagnation in this 
indu.slry. The first rectification of this defect, as 
already mentioned, came through the efforts of the 
Paisa h'und Glass Training Centre at Talcgaon. In 
1Q37 it was the Benares Hindu University wdiich 
took initiative in providing facilities for training in 
glass technology on more modern lines and, although 
the standards may not fully be comparable to that 
attained in foreign countries, partly due to lack of 
funds, the progress made during the .short period of 
about seven 3'ear.s has been quite sul>stantial. Its 
graduates arc finding increasing employment in 
factories and some of them are now holding respon- 
sible positions. It is necessary that in post-war 
period when much emphasis will be laid on techni- 
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cal training, the facilities of this institution should 
be increased by suitable contributions. It will not 
be too much to expect the industry to which its 
services arc of immediate assistance to come forward 
with liberal donations. It is necessary, however, 
that such departmenls should be in close contact with 
the industry ; may be this much needed contact has 
not so far been achieved. In spite of there being a 
Central fiistitute providing facilities for higher train- 
ing and research, the important function of such 
teaching dci)artments cannot be overemphasized and 
experience shows that it can best be fulfilled in a 
university. Along with the training of technologists, 
the training of operatives is equally important. With 
the exception of what was achieved at the Paisa Fund 
(11 ass Training Centre, not much organized attcmj)t 
has been made in this direction and the feelings of 
individualism have been partly responsible for it. 
The recent establishment of an (')perative Training 
School (at Bahjoi) by Mr. Varshtiey is indeed a very 
timely step. It is believed that this step which is 
just another contribution of tin's i)ioneer will be aug- 
mented to the benefit of the industry. 

Hut in a country which is yet to develop the now 
well established and standardized processes for the 
manufacture of several new type of glass articles such 
as optical glass, chemical resi.stant glass, toughened 
glass, plate gla.ss etc., the training of Indian per- 
sonnel in other countries and the importing of 
foreign technicians for a temporary period will 
assume more than usual importance. Although 
Indians have received training in foreign countries 
and foreign technicians have been employed in India, 
the need of a co-ordinated plan as an integral part 
of post-war developments has never been felt so 
forcefully as at iiresent and the industry in general 
is most fortunate for the keen interest shown in this 
regard by the Ilon'ble vSir Ardeshir Dalai. 

Since this subject is to actively engage the 
attention of the Government, senior scientists and 
industrialists of the country, it will perhaps be pre- 
mature rather imprudent on the part of the present 
writer to say much about it. One of the main defects 
of the .system of sending Indian men abroad has been 
that the persons were sent for training without pre- 
viously making suitable arrangements for their 
employment after their return. The results have, in 
some cases, been rather di.scouraging, and there are 
instances when people had to earn their livelihood in 
professions completely different from their training. 
The expenditure on this training, therefore, if 
considered objectively, has amounted to national 
waste. There is no doubt that in drawing up 
a scheme of foreign training which is expected 
to be quite gigantic, full advantage will be taken 
of this experience. Such training should be given in 


subjects or processes for which there is arrangement 
with the industry to absorb them immediately on 
their -seturn, and before selecting suitable candidates 
for training, requirements of the industry should be 
first studied. In fact, during their training the 
trainees should definitely w-ork with the aim of deve- 
loping these processes in the country. With regard 
to the subjects for training with a view to developing 
new processes in the country consideration should be 
given to the fact that a mere mention of glass, por- 
celain etc. may lead to confusion, since even the 
production of one article involves several operations 
and the co-ordinated .services of different type of 
technicians. To lay stress on only one aspect or to 
expect one person to he an omnibus expert will he 
an error, and some failures in the pa.st, either with 
Indian trained men or with foreign technicians, may 
be traced to thi.s mistake. 

The training of personnel will also involve the 
question of financial adjustments with the firms 
wdierc the trainees wdll work, or whose experts or 
technical knowdedge may have to be imported into 
the country. A pointed reference to this aspect was 
recently made by Sir S. S. Bhalnagar in his address 
to the Institution of Engineers (India). It may he 
a comparatively simple affair to arrange the training 
of pcr.sonnel in general scientific subjects, but train 
ing in special processes will certainly involve these 
complications. This question, therefore, is neither 
purely scientific nor entirely commercial. What can 
be achieved by close co-operation has been amply 
demonstrated by Canada. As late as 1940, she did 
not produce even a single piece of optical glass, 
hut has now succeeded in producing various types of 
optical glasses and instruments within a year. In 
this connection, the following extracts from an article 
by Dr W. M. Hampton® arc worthy of note : 

"A Government company, Research Knterprises Limited, 
was formed during 1940 to' erect a factory in Toronto for 
the manula ture of various instruments, and in some cases 
the raw materials which were necessary for them. When it 
was decided, about October 1940, to commence the inaiiu- 
facture of optical glass there, Colonel W. K. Phillips, the 
President of the company, approached Chance Brothers & 
Co., Ltd., through the Canadian and British Governments, 
with the suggestion of co-operation. As a result of thni 
approach I visited Toronto in November 1940 in order to 
ensure the most rapid development of the new undertaking. 
The result was that an arrangement was reached whereby 
the fullest information concerning the manufaclurinf: 
technique was transferred to the Canadian factory, and cer- 
tain physicists from' Canada came to England and were 
trained in the art and technique ^f making optical glass. 
These physicists remained at our works for some two lo 
three months and were attached to our own personnel, .so 
that they had the fullest opportunity of learning all that 
we could teach them about the manufacture of optical glass. 
A number of other people were recruited in this country, 
some from the Canadian Forces here and some from our 


• W. M. Hampton~>Proceeding^. oj the Physical Society, 
Vol. 54, Part 5, Ist September, 194^, No. 305, Pages 392 to 
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own staff, and were given a special intensive course before 
being sent to Canada for starting up the new process. 
I'nrther, when manufacture began, one of our techni- 
(ians went to Canada for some months in order to 
assist in overcoming the initial difiiculties, so that the 
closest co-operation was maintained and is still being main- 
tained. When it is realized that in November 1940 the 
optical-glass plant consisted of merely the walls of what 
was to be a factory, and that the first melting w’as success- 
fully made in June 1941, and that by the end of 1941 a 
considerable number of meltings of first-quality glass bad 
been made, it will be realized that, owing very largely to 
ihe enthusiasiasm and drive of tlic Canadian executives, a 
very remarkable result has been achieved. There has 
tliroughout been the closest co-operation l^^iween the Cana- 
dians and ourselves, and it can be said that there has been 
no serious hold-up or difliculty in transferring the nianu- 
fadure from this country to that. 

“The factory occupies about 16 acres, but only a porlum 
of this is devoted to glass manufacture. The tints used are 
being made by a i:asting process which is essentially that 
employed in the Bureau of Standards, namely, the slip-4'ast 
method, by which clay treated with a small amount of 
alkali to give a fluid suspension is poured into a plaster 
mould. This method, which is well known, has the advant- 
agi* of being more rapid than the old hand method, and 
also provides a pot which is considerably drier than that 
by the old process, and it therefore dries in a relatively 
short time. When required for use, the pot is 
preheated in one of the batch of pot arches, then trans- 
ferred to the gas-fired regenerative furnaces and filled with 
ihe appropriate batch. Because of the relatively small 
loiiiiage employed in an optical glass factory, a mechanical 
system of weighing is uneconomic, and, therefore, weighing 
and mixing are done by hand. The scoops and pans usc<l 
for handling the batch are of stainless steel. All the .sand 
before hc*ing used i.s run througli a magnetic separator to 
avoid any risk of extraneous contamination. The city gas- 
lircd furnaces are of the regenerative type and were built 
l»y American companies to R.H.L. designs. The empty pots 
are placed in the furnace by a hydraulic pot carriage, whicli 
. goes under the name of “Winnie”. The rest of the proce- 
dure for making, cutting up, moulding, examining, and so 
on, is an exact copy of that employed at our works in this 
country, and, in fact, the Canadian factory may be >aid to 
be a modernized version of our W’orks. The differences are 
!iu*rely those which are possible liecausc of the existence of 
an entirely new site and of llie possibility of organization 
from the commencement. The types of glass being made 
at present are about six, which are the niaiii types in 
.v:eneral use for optical instruments. The clays available in 
Canada have not so far been found appropriate for the more 
extreme types of glass, but the manufacture of these is 
visualized, and the continuing co-operation between Canada 
Jiiid Britain will, when necessary, ensure the provision of 
pots of the appropriate resistance to attack to enable all 
types of glass to be made. 

“vSince llie Canadian factory makes not only gla.ss but 
also ill stnimeuts, R.R.L.'s customer is in effect itself, where- 
as in this country the grinding and polishing w’ork i.s 
done by separate firms, a metliod which has both advantages 
and disadvantages. 

In considering the rapidity wdth which this works was 
put in hand, it should be remembered that at the lime it 
was being built there was no lighting restriction, so liiat 
the factory was built continuously day and night, and there 

at that time practically no restriction on the quantity 
of labom available. These comments are not intended to 
detract in any way from the achievement of Colonel Phillips 

his colleagues, and I can only add that collaboration 
wdli them has been simple and complete.”* 

Internal Organization . — Due to severe internal 
C|^Hipetition the feelings of individualism and suspi- 
have been quite common in the glass industry, 
a period of hard struggle, it is now enjoying 


a period of prosperity and is comparatively free from 
the effects of external competition. But apart from 
expanding production with a view to capturing 
market.s, little has been achieved by way of internal 
organization and stabilization. The Bengal (Bass 
Manufacturers* Association is a notable example and 
the attempt has been (juite successful, rroviiicial 
organizations unless coordinated by a central body 
are apt to be sometimes detrimental to progress by 
indulging in rivalries. The organization of the All 
India Glass Manufacturers* Federation i.s, therefore, 
a timely move, and if the enthusiasm continues it is 
expected to be a very useful organization. The 
Glass Industry in India comprises within its fold a 
very important cottage industry, namely, the bangle 
industry, which has been jireserved in this country 
by the artisans of I^'irozabad and other places in the 
face of heavy competition. Although for its mate- 
rials i.e., the bulk glass, it primarily depends upon 
modern methods of manufacture, the art of bangle 
making along with the decorative processes will, for 
some time to come, remain a cottage industry .for the 
display for individual skill. Any organization of the 
glass manufacturers will have to protect the interests 
of this class of workers and create conditions for the 
cinidoyment of better and healthy methods of manu- 
facture. It is hoped that they will not be left out in 
outhouses like the poor relations of a rich man. 

Apart from the industrial organizations ; the influ- 
ence of technical societies on the phenomenal develop- 
ment of the glass industry has been very fundamental. 
In Kngland, for instance, the Society of Glass Techno- 
logy has exercised a very great influence on the pro- 
gress and internal organization of the industry by way 
of providing common platform for discussions in an 
unbiassed atmosphere. It has been a leader in the 
scientific Held and has helped in the establishment of 
international organizations such as the Inteniatioual 
Convention on Glass and International Congress. 
Similarly in the V. S. A., the American Ceramic 
Society is a very iiovverful body and is probably the 
biggest in the wtirld on these subjects. Although 
these societies arc mainly technical in outlook, the\ 
dirt*er from the purely scientific bodies by throwing 
open their membership to professional nieii, indus- 
trialists, artisans etc., and it is probably in this 
respect that they have played a fundamental role. 

In India, the Indian Ceramic Society was esta- 
blished about twenty years ago, but since the indus- 
try passed almost immediately into a period of 
depression, the society also could not make much 
headway. It is time that it shouldbe revitalized and 
integrated into an effective organization of the indus- 
tries concerned. The opening of the Indian Section of 
the Society of Glass Technology is a timely contribu- 
tion to this end. 
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Slate Control . — During war time when the essen- 
tial aim is somehow to ensure supplies, the establish- 
ment of new factories is likely to become rather 
haphazard, depending more on the war situation, 
and their unsuitability becomes apparent only in 
j)OSt-war periods. The essentials of location for 
practically all types of factories are more or less the 
same ; the predominating factors may be different for 
different industries, h'or instance, for glass the 
nearness of market has been responsible for the 
success of a large number of factories situated far 
away from the raw materials and fuels. Some amount 
«)f control has to be exercised on the location of 
factories. The need for such an intervention was 
felt in the case of the sugar industry when, after the 
grant of protection, a large number of factories were 
established in the United Provinces in a small arcti 
each competing for the sugar cane grown in the 
locality thus throwing a great burden on the rail- 
ways for handling cane for them from long distance. 
I'lie situation became serious and, in fact, the U. P. 
(loveniment restricted this uncontrolled growth by 
a zonal system. Here is an example when uncon- 
tiolled development may even offset the benefit of 


protection and lead to unhealthy rivalries. The Stau 
can help to avoid this competition by exercising ih^ 
ncces.sary control on the location of factories in con- 
sultation with the Manufacturers’ Urgaiiization. 
Another difection in which State control can be of 
help is to avoid the growth of a large number of 
factories attempting to engage in the [iroduction (it 
goods of only one type, while there may be enough 
field for the manufacture of articles not yet maim- 
factured in the country. This should not imidy tliat 
monopoly should be secured for some iiarlicular 
factories. 

'riiese are only some of the aspects with which 
the future of gla.ss industry in this country if it has 
to pld^^ a nMe discussed in the previous issue, is inli- 
inately bound up, and in any scheme of post war plans 
their consideration is desirable. The condition of ilk 
industry is very backward and so the effoits to im- 
prove it will have to be concentrated and i»roperlv co- 
ordinated. The author claims no finality to Ilk 
examination of these problems and has written Ihesi 
lines in the hope of focussing attention and initialiiig 
discussion on the future of glass industry in this 
country. 


A LETTER FROM EINSTEIN 

Prof. Aluerx Einstein in accepting the offer of the Eitnala Churn I,aw Cold Medal, made by the Indian 
As.sociation for the Cultivation of Science, writes to the President and the Secretary of the Association as 
follows : 

January .ti, loi.s- 


Gentlemen, 

I accept with great humblene.ss and gratitude the award of the Bimala Churn Law’ Gold Medal as 
a sign of appreciation and sympathy. 

May I add the hope that in a not too far future intellectual curiosity and striving for truth will become 
stronger forces in humanity than political passions. 

Yours very sincerelj^ 
A. Einstein 

The Institute for Advanced Study, 

School of Mathematics, 

Princeton, New Jersey, 

U. S. A. 
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FRANKLIN D. ROOSEVELT 

rRKSiDKNi' R(x>si5vivi,t lias (lied. It is not easy 
to accomodate I he death of a man who w as only the 
other day one of the world’s greatest and most respon- 
sible ligures to whom millions of men and women 
looked for the initiation of a brave new world. A 
great leader of peace as well as of war, he died at the 
critical moment when the decisive stages of the war 
are being fought and victory has become only a 
(luestion of time. With the prosi)eet of peace draw- 
ing near, it is a great tragedy to be deprived of his 
insi)iring leadcrshii) the world stands so much in 
need of, as the equally urgent and pressing problems 
of peace are about to come up for solution. 

America’s most renowned aiul popular President 
after Abraham Lincoln, iManklin k(josevelt’s name 
w’ill go dow n in history as one (d the greatest states- 
men of the age. He presided over the affairs of his 
country during the most critical period of her exist- 
ence that began with the great economic depression. 
W’lieii Roosevelt came into power in 1933, the 
r. S. A. presented problems created by a pluto- 
cratic democracy vis., those of unfettered indi- 
\ idtialisni and unbriddled capitalism. It was no small 
task to temper such a society with adequate measures 
(«f State control in the teeth of serious opposition from 
llig Business. His New’ Deal was a great experiment 
and a b(dd attempt at transforming an individualistic 
society saturated wdlh the free and adventurous spirit 
of the early colonists into a national State and a poli- 
tical union. It heli)ed America to recover from the 
serious effects of the depression that tlireateiied to 
strangle the entire economic life in i9^h>iq 32, and 
rally all her forces agaiu.st Axis aggression in 1941. 

To us scientists, Roosevelt api)eals not .so much 
because of the superb statesmanship with which he 
handled political and economic i.ssues, but because of 
his recognition, and sincere conviction in, the ai)pli- 
cation of science as a panacea fm* many social and 
economic evils. The Tennessee Valley Authority 
w hich he established in 1933 by an Act of the Con- 
gress represents the most far-reaching adventure in 
regional planning outside Russia. The story of the 
TVA often told through the columns of our journal 
is a story of harnessing the waters of a capricous river 
by scientific methods for the development of a pros- 
perous valley, once a useless and unsafe region. To 
Roosevelt goes the credit for starting a new experi- 
ment in regional planning and scientific development 
and a new form of administrative machinery that can 
function inspite of party politics. “Many hard 


lessons**, .said llie president, “have taught us the 
human waste that results from lack (jf planning. 
Here and there a few wise cities and countries have 
looked ahead and i)lanned. But our Nation has ‘just 
grown*. It is time to extend planning to a wider 
field, in this instance (i.e. TVA) comprehending in 
one great project many States directly concerned 
with the basin of one of our greatest rivers.’’ It was 
at one time widely held that the democratic form of 
government is not suitable for the planned develop- 
ment of the country, 'file success of the 'I’VA and 
of the great constructive measures carried out by the 
Bureau of Reclamation has unmistakably shown that 
the democracies can also i)lan as siuves'. fully as the 
totalitarian States. 

With the outbreak of war in Luirope in the 
autumn of 1030, Roosevelt clearly realized that 
American involvement in it was inevilable despite all 
efforts to maintain neutrality, and took steps to mobi- 
lize the scientific talent and resources of the country. 
The creation (ff the National Defence Research Com- 
mittee in June, ig^^io, and the Office of vSe-ientific 
Research and Development in June, 1941 by execu- 
tive order of the rresident has been largely respon- 
sible for bringing scientific talent to l)ear on the 
successful conduct ot the war. His Government lias 
been extremely generous in di.sbursing sums on 
defence researcli, which have amounted to several 
billion dollars. 

To be simultaneously a leader of peace as w ell as 
of war is a rare phenomenon. His presidency w as un- 
questioned during his eight years of office in peace 
and remained unchallenged even after Pearl Harbour. 
His rise to jiower closely coincides with Hitler’s rise 
in liurope. He weilded enormou^ power but, unlike 
the power of the Nazi dictator, it was freely granted 
to him by the Nation and Congress whicli could at 
any moment withhold it from him. Roosevelt has 
passed away, but he will be remembered as one of 
the greatest leaders that deiiioeTacies have ever pro- 
duced. 

PRESIDENT ROOSEVELT’S LETTER TO 
DR VANNEVAR BUSH 

Thk following letter which appeared in .SV/t ii. r, 
December 15, 1944, "as addressed by President 
Roosevelt to Dr Vannevar Hush, Director, Office^of 
Scientific Research and Development. The Office, it 
might be recalled, w’as brought into existence in 
June 1941 by an executive orcier of the President to 
co-ordinate and direct all defence researches. The 
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letter expresses the President’s deep and abiding faith 
in the methods of science and technology for the 
creation of conditions essential for ‘a fuller and more 
fruitful life.’ 

Dear Dr Bush : 

The t>fiice of Scieiilific Research and Deve- 
lopment, of which you are llie Director, repre- 
sents a unique experiment of team-work and co- 
operation ill co-ordinating scientific research and 
in applying existing scieiitiiic knowledge to the 
solution of the technical problems paramount in 
war. Its work has been conducted in the utmost 
secrecy and carried on without recognition of 
any kind ; but its tangible results can be found 
in the communiques coming in from the battle- 
fronts all over the world. Some day the full story 
of its achievements can be told. 

There is, however, no reason why the lessons 
h> he found ill this experiment cannot be iiro- 
litably einidoyed in times of peace. The infor- 
mation, the techniciues, and the research experi- 
ence developed by the Office of Scientific Re- 
search and I^cvelopnieiit and by the thousands 
of scientists in the universities and in iirivate 
iiulustry, should be used in the days of peace 
ahead for the improvement of the national health, 
the creation of new' eiilerprises hringiug new 
jobs, and the betterment of the national standard 
of living. 

It is with that objective in mind that I would 
like to have your recoin mciidations on the follow'- 
ing four major poiuts ; 

F irst : What can be done, consivStent w ith 
military security, and with the prior approval 
of the military authorities, to make known to 
the world as soon as possible the contributions 
which have been made during our war effort to 
scientific knowledge ? 

The diffusion of such knowledge should help 
us stiinulatc new enterprises, provide jobs for 
our returning servicemen and tither workers, and 
make possible great strides for the iinprovemcnt 
of the national well-being. 

Second : With particular reference to the 
war of science against disease, w hat can be done 
now to organize a program for continuing in the 
future the work which has been done in medi- 
cine and related .sciences? 

The fact that the annual deaths in this coun- 
try from one or two diseases alone are far in 
excess of the total number of lives lost by us in 
l)attlc during this war should make us con.scious 
. of the duty we owe future generations. 

Third : What can the Government do now 
and in the future to aid research activities by 
public and private organ i vat ions? The proper 
roles of public and of private research, and their 


inter-relation, should be carefully considered. 

Fourth : Can an effective iirogram be pro- 
posed for tliscovering and developing scientific 
talent in American youth so that the continuing 
future of scientific research in this country may 
be assured on a level comparable to what has 
been done during the W’ar ? 

New frontiers of the mind are before us, and 
if the>' are idoiieercd with the same vision, bold- 
ne.ss, and drive with wdiich we have waged this 
war vve can create a fuller and more fruitful 
emi>loymeiit and a fuller and more fruitful life. 

I hope that, after sucli consultation as you 
may deem advisable wdth your associates and 
others, you can let me have your considered 
judgmcnl on these matters as soon as convenient 
reporting on each wdien you are ready, rather 
than wailing for corni)letioii of vour studies in 
all. 

Sincerely yours, 
Franklin D. Roosevelt. 

NATIONALIZATION OF IMPORTANT INDUSTRIES 

Thk ( 'loverniiient of India have at last come 
forward willi something like a statement of their 
future industrial policy. A recent aiiiiouiicenieiit 
from New Delhi, wherein the Government have pro- 
visionally cA'pressed their intention to nationalize a 
number of important industries, to look after general 
industrial development, and to secure necessary 
measures and controls to regulate balanced and 
regional development, will stimulate great interest 
among industrialists, scientists and others deeply con- 
cerned w'itli the economic regeneration of India, 'riu* 
fundamental object of industrial development will 
l)e, the report adds, to increase national health b> 
the maximum utilization of country’s resources in 
men and material, to secure a high and stable level 
of employiiifciii, and to prepare the country for 
adecpiatc defence. 

With this end in view, llie Central Govcrnni«‘tit 
propose to undertake, in consultation with the Pro- 
vinces and under provision of the India Act, the 
development of certain important industries avS a 
Central subject. Such industries include the iron and 
steel, the manufacture of prime movers, automobiles, 
tractors and air-craft, ship-building and marine 
engineering, the manufacture of electrical and heavy 
machinery and the machine tools, chemical textiles, 
cement, power alcohol and electric power industries. 
Ordnance factories, public utilities, and railways 
which arc already very largely State-owned and 
State-operated will continue to remain so. The bulk 
generation of electric power will be a State concern 
as far as possible. Besides, the case of coal is pro- 
posed to be examined and dealt with separately. All 
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other industries will be open to private enterprise, 
subject to varying degrees of control. 

In order to gain experience of the inanagcinent 
of industries, the ('overnnient have indicated the 
possibility of certain industries being managed by 
private agencies or public corporations for a limited 
period. Ship-biiilding, manufacture of locomotives 
and boilers and some other key industries may he run 
by the State as well as by private capitalists. 

Apart from direct ownership and management of 
certain key industries, the f'.overiiment propose to 
undertake a co-ordinated development of transport 
and electric power, an cflicient survey of mineral re- 
sources, and the pn^motion of scientific .and indus- 
trial research and higher technical education. 
Adeciuate financial support to research organi/.ations 
set up by industrial associations has been indicated. 
Industries will be given facilities in procuring capital 
goods from abroad and also exi)ert services, and to 
this effect, organizations will be established in the 
lb K. and the U. S. A. As further encouragement, 
the riovernment will buy the products of Indian in- 
dustries in preference to those of foreign ones. 

Controls will be introduced to secure balanced 
investment in industry, agriculture and social services. 
Improved i)rovisions for fair wages, decent conditions 
of work and living, a reasonable security of tenure, 
safeguard against excessive profits to private cainlal, 
e(iuitablc distribution of assets as far as possible, and 
eusurance of (juality in the final products of the 
industry are contained in the report. Government 
I*ropose to take power by legislation to license the 
starting of new factories and the expansion of the 
existing ones. They are further contemplating to 
constitute a board to advise the Government in the 
matter of granting licenses for the industries to be 
taken over by the Government. 

To the list of snbjectiTfor Central responsibility, 
we may add the multi-purpose de\vloi)menl of India's 
water power re.sources. The difficulties arising out 
of the division of responsibility in tliis matter have 
been stressed in the editorial article of the present 
is.siie, and it is imperative that the Central Govern- 
ment should undertake the main responsibility for the 
development and utilization of water resources. We, 
however, reserve our comment on the various isvsucs 
raised by the proposed nationalization of important 
key industries until we have seen the full text of 
the proijosals not yet to hand. 

CENTRAL WATERWAYS, IRRIGATION AND 
NAVIGATION COMMISSION 

Thk Government of India have decided, accord- 

to a press report, to set up a Central Waterways, 
Irrigation and Navigation Commission. The object 
of this Commission would be to plan and co-ordinate 
ihe orga^mzations that would examine the potentiali- 


ties of Indian rivers. It would furllier co-ordinate the 
development of rivers passing through more than 
one Province or State. 

The Cc)mmis.sion will be able to advise the 
Central, Proviticial and State Governments on water- 
ways, irrigation and navigation problems throughout 
the country. It will conduct .surveys and investiga- 
tions with a view to securing utilization of 
Indiaks water re.sources and press fc^rward schctiies 
for the conservation, control and regulation of water 
and waterways in consultation with Provincial and 
vState Governments. The Commission will advise the 
Centre in respect of principles g<n’cniiiig water 
rights, inter-provincial disputes, and on the appro- 
priate basis of agreement between the parties in dis- 
pute. It will also advise the Central Government in 
regard to llic settlement of i)riorities a.s between 
various projects. 

INDIA’S PETROLEUM RESOURCES 

This fiaiued the subject of two lectures dcli- 
vereil by Mr D. N. Wadia, Mineral Adviser to the 
Governinenl of India, rianning and Develoimieiit 
Department, on tl)e occasion of the award of Jay 
Kissen ^fukherjee Gold Medal made to him by the 
Indian A.ssociati«)n for the Cultivation of vSciciice. 
Ill the beginning, Mr Wadia <lescril)cd the extent of 
distribution of iietndcuin belts on the earth's surface. 
Starting from the Pacific coast of the .\merican con- 
tinent, l*elts run through ^forocco, Central Ivur^ipe, 
Russian Oil fields, Iraq, Iran, l?eliu'histan, vSind, the 
Punjab, north-eastern A.ssam, Hiirma, Malaya, 
Sumatra, Java, Borneo, l^hilippiiies, Formosa, and 
terminates in Japan. The petroleum belts correspond 
to the zones of younger folded mountains (tertiary) 
on the earth's crust. He pointed out that this fold- 
ing of mountainous zones was just tlie cause of petro- 
leum formation, and further these zones .supplied the 
ideal structures for the accumulation and preserva- 
tion of mineral oil in the accessible layers of the 
earth’s crust. 

Discussing about the origin of petroleum, he 
mentioned that ])etroleuin was formed from the sub- 
terranean decomposition of organic matter, mostly 
by dislillatinii of the protozoa and other animals of 
that period, and largely also from the vegetable phi/ii- 
tation life of the period. Regarding the sites for 
accumulation of organic .sediments in which the oil 
occurs, the gulfs, estuaries, and deltas along the 
coasts of the seas of certain geological period when 
organic niaUer was abundant are found to have 
offered conditions favourable for the formation of 
petroleum. The anticlinal dome structures, he point- 
ed out, are the best and most favourable structitres, 
but a reference to the oil-field structure of the dilTcr- 
ent places of the world will show that the anticlinal 
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structure is not always present, anti other structures 
exhibitin)* monoclinal and lioinoclinal folding are also 
favourable, provided other conditions of petroliferous 
pervious beds being cai)ped by impervious beds are 
satisfiQd. Tn such geological structures oil always 
occurs in the pi.Tvious beds (sand-stone, sand etc.) 
fdling the void spaces overlain and underlain l)y some 
impervious beds like shales and clays. In the per- 
vi<)US beds again oil which is a licpiid hydrocarbon is 
also a.s.socialed with gaseous hydrocarbons, and in 
such structures gas always occurs in the upper por- 
tion of the anticlinal crests. He also discussed the 
complexities in such structures like asymctric anti- 
clines, faulted and disturbed state etc. 

He then referred to the pn^blems arising from mi- 
gration of oil fiom the place of origin, i.e. the source 
rock, tf» certain places where suitable reservoir rocks 
provided more favourable conditions of .storage. 
There are many instances of the escape and loss of 
the mineral oil from tlu original re.servoir in the 
strata due to faulting, cr(»sion and truncation of the 
mother-rock, and from its over-lying strata due to 
deep weathering and denudation of anticlines etc. 
Such examples have been cpioted from salt-range and 
other places of the Punjab. Mr Wadia estimated 
world’s total reserve of mineral oils at 65,000 million 
barrels and world’s annual production at -12,00 
million barrels. India’s reserve is yet difllcult to 
csliniatc, but as a rough estimate India’s annual pro- 
duction may be placed at S5 million gallons, and 
India’s animal c()nsumpti«>n at 4 <k) million gallons. 

In India there are two imi)orlaiit petroliferous 
belts, namely (/) the extension of the Iranian bells 
to beluchistati-Punjab, passing through the Potwar- 
salt range tract, {ii) the Arakan-Hurma belt beginning 
from nortli-easl Assam, passing through eastern re- 
gions of As.sam aemss the Arakan range along the 
Irawaddi in Purina and thence, through Arakan 
coast, extending to Straits-selllemeiils. 

Oil exi)loralion in India is yet in the early stage, 
filfiil and defective, although it began in 1800 in 
Arakan, in 1820 in Purma, and in 1870 in the Punjab. 
Put the history of exploration in India is one of long 
record of drilling failures and disappointments. 
Oil-t‘Xploration is an exlremcly e\])ensive and risky 
onten)rise, but intensive geological exploration 
supplemented’ by geo-physical prospecting in areas 
like Kast-Bcluchistan, the N^. W. Punjab, foothills 
/ones, the alluvium and sand-covered tracts of Ihe 
southern Punjab, salt range, Assam etc. may yield 
cncfMi raging results. Mr W’adia pointed out that the 
oil ' resources of a 1 )calily must be based on critical 
study of geological principles of oil generation, 
migration, storage and the structure. As an illustra- 
tion, he referred to his di.><'o*'e;y of the Joya-Mair 
oil-field (Potwar) in 1926, and discussed the geologi- 


cal features that guided him in this discovery. He 
gave some account of oil fields of India and divided 
them into three important groups (i) the Punjab, 
(ii) Assam, and {Hi) Ihirnia. 

Referring to the future prospect of petroleum 
in India, he emphasized that search for oil 
.should be confined to regions of lower and middle 
tertiary rocks, for permo-carboniferous or mesozoic 
oil is .so far unknown in India. He stressed the po.s.si- 
bility of concealed oil field in A.ssam and the Punjab, 
underneath the alluvium, and of recent formation. 
The gcophy.sical, gravity, seismic, magnetic, and 
electrical methods alone can be of service in tracing 
.sitb-.surface oil fields. 

Mr Wadia considers the Pol war area of the N.W. 
Punjab a more promising area than vSind-Bcluchistan. 
In conclusion, he referred to the two i>otential petro- 
leum /ones in India, (/) Palaeogene/onc at the foot 
of the Punjal) Himalayas, on the analogy of the 
Irnn-Irafj belt at the fool r)f the Zagros stage, and 
{ii) the (Uilf of Cambay. 

UNIVERSITY GRANTS IN GREAT BRITAIN 

In a recent statement in the House of Commons, 
Sir John Anderson, Chancellor of I'lxcheiiuer, has 
disclosed, according to a rei)ort in Nature, that a 
sum of X5,90o,o(x> would be available as a grant in 
aid of the universities, colleges, medical schools, and 
teaching host>ilals of (b*eat Britain for llic year 19-15. 
The recurrent grant for general university purpose- 
lias been strengthened by an addition of ,000,000 
in each of the next two years, which has nearly 
doubled this grant. l oJlowing the recommendations 
of the Inler-Departineiilal Committee’s report, the 
Gc»vernment have made a further grant of ;£i ,000,000 
for developments in medical schools, and ;C5oo,ooo in 
aid of the leaching hospitals. Further, a grant of 
.(•-,V>,ooo for capital expenditure has been placed at 
the di.siMKsai of the University Grants Coniiniltee. 
This last .sum is intended for expenditure on siuli 
items as the erection of new buildings, purchase ol 
.sites on which to build new buildings etc. Many 
universities and colleges are now in need of funds to 
acciuire lands and build houses .so that they can olTcr 
wider facilities for higher education, now badly 
needed in Britain. It is apprehended that the grant 
provided for this purpose will prove insufficient, hut 
the Chancellor has assured the House c)f the i)ossihi- 
lity of this grant being increased within the financial 
year if such need arises. 

It is .stated that about /i, 500, 000 from the grajil 
for general university purposes will be immediately 
required for increase in the salary scales of incnibers 
of the university staffs. It is realized that the salary 
scales offered to such members are not comparable 
with these available in other professions employing 
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men of the same qualifications. While making these 
grants, the Government have not attempted to en- 
croach upon the autonomy of the universities by im- 
posing any conditions, however justified. 

This increased provision for funds will enable the 
etlucational authorities in Hritain to strengthen the 
foundation of education and research. Signs of con- 
structive activity and preparedness for peace are 
visible in all (government measures. In Kn gland, 
money is flowing from the Treasury in million 
pounds to ameliorate the teachers* lot. In India, 
sugar coated words and tall promises of the high 
officials of New Delhi, broadcast through radio or 
publicized through other proj;>aganda machinery, are 
what our benevolent Government can offer to en- 
courage the hard hit and starving teaching profession. 

AERONAUTICAL RESEARCH IN BRITAIN 

At a recent meeting of the Parliamentary and 
Scientific Committee, Sir Henry Tizard advocated a 
block grant from the (government of at least 
;£r, 000,000 for aeronautical research on the problems 
of civil aviation. Construction of aircraft for the 
fighting services has now engaged all aeronautical 
research and, as Sir Henry revealed, there is virtually 
no civil aircraft in Britain today. He urged the 
creation of a new Aeronautical Research Comicil 
under the Lord President of the Council. The Chair- 
man of the said Council should be an experienced 
industrial engineer and should have executive control. 
The work of this body, when created, would l)C 
directed exclusively to research problems relating to 
civil aviation. 

Sir Henry was not very oi)timi.stic about the em- 
ployment of a large number of civil machines in the 
post-war years. Internal air service, he said, might 
he expected to yield a revenue of al)out £8,000,000, 
i.c. 2*5 per cent of that from the railways, and a 
force of some 80 aircraft would be sufficient for the 
service. He furthcT expre.sscd the view that regular 
and economic trans-Atlantic service would not be 
possible so long as the idaiies do not fly about the 
40,000 feet level and develop a niucli higher speed, 
wliich can alone be effected through intensive re- 
search on the problems of civil aviation. 

Close at the heels of Sir Henry’s lecture comes 
the announcement by Sir Stafford Cripiis, Minister of 
Aircraft Production, of a scheme to build a great 
aviation research centre in Britain, to be financed by 
the Government. The new station which is expected 
to secure a level of achievement in civil aviation com- 
parable with that attained by the British Air Research 
Centre at Royal Aircraft Factory at Hampshire 
(j^tarted in iqio) will be located in the Bedfordshire 

chosen after a very careful survey. 
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NATURAL RESOURCES OF THE ANDHRA AREA 

A symposium 011 the ‘Natural Resources of the 
Andhra Area* was organized under the auspices of 
the Andhra University at Wallair in 1940, when the 
Indian Academy of Sciences was holding its sixth 
annual session. On this occasion, a numl)er of dis- 
tinguished scientists read papers 011 the faunal, floral, 
mineralogical, electrical and chemical resources c>f 
the area and discussed the possibilities of future in- 
dustrial develoi)ment of this region. The University 
has now done well to collect these papers and publish 
them under a single volume whicli will serve as a 
highly useful and stimulating record of diverse 
natural resources on which to work out the i>Ian of 
post-war industrial develoimient of this area. The 
.sixteen papers included in the volume have dealt 
with fauna, flora and plant re.sources, fossil flora, 
fruits, mineral and metalliferous resources, power 
resources and hydro-electric schemes, and the re- 
sources for organic chemical industries, ceramic in- 
dirslries, wood distillation and power alcohol, dye^ 
and tans, paper, oils, gums, waxes and resins, and 
paint and varnish industry, of the Andhra area. The 
delay in the publication of the volume which ought 
to have appeared earlier, it is exjdained, has been 
due to unavoidable war-time liniitati«)ns. 

TECHNICAL WORK AT THE INDIAN WATERWAYS 
EXPERIMENT STATION, POONA, DURING 1942-43 

Tine Annual Report (Technical) of the work done 
during the year T042-43 at tlie Central Irrigation and 
Hydrodynamic Rcsearcli vStation, Pf)ona, now' re- 
named as Indian Waterways Fxi)eriment v^tation, 
together with an index for ic)58-.t2, has just been 
published by tlic Government of India (i)rice Rs. 7-S 
or IIS. 6d. ; available from the Manager of Publica- 
tions, Civil lanes, Delhi). This is the sixth annual 
report of the station since it became a Central Station 
and contains extracts of ])apers and dctailc*! descrip- 
tion of experiments dealing with a wide variety of 
problems in connection with rivers and canals in 
various parts of India. Descripti<ms are further 
illustrated l)y necessary diagrams, mai)S and photo- 
graphs and are full of statistical data. The report is 
intended for use as reference by research workers 
and officers engaged in Irrigation and Railway Divi- 
sional offices and in other river research laboratories 
which have to deal with similar prol)lems. The 
Director of the Station, in a letter just circulated, has 
expressed his willingness to give assistance to those 
wdio a.sk for it without charge provided this docs not 
involve model w’ork, special inspections or the expen- 
diture of a considerable amount of time.. 

PRINaPLES OF CEREAL STORAGE 

The Government of India have recently issued 
a publication entitled ‘Principles of Cereal Storage* 
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by E. P. Coyne, 'flii-s is a timely publica- 
tion, when the problem of food shortage is 
so acute and when there is need for saving 
every seer of grain available in India to-day. 
The i)roduction of food grains in India even 
in peace times falls far short of the demand that in- 
creases every year with the growing population. 
Increased production cither by promoting higher 
yields from existing areas or by extending the area 
under cultivation is a prolonged process, and as such 
the saving of grains during storage has become all the 
more important. According to an official estimate, 
600,000 tons of wheat and rice are annually lost during 
storage. Damage by rodents alone probably accounts 
for a million tons of all food grains (cereals, pulses, 
etc.), with similar amounts lost from insect and 
moisture damage. 

The book deals with the important factors in 
food conservation, e.g, climate and moisture damage, 
standard types (if storage, grading of godowns, and 
general hygiene. These refer specially to present con- 
ditions when large slocks of grain are being held by 
Provincial and State (governments and when we hear 
so often of wastage of huge (luantities of food grains 
in Bengal and elsewhere, due to damage cau.sed by 
defective storage. 

Damage by insects is mainly caused by beetles, 
moths, and miles, and it is estimated that a single 
pest Calandra hryzva (rice weevil) sometimes causes 
a loss of stored wheat valued at nearly one crorc of 
rupees a year in India alone. Remedial measures by 
fuinigation and its application are discussed in detail. 

Methods recommended for the control of both 
house rats and field rats will be very useful not only 
to those who have to store, in bulk but also to the 
ordinary householder. 

It is gratifying to note that the Directorate of 
Stcjragc, (Government of India, is devising means of 
apjdication of new and improved control measures in 
laboratory and i)ractice, collecting information from 
India and from foreign .sources, disseminating the 
.same and co-ordinating the activities throughout 
India in the interest of grain conservation. 
It is to be hoped that each of those .scientific 
methods of food storage would receive the closest 
attention of Central, Provincial and State.s Govern- 
ments now that they are the principal custodians of 
India’s food suiiply. 

TRAINING IN DAIRYING AT BANGALORE 

With a view to meeting the growing demand 
from the Provinces and vStates for trained personnel 
required for implementing post-war development 
plans, and for filling up higher posts in Dairy Depart- 
ments, the Government of India have decided to in- 


crease the number of students to be admitted for 
training at the Imperial Dairy Research Institute, 
Bangalore, from 30 to 85 with effect from July 1945. 
The Institute provides three courses of training, viz., 

(1) a two year course for the Indian Dairy Diploma, 

(2) a post-graduate course for 15 months, and (3) a 
short course for three months. 

It is now proposed to increase the number of 
students for the Indian Dairy Diploma cour.se from 
20 every alternate year to 25 a year, i.c., (50 .students, 
25 in the first year and 25 in the second year), for 
the postgraduate course, from to students to 25, and 
for the short term course, to 30 students a year (i.c., 
TO students per course). The total number of students 
in residence will thus be 85 a year. 

For this purpose Oovcrnment have sanctioned in 
all Rs. 1,40,500 (Rs. tS8,ooo non-recurring and 
Rs. 52,500 recurring). 

PALYNOLOGY 

PrcjF. P. B. vSicars of (Jberlin College, Ohio, 
Mr A. II. Hyde of the National Museum of Wales, 
and Mr D. A. Williams of Staiidough H(jsi)ilal, 
Cardiff, suggest the term palynology (Greek paluiw 
to strew or .sprinkle) for the .study of pollen and 
other spores, their dispersal, and applications thereof 
in the October issue of the bulletin entitled “Pollen 
Analysis Circular”. 

In recent years the study of pollen has come 
much to the fore. Research is now being directed 
towards fundamental problems relating to the libera- 
tion, dispersal and deposition of air-borne pollen. 
The results will have obvious implications in the 
field of floral bieflogy and .should also l)c of value 
to tlie metcorologi.st. The pollen analysis of peat has 
become one of the most important lechni(iucs used 
in the study of post-glacial vegetation. Pollen 
analysis of coal is an aid for correlating ('oal-seams. 
'fhe pollen of insect flowers is receiving alleiition as 
a means of determining the .sources of .samples of 
honey. All these studies have, up to the present, 
been referred to under the general heading of pollen 
analysis. It is hoped that the new word will be 
commendable. 

ANNOUNCEMENT 

Wk have .great pleasure in informing the readers 
of SciRNCK AND CuLTURU that the National Institute 
of Sciences of India have made a grant of Rs. 750 
out of tlie Rockefeller Foundation grant to our 
A.ssociation. The grant has been made in two instal- 
ments of Rs. 500 and Rs. 250 respectively for the 
year 1944-45, and we seize this opportunity to express 
our sincere thanks to the National Institute of 
Sciences and the Rockefeller Foundation for this 
generous grant. 
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INDUSTRIAL UTILIZATION OF BAGASSE 

A SKRIKS of interesting articles on the indus- 
trial utilization of bagasse have appeared in the 
March 1945 issue of the Journal of Scientific and 
Industrial Research. BagaSvSe is the residue of sugar- 
cane from which the juice has been extracted by 
crushing and is the main by-product of the sugar 
industry. It is now largely used as fuel for steam 
raising purposes in the sugar industry itself, hut it 
may also serve as an important raw material for 
economic production of activated carbon, resin and 
jdaslics, insulating and pressed boards, wrapping 
paper and straw board, and may further be used as 
a cattle feed in mixture with molasses. Problems 
connected with the industrial utilization and develop- 
ment of bagasse have been variously investigated in 
the laboratories of the Imperial Institute of Sugar 
Technology, Cawnpore, the Forest Research Institute, 
Delira Dun, and the Council of Scientific aiul 
Imlustrial Research, Delhi, and the articles present 
a good summary of the work carried on in this 
country and abroad. 

Although bagasse finds its main use as a fuel in 
the sugar industry, its high water content amounting 
to about 48 per cent, makes it a very low grade fuel. 
Us calorific value is only about 4,400 B.T.U., but 
may be increased to 8,350 B.T.U. for the absolutely 
dry variety. A pound of coal, on an average, may 
be taken to be c(iuivaleiit to 3 lbs. of bagasse in 
calorific value, and one pound of bagasse can produce, 
with boilers and furnaces of suitable design, 2*2 lbs. 
of steam. Before use as fuel, it is comiiressed into 
bales by hydraulic press. Briquetts of liagasse, 
formed by the application of pressures of the order 
of 5,000 lbs. per sq. in., have been successfully tried 
in Australia. But the most important factor is the 
way in which it should be burned on account of its 
very high moisture content. Methods of burning, 
applicable to other types of fuel, can not be tried in 
the case of bagasse without appreciable loss of fuel 
efficiency. Its use as fuel involves the design of 
special furnaces which are described in an article by 
K. S. Arnold and D. K. Brahma. The authors hold 
that high combustion efficiency can be attained even 
with such poor grade fuel through the use of properly 
designed and correctly proportioned furnaces. 

The high porosity and low ash content of 
hagasse make it a very suitable, and at the same time 
cheap, raw material for activated carbon whose 
industrial uses as decolorizer, deodorizer, purifier, etc. 
are too well-known to need mention. The Imi>erial 


Institute of Sugar Technology first started investiga- 
tions into the possibility of utilizing bagasse for tlie 
production of activated carbon. Of the various 
methods available for its preparation, the one in- 
volving the treatment of the raw material with 
chemicals followed by carbonization and, in some 
cases, by further activation by gases has given the 
most encouraging results. Zinc chloride has proved 
the most efficient activator. K. 8. G. Doss and N. 8. 
Jain who have discussed these methods in a separate 
article state that carbon obtained from bagasse com- 
pares well with the imported variety and can be 
economically produced in India. According to an 
estimate quoted by these writers, the cost of manu- 
facturing activated carbon in India amounts to 
Rs. 640/- per ton and may further be reduced, as 
improvement in the design of furnace and other 
equipment takes place. 

The paper on ‘Bagasse-resin and its Plastics* by 
Prakash Narayan and vS. 8. Bhatnagar discusses the 
po.ssil)ility of manufacturing resin and plastics from 
bagasse. The use of ligno-cellulosic waste, such as 
cane-bagasse, as the raw material in the plastic 
industry has the great advantage that it is cheap and 
available in plenty. The authors believe that bagasse 
will become a potential raw material for jdastics, 
specially in the manufacture of articles in which 
transparency and colour are unimportant. 

Insulating and pressed boards, known under 
various tratle names, are now extensively manu- 
factured from bagasse in the IT. vS. A. In 1937-38, 
the Forest Researcli Institute, Dehra Dun, studied 
the American methods of producing such boards from 
bagasse under Indian conditions and obtained en- 
couraging results. Mr 8. Chattar Singh wlio has 
reiported on these investigations at some length states 
that the Asplund or Defibration process has been 
found to be very suitable for Indian conditions. 
Samples of boards prepared in the laboratories of 
the Institute compared favourably with the foreign- 
made boards so far as their physical projjerties such 
as thermal conductivity, sound absorption coefficients, 
resistance to moisture and mechanical strength are 
conceined. The smallest economic unit capable of 
turning out 1,600 tons or 4,800,000 square feet of 
boards annually requires a capital expenditure of 
about Rs. 12 lakhs on peace-time price level. The 
cost of production of one ton of insulating and 
pressed boards has been estimated at Rs. 270-8-0. 
Bagasse indeed constitutes a suitable raw material 
for the manufacture of wrapping papers and straw 
hoard, but in view of its huge requirement for this 
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I)Urposc, their inaiiufaclurc from bagasse does not at 
present api)car to be a practical proposition. 

Bagasse screenings obtained through the use of 
4Q and 64 mesh screens may ])e used as cattle feed. 
The screenings, although deficient in protein content, 
.contain practically the same amount of carbohydrates 
as other roughages and are comparable to Timothy 
hay. Bagasse screenings, in mixture with molasses, 
another by-product of the sugar industry, are reported 
to have yielded the best results. Mr H. S. Chatur- 
vedi, in his article on ‘Bagasse for Cattle Feeding*, 
explains the value of ‘Bago-molasses*, consisting of 
2 parts of molasses and 1 part of bagasse screenings, 
as a suitable cattle feed. 

The foregoing does not exhaust the list of 
industrial uses of bagasse. Possibilities of manu- 
facturing cellulose from bagasse have been investi- 
gated. Dry distillation of bagasse in Cuba has yielded 
methyl alcohol and formic and acetic acids, and their 
commercial production in near future is not beyond 
the realm of practicability. Composted with press- 
mud, it has further been applied as a valuable manure, 
'riius Bagasse offers an excellent example of how a 
l)y-producl once discarded as an industrial waste may 
be the starting point of a number of important 
industries, 

GLASS-TO-METAL SEAL 

The direct glass-to-nietal seal represents a great 
technical improvement in sealing operations. This 
new device has been ])articularly welcomed by the 
electrical industries where sealing between metal and 
glass accessories is a regular routine work. The 
Revicu* of Scientific Instruments, November, 1944, 
reports the successful application by the vSprague 
Electric Company of this new process of sealing in 
the manufacture of capacitors and resistors. In the 
case of capacitors, the ii.sual ceramic terminals arc 
supplanted by glass bushings which are then directly 
sealed to the metal capacitor containers. The details 
of the process developed by ihe Company are not 
revealed, but it is stated that the metal rings with 
‘matched* temperature coefficients of expansion, pre- 
viously in use, are now dispensed with. In the case 
of resistors, the special glass tube containing the 
resistance unit is sealed to the metal ends. 

The new technique has solved the vexed problem 
of providing adequate safeguards against leaks and 
moisture. The direct glass-to-nietal seal which results 
in a solid and integral unit at the place of seal has 
eliminated such defects characterizing older instru- 
ments. The removal of organic bushings and other 
materials liable to be attacked by fungus has effected 
a better protection of t!ie I'omponent parts. Further 
such seals have proved highly efficient, both electri- 
cally and mechanically. The new process has been 


satisfactorily applied to any metal including steel, 
brass and monel metal. The technique has been so 
perfected that more than 10,000 glass-to-met al seals, 
it is reported, are now produced each day. 

GLASS FIBRES 

Fifty years ago, it was a fantavStic idea to think 
of glass fibres that are now being made for the manu- 
facture of textiles, table cloths, neck-tics, and decora- 
tive fabrics as common articles of daily use, and of 
special fabrics for industrial applications. As a 
material for textiles, glass was always attractive to 
the technician by reason of its non-inflammability 
and resistance to the effects of high temperatures, 
which arc rare properties of fibres in common use. 
The production and perfection of glass fibres to their 
present .stage represent a remarkable achievement of 
the gla.ss technologists. In Scientific American, 
December, 1Q44, William H. Page gives an interest- 
ing account of the various uses to which glass fibres 
have been put during recent years. 

Edward Lil)bey, of the Eibbey Glass Company, 
is reported to have first .succeeded in drawing coarse 
glass fibrtjj^ from the heated end.s of glass rods in 
1893. Continuous glass fibres are now drawn by 
allowing molten gla.ss to pass through tiny holes in 
the base of the melting chamber. The filaments, 
as they emerge from the holes, are w’ouiul on a 
winder revolving at a high .speed. Since filaments 
emerge at a speed much lower than the speed of 
revolution of the wdnder, these are attenuated into 
fine filaments of diameter considerably smaller than 
that of the holes. Staple fibres of length varying 
from 15 to 18 inches are formed by allowing jets 
of high pressure steam to strike thin slreains of glass 
emerging from the holes and then wound on a re- 
volving druiTi to form a veil resembling a cobweb. 
Standard textile machineries with modifications to 
enable them to handle glass textiles have been used 
to twist continuous filaments and staple fibres, and 
very fine glass fibres have been produced in this way. 
rile incredible fineness and tensile streiigtli of .such 
fibres may be reflected from the fact that fibres 
having a diameter of 23 one-hundred-thou.sandths of 
an inch can withstand a tensile strength of more 
than 250,000 pounds per sq. in. Finer fibres with 
greater tensile strength have, however, been pro- 
duced experimentally. 

Gla.ss fibres have been used singly and in com- 
bination with asbestos fibres, rayon, silk or cotton 
for various specialized applications. Glass asbcsto.s 
articles have proved very suitable when resistance to 
high temperatures and to repeated flexing, Idgk 
strength, and light weight are important considera- 
tions. In combination with rayon, silk, etc., glass 
fibres have been emplo5^ed for the manufacture of 
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neck-ties, scarves, wearing-apparel accessories and 
various decorative fabrics. The production of .such 
articles for civilian use is now curtailed to make 
available greater quantities of glass fibres for military 
use. 

Glass fabrics impregnated with suitable varnishes 
are largely used for the making of insulating tapes, 
braids and cloths in the electrical industry. Such 
fabrics, besides being very light, have high electrical 
resistance and have enabled design engineers to build 
smaller and lighter motors, transformers and other 
electro-magnetic machines. Flameproof and moisture- 
resistant fabrics suitable for use as air-craft battery 
cover, oil pressure switch diaphragms, air-craft tape 
for expansion joints of hot air ducts, protective 
clothing for workers, etc. are now made of glass 
fibres with a coating of synthetic rubbers. 

Glass fibres in combination with a plastic resin 
have given rise to a new structural material for the 
construction of load-bearing parts of aeroplanes. The 
material is light, possesses high structural strength 
and can be readily fabricated. Layers of gla.ss cloth 
are impregnated with resin and placed, one on top 
of another, until a laminate of the desired thickness 
is ])uilt up. vSuch plastic glass laminates have re- 
markable tensile, compression and impact strengths 
and arc likely to be used on a large scale in air-craft 
construction. It is stated that such laminates have 
tensile strengths varying from 5o,fX)o to tSo,ooo i)ounds 
I)er sq. in., compression strengths of over 50,000 
]»ounds per sq. in., and impact strengths of over 
30 foot-pounds. 

An important war application of fibre glass con- 
sists in its use as glare shields for magnesium 
parachute flares of about i million candle powers. 
Such flares are used to illumine the targets before 
bombing operations. 

DESIGN OF ROAD CURVES 

The design of road curves has become a subject 
of considerable interest and experimentation in recent 
times, for it has been realized that for smooth and 
good driving a simple circular curve with straight 
appi caches at the ends and following the topo- 
graphical configuration of the land is not always the 
best and the most efficient course. In traversing 
such a straight-circular curve, a driver generally 
experiences a good deal of lurch which at high 
speeds may become dangerous for his own as well 
as the safety of other motorists. To minimize this 
awkward feeling and give the driver a maximum 
economy of comfort, an adjusting transitional curve 
IS generally interposed between the circular and the 
straight course, the nature of this curve being such 
ibat its radius or degree of curvature is continually 


changing wdth reference to a certain fixed point. 
Varied mathematical expressions have been obtaiiictl 
for these transitional curves, and among the rei)orls 
of various investigators, the recent work of Professor 
Royal-Dawson in this field observes particular men- 
tion. He has attacked the problem from both 
dynamic and psychological view points and has 
arrived at interesting and useful conclusions. Ac- 
cording to him the most conspicuous factor in any 
road curve is the fixing of a standard unit for the 
rate of change of centripetal acceleration about wliicli 
a good (leal of uncertainty exists at the present 
moment. The values of these standard rates of ac- 
celeration are classified according to the limiting 
speeds of vehicles, particular attention being con- 
centrated on the sensation produced by a car heading 
towards a right-hand turn over a badly designed 
roundabout at speeds varying from to ni.p.h. to 
15 m.p.h. 

Prom several observations it is found that a 
converging stream of cars travelling at a speed of 
10 m.p.h. round an island 140 ft. in diameter could 
easily absorb an incoming veliicle of 20 ft. average 
length and also travelling at the same speed, pro- 
vided the converging stream under consideration has 
gaps of 46 ft. ill between, which would corresiioiid 
to a traffic density of 800 vehicles per hour per lane. 
On working a little further, one can show that a 
car moving under the above conditions would take 
only 17 seconds to pass a (luarter roundabout and 
24 seconds to pass half the roundabout as 
measured from the tangential edge in ])oth the cases. 

Very few motorists, however, seem to realize 
this, because actually it is found that the cars which 
pass roundabouts usually travel at speeds far higher 
than those considered, without any regard to the 
danger involved not only to themselves but even to 
the pedestrians who happen to cro.ss the roads. 

The difference in driving a light and a heavy 
vehicle has been solved by considering two types, 
one representing a 1 ton car of 8 ft. wheelbase with 
a locking angle of 30 degrees and a steering-gear ratio 
of 6: 1, the other a 10 ton car of lO ft. wheelbase 
and a steering-gear ratio of 12:1, the locking angle 
being the same as before. From these considera- 
tions, steering is regarded psychologically as a series 
of jerky hand movements with ‘‘rest** periods in 
between, each stroke or jerk representing a frag- 
mentary transition and each "rest** period a circular 
arc. It can be shown graphically that a given transi- 
tion may be followed by a motorist within a fairly wide 
range of spontaneous hand movements on the 
steering, and it is then only a routine to ensure that 
the resultant curve conforms reasonably to the 
general course of the road. The dynamic aspect is 
clarified by showing that the inherent physical effort 
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ill steering the heavy tj’pc vehicle (lo ton weight), 
combined with the necessity of turning the steering 
wheel through an angle four times as large as that 
required for a light vehicle (i ton weight) over the 
same curve, renders it imperative to design road 
curves conforming to the exacting requirements of 
heavy class vehicles instead of adopting standards 
suitable only for light cars, as is very often done in 
practice. 

The tests carried out on wholly circular and 
wholly transitional layouts have gone to prove that 
for sharp curves and moderate speeds a transitional 
curve imposes less iihysical effort than a circular one. 
For curves of very large radii and high speeds, 
however, a different set of dynamic and psychological 
factors are brought into play so that for a good design 
of such large curves the value of the unit for the 
standard rate of change of centripetal acceleration 
should be lower than for curves designed for moderate 
speeds, if a reasonable margin of safety has to be 
ensured. According to Professor Koyal-Dawson, the 
ideal curved road course, when such is within the 
limits of pnictical design and construction, is a wholly 
transitional curve, because psychologically it has 
a greater speed-i)Otentiality than any combination 
of a transition and a circular arc, while mathematically 
such a curve represents the shortest route from 
amongst the * 'circular-transition * * combinations, 
(measured from some point on the tangent to the 
given mid-point) and, therefore, from the commercial 
user’s aspect is the most economical. 

S. K. G. 


VEGETABLE TANNING MATERIAL IN INDIA 

Owing to war, tanners in India are finding it 
increasingly difficult to obtain sufficient supplies of 
tanning materials from indigenous sources to meet 
the growing military and civil requirements. Forest 
Research Institute, at Dehra Dun, in its leaflet 
No. 72, gives a complete survey of the vegetable 
tanning materials found in India. The big industrial 
concerns only deal with four tanning materials, viz. 
babul bark (Acacia arabioa), myrobalans (terminalia 
chebula), avaraii bark (cassia auricula ta) found in 
abundance in India, and black-wattle bark (Acacia 
mollisoima) which is now being cultivated in South 
India and is imported from Africa to a large extent. 
Of the others, the following may be of considerable 
use to the tanners, viz. aoule bark (Emblica officinalis 
syn. Phyllanihus Emblica), beleric myrobalans (7\’r- 
minalia belerica), dhowa leaf (Anogcissus Sp.), divi- 
divipodc (Casallyhiui cotiaria), gother fruit (Zizy- 
pens Xylopyeus) hopea bark (Hopea Parvijlaea), arjuii 
bark (Terminalia Arjuna), karanda leaves (Carissa 
vSp.), mangrove barks (Cariops and other vSpp.), 
remuja bark (Acacia leucoplioca), sain bark (Ter mi- 
nalia tomentosa), sal bark (shorea robusta), sonari 
bark (Cassia fistula), tenpods (cacsalpinia digyna). 

The leaflet gives a list of plants whose tannin 
content has been investigated quantitatively, and also 
those whose tannin content is negligible or not (luan- 
titatively determined. The correct Latin names with 
their synonyms, English names, trade names, and 
vernacular names are arranged alphabetically. The 
list also includes the localities, habit and habitat, and 
part or parts of plants that arc supposed to be used in 
tanning. A bibliograpj'^^ at the end of the pamphlet 
contains details of each species noted in the leaflet. 


AGRICULTURAL DEVELOPMENT AND MINERAL FERTILIZERS IN INDIA 

P. E. MEHTA 


^yORICULTURK has always been the ])rimary 
industry of India even from early days. The 
proportion of population dei)endent on agriculture 
has risen from 65% in 1872 to 75% in 1940. 

Nine-tenths of the population of the country 
still continue to live under rural conditions and even 
the factory labour of the towns as well as the com- 
mercial classes continue to retain the connection with 
the villages from time to time from which they have 
migrated. 

The agricultural production of India was directed 
during the last hundred years towards the securing 
of an exportable surplus of raw products, lo meet 
India’s obligations resulting from her connection 


with outside countries and not to meet her own 
requirements. 

The following few examples give an idea as to 
how the agricultural policy is based not on internal 
requirements but for outward obligations. India 
produces 52% of the groundnuts, 95% of jute and 
45% of rice of the world ; the first two commodities 
being mainly exported. 

The outbreak of the war in 1939, and later the 
occupation of Burma by the Japanese brought with 
it a clearer recognition of the importance of agricul- 
ture in India, as the import of. rice from Burma was 
completely cut out. 
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The term fertilizers includes a number of mineral 
substances, limestone, marl, gypsum, ijhosphate of 
lime, green sand, green manure, guano, kainitc 
(K:,S04, MgSO^, MgCU, 6HJD) and nitre (KNO^, 
NaNOa, etc.) which are of value for adding to the 
soil to increase its supply of plant food and also in 
some cases to correct its physical condition. Some of 
these have other uses over and above that of fertili- 
zers. The most important raw mineral for fertilizers 
is phosphate of lime. This occurs as crystalline 
|)hosphatc of lime or apatite associated with crystalline 
rock phosphate. 

Apatite: 3(Ca3(P04)2 Ca(F, Cl)2 

W’hen i)ure it contains 90% tricalcium i)liospliate, 
]o% calcium fluoride or calcium chloride. 

The material entering the trade contains varying 
quantities of A 1 and Fe phosphates with cartliy 
impurities including clay, silica, lime etc. Among 
the most important phosphates are : 

Collophanc Cag (PO^la CaCOg, vStrurite NII^ 
(MgPO*, 6Ha()), Wavellite (4A1P0,)2AI(()H)3 gll-P. 
Vivianite Vcj (P04)2 tSIIgO, StafTelite (P(.)4)2 

CaF„ CaCOa IT^O, Triplite (Fe, Mn), (POJa (Fc, 

MidFa. 

Apatite deposits of economic workability are not 
very common ; the largest deposit being found in 
h'uropean Russia. Minerological .studies in recent 
years with the help of X-rays have .shown that its 
composition is best expressed as Cai(Ca3F)2 (PO^)^. 
Apatite which is commercially known as rock phos- 
phate is by no means uniform in its occurrence and 
\'aries from ]>ed to bed and even in the same bed 
laterally. It is found in igneous nK'ks. It may be 
seen as veins in inetamorphic rocks and as a product 
of replacement in sedimentary rocks. 

Fluorapatite when pure contains 55’ 2% Cat), 
4* ‘3% Ps^^i iuid 3*7% P\ For market purposes the 
combined alumina and iron content should not 
ordinarily exceed 2*5%. 

The lump phosphate and coarse material of high 
grade are merely cru.shed and sized for marketing. 
The unconsolidated material (matrix or muck) is 
generally of low grade and re(iuires bcncficiation by 
flotation methods. 

Different types ov phosphates 

Triple super-phosphale, is manufactured 
by mixing the high strength phosi)horic acid with 
raw high grade phosphate dust in inixers. It con- 
tains about 45% of available plant food. 

Super-phosphate, — Phosphate rock containing 70 

74% tri-calcium phosphate is finely ground to 
about 200 mesh sizes. It is well mixed with an equal 
Quantity of sulphuric acid and heated, the product 
through different complicated stages before 


use. Super-phosphate contains 20 to 22% of available 
plant food. 

An interesting process of making supcr-phosphalc 
has been developed by the T.U.A. in America. If 
0*46 lb. of olivine is fused with 1 lb. of phosphate 
rock a product results containing 22 8% total PaO., 
of which 21*4% is a citrate soluble and therefore 
available for plant food. Thus a product somewhat 
more concentrated than ordinary super-phosphate can 
be made by a simple fusion process with no expen- 
diture of sulphuric acid. Another advant.age of the 
olivine phosphate process is the presence in the 
l)roduct of soluble magnesia an additional plant food. 

The Singhbhum Dunite (Olivine) belt is very 
near the Dhalbhiiin jdiosidiate belt, so the proximity 
of the raw materials is very advantageous. Due to 
the great paucity of sulphur in India, any process 
which does nf)t involve the use of sulphuric acid is 
of great advantage. 

Calcium mela-pliosphatc.-- It is glassy in appear- 
ance and contains 60 to 65% practically all of 

which is availalde as plant food in contrast with 
20 to 22% available in super-phosphate. 

l^SK.S 

A very large part of the phosphate production 
of the world undergoes some treatment before use. 
The chief use of phosphates is in preparation of 
fertilizing materials for agriculture, 90 to 95% of 
the world output going ultimately into agricultural 
use. riiosphate rock is also the raw material for the 
manufacture of phosphorus element, phosi)lioric 
anhydride (PaO.-,) and phosphoric acid. The chief 
centres of use of phosphalic rock and fertilizers are 
Fhiropc, North America and Japan. 

In the mineral returns of India the pre-war 
valuation of apatite from vSinghbhum is about Rs. 15/- 
per ton and that of phosphatic nodules of Trichino- 
poly containing 55 to 60% tri-calcium phosphate 
about Rs. 10/- to Rs. 12/- i)er ton. 

Dei'osits ok Apatite in India 

The l)est known occurrence is found in the 
copper belt of Dhalbhum (Fast Singhbhum). The 
mineral occurs as a constituent of lenses of apatite — 
magnetite “biotite — chlorite rock in the main over 
thrust zone, intermittently for a distance of 40 miles 
between Dhatkidili in Seraikela wState and Kliejurdih 
in Dhalbhum. 

The Tata Iron 8:‘ Steel Co. has done considerable 
prospecting near Kudada and adjoining areas but 
they hold no mining lease. 

The percentage of P3O5 in the ore varies from 
20 to 25 on an average. The ore is amenable to 
crushing and concentration by magnetic separation 
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of the magnetite and consequent improvement of 
grade to 35 per cent of PaO-;. 

The reserves of the ore in tliis area in three 
distinct belts taking an average depth of 200 ft. are 
taken as 700,000 tons. The total output between 
1918-38 was 28,000 Ions. Mr Murray of Kakha mines 
liolds some leases but no data of the output or the 
reserves are available. 

Near Sitarampur a village 25 miles N. W. of 
\'izianagram a lens of the rock is estimated to have 
3,000 tons of apatite taking average depth of 30 ft. 

A typical sample gives the following anal^’^sis : 



... 40 - 50 % 

CaO 

... 53 - 76 % 

SiO, 

... 1 - 52 % 

F 

... . 3 - 47 % 

Cl 

... 0 - 55 % 

11,0 

... 0-22% 

Jothwad ill 

Narukot-Statc, Rewa Kantlia 


Political Agency there are apatite-rich rocks asso- 
ciated with manganiferous rocks. 

The mineral occurs as a constituent of apatite— 
spessartite — pyroxene- (piartz rock and apatite — 
s[)essartite— piedmontitc rock and frequently consti- 
tutes iipto 30% of the volume of thc.sc rocks. No 
estimates are available. 

Phosphate rock and nodules arc found in the 
Trichinopoly district of Madras, South Arcot and 
Pondicherry, Mussorie in U. P. and Jhelum in 
Punjab. 


Foreign Deposits 


The largest known deposits of apatite in the 
world occurs in Kola peninsula west of White Sea in 
Russia. The apatite occurs in nepheline rock con- 
taining aegiritc and magnetite in small quantities. 
The deposits are about 500 to 600 ft. thick and con- 
tain 20 per cent to 35 per cent 

The following gives an idea of the ccjiisumption 
per annum of phosphate rocks in different countries^ 
before the present war. 


V. vS. A. .. 

U. S. vS. R. .. 

France 

Italy 

Japan 

Germany 

11 . K. 

Spain 

New Zealaml 

Australia" 

India 


3 million Ions 
2 (probably) mil Hon tons 
2 inillioii tf^ns 
^4' to 1 million Ions. 

X to 1 million tons. 

^ to 1 million tons. 

million tons 
'/2 million tons 
million tons 
Yz million t<ins 
negligible 


Basic slag.— The basic slag from the steel 
furnaces contains phosphorus. As the Indian iron 
ore is poor in phosphorus compared to foreign, the 
phosphorus content of the slag averages from 3 to 
5% which is uneconomical for commercial use as a 
fertilizer, but by amelioration with apatite a profit- 
able fertilizer might be produced. 

Potash in Flue-dust of Blast furnaces. — ^'fhe flue- 


du.st from blast furnaces contains a certain amount 
of potash which may be used as a fertilizer. The 
quantity available is very little and still will have to 
be used as such ; the concentration of the potash in 
the dust being both difficult and uneconomical. 

In 1913, W. A. A. Christie investigated the salt 
range occurrences and in the Mayo mines alone 21 
places were found in which potassium bearing 
minerals occurred. The percentage of potash varied 
from 6 .8 to 14*4% on an average. In Nurpur mines 
where the percentage of potash is 13*6 the mineral 
kainite was recognised. 

Bone and bone-meal. — The total tonnage about 
100,000 ions"'* is not adequate compared to the require- 
ment of the country and most of it is exported to 
foreign countries in the raw state. Recently a 
company named Malabar Fertilizers Ltd., has .started 
making bone-meals in Travancore vState with a daily 
output of 20 tons. 

Feldspars . — The potash feldspars orthoclase and 
microclinc, whose composition is expressed by the 
formula K Al SiaOg, contains as expressed in per- 
centages the following : 

AI3O, ... ... !8 4 ?{, 

SiO, ... ... 64 - 7 % 

K ,0 ... ... 16 - 9 % 

Feldsi)ars are widely distributed in many igneous 
and metamorphic rocks but in most cases they are so 
intimately mixed with other minerals, that their 
extraction is not commercially practicable, and it is 
only when they are found in pegmatites that they 
are worked. 

The possibility of using feldspars as a fertili/.er 
because of its potash contents has been suggested hut 
no commercially pracliaible means of extracting the 
desired element has as yet been found. 

PrOSPECTvS 

In view of 75% of the population of India 
depending on agriculture the resources of pho.sphato 
rock .seem to be poor from our present knowledge. 
The existing deposits must be proved and intense 
pro.spectijig work done for finding out new deposits. 
Methods of concentration of P3O..S must be tried in 
laboratories with maximum recovery. Methods of 
separating KoO from the feld.spars must be foiiiid 
out. Moves are afoot in establishing fertilizer indus- 
tries in Travancore by the State authorities and by 
the Imperial Chemical Industries near Dhanbad in 
conjunction with the Bihar Government. The salts 
contemplated for production will mainly be of sodiutn 
and ammonium. The problem of the utilization of 
Indian rock phosphate demands more research than 
it appears yet to have received. 

The iiDperative necessity of "establishing fertilizer 
industries all over the country can be seen from the 
position of the acreage under tilling in British India. 
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Distributions of 1,ani>* in British India 


IN Mii,i,: 


ON ACRBS 


Forest •• 

Not available for culli- 
vatiou 

Cultivable waste 
Current fallow 
Net area sown 

Total .. 


UMa-41 

(iH 

87 

98 

45 

2U 

512 


in percental^ i 
13-3 
16-9 
191 
8-9 
41-8 
1000 


It is seen from above that more than half the 
acreage is not cultivated every year and 30 /„ remain^ 
fallow due to lack of proper nourish niciil to soil. 


Vliaos IN bns. PiCR ACKK OK S! .MK CRol S KOK ip.vS 

IN difvkrk.nt countru'S 


Crop [.Siam [iC jiiy pi Korea] flaiy dennany' iiidia 


R’ce 
Wheat 
Col loll 


.. 1,297 I 3,136 12,464 4,928 | 834 

1,882 i 1,1.44 2,464 i 728 

440 97 


The above table points remarkably the low jiro- 
(liu'tivity of laud in India as compared to other 
countries. 

It will not be out of place to (piote here the 
observation of Rao Pahadur Bal, Agricultural chemist 
to the Government of C, P. and Perar. Dr Bal 
contends “that soils of our province have now 
reached a stationary rate of fertility at a low yield'- 
level, as a result of cultivation over many centuries 
without adequate returns or organic matter and 
pliosiiliate and due to the lack of proper soil manage- 
ment. “ He therefore suggests that the problem 
before ns is not one of preventing any further 
deterioration of soil fertility, Init is one of finding 
ways of iuquoving the soils which have more or less 
reached a mininium stage of fertility. 

It is suggested that fertilizer industries should 
be distributed throughout the country and not 
centred round certain places to alleviate transport 
difilculties. 


The forest policy of the State should be changed 
so as to help the ryots to get sufficient timber for 
fuel so that the uneconomical burning of the manure 
in place of fuel could be stopped. 

The large scale on which we are raising oil-seeds 
of all kinds suggests vast possibilities of using them 
in the building up of new industries like iiaints and 
varnishes, oils and other lubricating products. India 
which is at present the importer of the above com- 
modities should be made an e.xportcr and the jirofits 
thus accruing from agriculture will go to enrich the 
people of the country. In the same way other com- 
modities sliould not be allowed to be exiiorted in the 
raw state, but elTorls made to export them in a 
manufactured or semi-manufactured state. 

In conclusion it must lie borne in mind that our 
fundamental problem is that of adjusting our food 
resources to the growing [lopulation of the country, 
'flic prospects of expanding oiir land resources b\- 
hriiigiug uncultivated laud under ciiltivalioii do not 
compare well with the rate of increase of onr iiopu- 
lation ; and so the sociological aspect of the problem 
which is out of scoiie here has to be considered. 

It is not in the larger interest of this country 
to adhere to a scheme like that to which the luistern 
Group Conference would commit it resulting in the 
exploitation of its agriculture in the interest of the 
h'mpire, viz., this country has to export agricultural 
products in return for manufactured goods and 
machinery. 

The price which India has to be paid for such 
agricultural ex])ansion in the abandonment of a 
programiiie of develoiiing her heavy indu.stries is not 
worth the trouble. 


RkKKRI'NCKS 

‘ Pbosphates M. S. Krislinan, G.S.I. 

* Ivcaguc of Nations Statistical Year Book. 

* Tiidia’.s IMiiieral Wealth -J. Coggiii Brown. 

* Qjir Kcoiioinic Problem —Wadia aS: Mercliaiit ; Hconomic 
Geology — Kies; B!coiioiiiics of Indian AgrienUnre- R. K. 
Das ; Indian Finance ; Report on the improvement of 
Indian Agriculture Dr Voelcker; “Studies in Indian 
Hconoinics” issued by tlie Gllice of the Economic .'\d- 
viser to the (Jovt. of India -B. G. Chate. 
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MEDICINE AND PUBLIC HEALTH 


VITAMIN FIGHTS CANCER 

A (IKOUP of research \Yorkers of Mount Sinai 
Hosi)ital have recently re[>ortcd in Science, January 
12, 10^15, the result of their investigations on the effect 
of a new tneinber of the vitamin B series on mice 
cancers. The new vitamin is the folic acid and is 
also known as the L. casei factor. It was injected 
in tiny doses into the veins of 8g mice that had 
developed breast cancers. The injections, Kiven daily, 
were continued for four to six weeks. The tumours 
disappeared completely in 3<S of the total batch, and 
40 of the mice arc still living. Only one of the treated 
mice developed a new tumour. The results were 
compared with Oo cancerous mice that were not 
treated with the new vitamin. N'one were relieved 
of tumours ; on the contrary, 14 mice developed fresh 
tumours, and only 20 have survived to this date. 

The effect of this new vitamin on cancer in the 
human beings has not so far been studied. The 
authors stated that the very limited supply of the 
vitamin prevented similar experiments with human 
beings from being undertaken. The Ty. casei factor 
whose chemical structure and many other properties 
arc still unknown is at present extracted with 
difficulty and after costly operations. 

The nature of action of this vitamin on cancerous 
tissue is also not known. The anti-cancer activity of 
a number of extracts such as material from spleen, 
yeast and barley, which had been invviously noticed, 
led the pre.sent investigators to suspect that .some 
vitamin was responsible for this, and they started 
investigations on this new vitamin B complex when 
its discovery was announced. 

MEPACRINE VS. QUININE 

Tuk stoppage of tlie supply of quinine *trom 
Java, following the Japanese occupation of the island, 
has led to a wide application of the synthetic anti- 
malaral drug mepacrinc B.B., variously known as 
‘atebrinc* or ‘atabrin' and T|iiinacrine hydrochloride’ 
of the U. S. Pharmacopoeia, for the control of malaria. 
Mepacrine, as is well-known, has an acridine nucleus 
with a long side-chain ending in a substituted amino- 
group. The fact that the use of mepacrine as a 
substitute for quinine was forced on the Allied doctors 
and not resorted to as a matter of choict'’ has given 
rise to an impiession in several quarters that the 
synthetic drug is inferior to natural quinine. A 
statement issued by Ihe Medical Research Council’s 
Committee on Malaria yB}H. Med. Jour., Nov. 18, 


1044) now places on record that such impressions are 
largely without foundation. The United States Board 
for the Co-ordination of Malarial Studies has evaluated 
the relative merits and demerits of the drugs by wide 
investigations in civilian, Army and Navy establish- 
ments and has concluded that (|uininc or totaquinine 
has neither any advantage nor disadvantage compared 
to mepacrine for routine suppression and treatment of 
malaria. Mepacrine is an equally reliable anef ePl 
cacious drug for the control of malaria, and large 
scale i)roduclion of (punine or totaquininc, although 
necessary inasmuch as anti-malarial drugs are not 
available in sufficient (piantity, is not, however, in- 
dispensable from any consideration of superiority. 
The findings of the Medical Re.search Council’s Com- 
mittee on Malaria have also been similar to those of 
the U. S. Board. The statement of the Commitk\- 
‘further appears to indicate that mepacrine has nothing 
to fear from (luinine even when unlimited supplies of 
the latter are available and will be u.scd with e(|ual 
preference for treatment and control of malaria. 

DEATHS FROM MALARIA IN BRITISH INDIA 

A statumrnt laid before the Central Asscin1)l> 
by i\lr J. I). Tyson, vSecretary, Education, Health 
and Lands, Government of India, shows the niuiiher 
()f deaths from malaria in different provinces of British 
India during the years 1038-43. 

In 1938 in Briti.di India, 1,377,865 deaths oc 
curred from malaria. Of these, 50 were in Nortli- 
\\‘est Frontier Province, 5,015 in the Punjab, 315 111 
Delhi, 489 in Orissa, 819,057 in U. P., 1,320 in 
Bihar, 416,521 in Bengal, 302,250 in C.P., 29,700 in 
Bomba>, 1,686 in Sind, 1,190 in Madras, i8r in 
Assam, and i in Ajmer-Merwara. 

In 1939 the total number of deaths reported \\i«> 
1,411,614. Of these, 30 were in N. W. F. P., 2,477 
in the Punjab, 243 in Delhi, 754,068 in U. P., 4i73 i” 
Bihar, 592 in Oris.sa, 34U32T in Bengal, 267,432 in 
C. P., 28,833 ill Pombay, 1,546 in Sind, 1,304 
Madras, 202 in Assam and 3 in Ajmer-Merwara. 

In 1940, 1,303,079 deaths were recorded. 01 
these, 36 were in N. W. F. P., 3218 in the Punjab, 310 
in Delhi, 717,319 in U. P., 3,777 in Bihar, 497 
Orissa, 369,448 in Bengal, 265,265 in C. P., 29,602 
in Bombay, 2,106 in Sind, 1,271 in Madras, 107 in 
As.sam and 14 in Ajmer-Merwara. 

1,408,068 deaths occurred in 1941. Of these, 93 
were in N. W. F. P., 4,366 in the Punjab, 288 in 
Delhi, 707,456 in U. P., 1^057 in Bihari 5^ in Orissa, 
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;,88,;,8i in Bengal, 269,253 in C. P., 32,099 in Bom- 
i)ay, 2,731 in vSind, 1,335 in Madras, 205 in Assam 
and 215 in Ajnier-Merwara. 

Ill 1Q42, 1,513,476 deaths took place. Of these, 
07 were in N. W. F. P., 17938 in the Punjab, 1,149 in 
i;elhi, 747,462 in U. P., 37S in Orissa, 426,573 in 
Bengal, 285,573 in C. P., 28,905 in Bombay, 2,911 
in vSiiid, 1,827 in Madras, 256 in Assam and 436 
in Ajmci'-Merwara. The tigiire for Ihliar was not 
available. 

In 1943, i,775»3ib deaths occurred from malaria. 
In N. \V. F". P. there were 70 deaths, in the 

1 nnjab, 952 iu Delhi, 800,694 in V. P., 769 in 
Orissa, 674,330 in Bengal, 254,109 in C. P., 32,819 
in Bombay, 2,498 in Sind, 1,787 in ^ladras, 290 iu 
Assam and 137 in Ajmer-Merwara. The figure for 
Hiliar was also not available in 1943. 

The figures of deaths given for Assam, Madras, 
Ajmer-lMerwara, Orissa, Bihar and N. \V. F'. P. were 
for municipalities only. 

DEXTRAN AS A SUBSTITUTE FOR PLASMA 

A. Oronwam, and B. Ingelmaii, of the Institute 
of Physical Chemistry, University of I'ppsala, have 
investigated the possibility of using dextran as a 
substitute for plasma in the treatment of shock and 
have reported their results in A’a/arr, January 13, 
I'lLS. In the usual treatment for shock, the volume 
of the circulating blood requires to be increased by 


the infusion of a liquid which must contain colloids 
that exert the same colloidal osmotic pressure as the 
plasma proteins. The colloids must have a mole- 
cular si/.e that renders impossible their passage 
through the walls of the capillaries, should not possess 
high viscosity, should admit of repeated intravenous 
injections, and should not remain long in the blood 
or stored in the organs. 

Dextran is a water-soluble high molecular carl;o- 
hydrate which is formed in soUitioiis of sugar infected 
with the bacterium Lciiconosloc mrscnlnouL's. 'Hie 
authors prepared, by well-controlled partial hydro- 
lysis, dextran solutions suitable for infusion. By 
e\i>eriiiiciits with dogs, they eslablisheil that the con- 
centration of dextran in the blood fell to zero in the 
course of 3 to 4 days. No storage of dextran in 
the organs could be detected even after repeated 
large infusions. This, the author explains, is pro- 
bably due to its decomposition into glucose and 
relatively low molecular fragments that can easily 
pass the kidney filter. 

In shoe-ks from bleetUug, and histamine ^hock 
develo]>ed artillcially in rabbits and cats, they have 
obtained rapid and lasting effects 011 the bhjod 
pressure, lieart action and resi>iration. Clinical in- 
vestigations prompted by these initial successes with 
animal experiments have indicated that dextran is 
belter suited than gum arabic, pectin or polyvinyl 
pyrrolidoiie as a plasma substitute. 


PROCESSED SOYA BEAN IN BALANCING INDIAN DIETS 

U. K. C HATTKRJEK 
(Continued from ilu' last issue) 


'fRKATMKNT Ol- S<>YA BBAN ANP IMPR* A'KMKNT OV 
DiGKSTIBimTY 

Theoretically, diketopipera/ines are anhytlrydes 
produced l>y elimination of water during con- 
densation. Simple methods of hydration were uii- 
suilcd in this case as they affected the ciuality ol 
protein. Sometimes it rendered the protein of soya 
hean completely useless as a nutritional factor iu diet. 

in practice, we found out our own method by 
which these diketopiperazine rings were eliminated 
and whereby the bulk of the amino-acids was found 
linked in the old polypeptide way of linkage. Side 
^'hain condensations and cyclic formations were con- 
trolled as far as possible. The entire protein was 
hoinogeucpus in structure and (luality. 

This new soya bean protein with modified struc- 
ture neither resisted proteolj'tic digestion nor proved 


degraded iiulrilioiially. The ])revious siiecific re- 
actions indicating diketopiperazine rings were mostly 
absent. 

The chemical Ireatmeiit mentioned above i>lus 
autoclaving with 15 lbs. of pressure per sq. inch for 
5 minutes and then blow’ing out the steam succeeded 
in liberating the soya protein from the cellulose 
envelope. 

It was also found I hat during these experiments 
parts of the ccdlulose W'ere converted into oxy and 
hydroxy cellulo.se. 

Experiments on Dificstion . — While studying the 
digestion of soya protein, we took up a comi^arative 
study of the digestion of protein from different 
sources. In our experiments, amino-acids were 
accepted as the digestible form of protein hydrolysis 
products, and accordingly the liberation of amino- 
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acids was ineasurcd. In these experiments, conver- 
sion of the proteins into amino-acids was taken a^^ 
the index of digestibility. The degree of conversion 
was conipiited by a rate of increase in acidity. 
Sorensen’s formal titration method was applied for 
the ineasurenient of the increase in acidity. A com- 
parative study of digc.stibility was made after ex- 
periments with (i) Raw soya bean powder, (2) Treat- 
ed so3’a bean i)owder, (3) Goat’s meat, (4) Pork, 
(5) Cow’s milk. 

llydroly.sis of all the live materials was con- 
ducted under similar conditions. The liydrolysis 
was done on water baths and the temperature of the 
hydrolysate was kept within 57°C. in the beginning 
but raised to 70® for the last one and half hours. 
/>H was kept betw'cen 5 and 5'^. Activated papain 
was used as the pr(Ueolytic enzyme. The activation 
t)f papain by hydrogen sulphide was necessary for 
arriving at the aniino-acid stage of the hydrolyzed. 
The amount of papain added to each of the hydro- 
lysates was always the same but it was introduced by 



instalments of small quantities. Kqual quantities of 
hydrolysates were filtered before titration and 
phenolphthaleiu was always used as indicator. Only 
in the later stage of po: k and meat hydrolysis, the 


hydrolysate was assuming brownish colour, but this 
was decolourized by precipitation with silver chloride 
as per instructions of Soren.sen ; jessen and Hansen. 

The results obtained have been drawn on the 
graph : (Fig. i). These indicate different rates of in- 
crease in aciditN' resulting from the liberation of free 
carboxyl gn»iips of amino-acids. These amino-acids 
are in a digestible fc^rm. So their increase corresponds 
to the increa.se in the rate of dige.stion. 

In case of meat and pork the rate of increase in 
acidity was very rapid for the first five hours, but 
after that the increase was extremely slow. But iji 
other ca.ses, no such .sudden rise was observed the 
increase was very regular. At the end of 8 hours, 
treated soya bean showed the inaximuiu increase. 
This shows that at the end of 8 hours, treated soy;i 
bean has the maximum digestibility. 

A biological experiment with treated .soya bean 
flour on rats showed that after continual feeding 
for 7 days, all the- rats increa.scd in weight, without 
any deterioration in their general condition. The 
feeding was continued for over two months and the 
progress observed was proportionate and satisfactoi \ 
as during the first 7 days of the experiment. 'Hie 
feeding experinietits were started after a starvation of 
24 hours. These rats wxTe kejU under the followinj^ 
conditions : — 

T. Kach of these rats was separately examined 
for its general condition -both at the be- 
ginning of our experiments and at their 
conclusion. 

2. Xo other fov.d except treated soya bean 
flour was supplied to them during the i)eriod 
of experiments. (By treated soya bean flour 
we mean a powder in which diketopiperazine 
rings w^ere converted and the cellulose eiive- 
1 >l)e was loosened by chemical treatment). 

t)nly fresh water was given as drink. 

Through our experiments we observed : — 

1 . At the end, the quantity t>f treated .soya 
bean flour taken by these rats gradually he- 
came much less than wdiat was taken at the 
beginning, just after starvation. But this 
did not seem to affect the general health or 
outward api>earance of the rat in any way. 
In fact, they were more playful and glossy 
and their body weight also increased. 

2. There was no evidence of any vi tain in 
deficiency after this treatment. 

3. The quantity of faeces increased in direct 
proportion to the quantity of soya flour 
eaten. 

4. The nature of faeces was not changed but 
they were compardtively soft. 
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The following table shows the details of our 
experiments. To show the rale of the loss in weight 
and subse(iuent recovery, records of the body weight 
were made before a starvation of 24 hours : — 

The graph and the table support our slateiiient 
that the actual removal of diketoi»ii)eraziiie rings of 
linkage and liberation of protein from its first cellu- 
lose grip improves the digestibility of s(iya bean ijro- 
lein to a great extent. 


The oil when frozen out gives about 14 per cent 
of solidifying glycerides and So i)er cent of non- 
solidifying glycerides . 


The average characteristics of soya bean oil cjin 
be summarized as : 


1. Specific Gravity 

2. Sapuiiificatioii value 

3. Iodine value 

4 . Acid value 


()’918 

189-45 

\27m 

0-30 


I 


Animal No. 


T 


II 


III 


Dale 


1st Day 
1st Week 
2nd Week 
3rd Week 
4th Week 
Sill Week 
Gtli Week 

1st Day 
1st Week 
2iid Week 
3rd Week 
4th Week 
5th Week 
6th Week 

1st Day 
1st Week 
2nd Week 
3rd Week 
4tli Week 
5th Week 
6th Week 


1 

lody wl. (»f 
the Rats 

! Ouantity of 

Nitrogen in 

1 Nitrogen in j 



Treated Soya- 
bean fiiten 

graiiimes in 
Food 

; grammes in j 
I'aeces 1 

Nitrogen 

Relriim-il 



1 


(Intake N) 

■ (Excretion N) j 








! i 

ill gramines 

j in per cent 

OZ. 1 

1 0 

1 

0 

0-17 

___ 

1 


oz. 

i ^ 

oz. 

5-07 

0-254 

4-816 

95 

9 

()/. 

! 5 

oz. j 

8-8 

0-88 ; 

7-92 

90 


oz. 1 

' 2 

oz. ; 

3-45 

0-30 

3-15 

93 

9y. 

0 /. ; 

2 

OZ. 

3-45 

0-AS 

3-10 

90 


oz. 


oz. 

4-31 

0-52 1 

3-79 

85 

10 

OZ. 

1 

2 

oz. 1 

3-45 

0-36 

.V0f» 

89 

9 

1 

0 /. 

nil 

nil 

0-186 i 

__ 


7!: 

0 /. 

5 

oz. 

8-8 

, 0-88 1 

7-92 

90 

8 

oz. 

5 

oz. 

8-8 

, 066 ! 

8-14 

93 

8 

oz. 

2 

oz. 

3-45 

0-30 

3-15 

93 

HVi' 

0 /. 

2 

oz. i 

3-45 

0-40 

.3-05 

88 

9 

oz. I 

.3 

07. 

5-18 

j 0-60 

4-58 

88 

9'^ 

1 

2*; 

07. 

4-31 

1 o-=to 

4-01 

93 

8 

oz. 1 

nil ! 

nil 

! 0-15 1 

nil 

nil 

fii; 

oz. j 

3 

oz. 

5-18 

: 0-65 ! 

4-53 

80 

V 4 

oz. 1 


OZ. 

4-31 

i 0-65 j 

3-66 

85 

7!i 

oz. 

2 
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3-45 

j 0-25 ! 

3-20 

1 92 

8 

0 / 

2!^ 

oz. 

4-31 

, 0-45 1 

3-86 

; 90 


oz. 

2>< 

OZ. 

4-31 

0-25 ! 

4-06 

94 


oz. 

2 

0 /.. 

3-45 

! 0-40 

1 1 

3-15 

IK) 


The bittci taste and disagreeable odour due to the 
presence of some volatile ketmies and aldehydes may 
be im])roved by distilling them off under steam. The 
steam treatment also imi)roves the keeping (piality 
!>>’ rendering the original enzyme inactive. 

h'al (/; per cent).— The Indian soya beans, with 
uliicli we worked in our laboratory, lia\e an un- 
usual fat content ranging from 15 to 20 per cent. 
I'he darker coloured beans contain a little more oil 
tban the lighter coloured ones. 

The soya bean oil consists almost entirely of 
neutral trig hxer ides. After saponification about 9 
to 9j4 per cent of pure glycerine was obtained. 
Indian soya bean contained more than 1*7 per cent 
of unsaponifiable matters. Upon slow cooling at about 
the oil loses uniformity and separates out into 
two fractions ; the solid fraction settled in the 
fiottom of the vessel. 


Tile colour immediately after extraction is pale 
yellow, but when the moisture content exceeds 4 per 
cent, the colour becomes darker. On the other hand, 
when oil storage, i)hosphatides separate out, the 
colour becomes lighter. If sufficient time is not 
allowed for the sciiaratioii of '‘foots”, the oil ai)|)cars 
to be dark and cloudy. 


On storage, the acidity increases and this is due 
to the fat-siditting iwocess in the oil. On storage we 
alsi^ marked changes in specific gravity, saponifica- 
tion value and iodine value. 

The compositit)!! of a sample of soya bean oil, 
extracted from the Sikkim variety of “mammoth 
yellow large” seed shows: — 


Liiiolic Acid 
Gleic Acid 
Liuolinic Acid 
Stearic Acid 
Palmatic Acid 


App. 50% 
29% 

M 2 ^% 

»• 3 % 

8 % 


Also traces of Arachic acid was obtained. 
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The* importance of vsoya bean oil as a remarkably 
nutritional product, centres principally round its high 
percentage of unsalurated fatty acids and phospha- 
tides. The oil contains about 8i per cent of un- 
satinated fatty acids which renders it highly diges- 
tible. Muiik and his colleagues have sliowii that 
under conditions when g to 14 per cent of tristeariii 
is assimilated, the coiTesiK)nding ligure of triolein or 
tribiiiolin is (jS per cent. Suyu bean oil containing 
(1) Phospliolipins, as cephaliii and lecithin- 2*5 per 
cent., (2) Xon-saturated fatty acids-- 81, (3) Sterol 
substances which are related to Vit. D and both 
male and female gonadic hormones, (4) Carotene (Pro 
Vitamin Aj-- about i2,oo<^) U.S.P. units per oz., 
(S) t)lher undetermined and undeliiied nnits of vita- 
mins II, l>, !•', F and K sliould not fail to fulfil the 
mo.st rigorous demands of the nutritional experUs. 
'I'he above initritioiial substances were identified from 
oils extraeted from processed beans. 

On relining^the oil, lecithin is completely lost, 
unsalurated fatty acids arc almost i>recipitated In- 
alkali and along with them go out the vitamins, 
sUa'oIs, aiul other remedial and nutritional materials. 

riiost^liiitidcs (3'oo per cent). — I'hosp hat ides exist 
in soya beans in two different states. As free phos- 
phatides, they arc present in the oil droi)lels of soya 
bean cotyledons and the palisade Jind the aleiiron layer 
and in Ixjiind stale it exists as protein phosphatide 
compound. The free phosphatide which forms only 
a small part of the total phosphatide can be ca.sily 
extracted by etliyl alcohol (29 per cent). This is 
always less than i per cent. W’e formed wrong im- 
pressions, ill our earlier estimations and w ere inclined 
to declare this (luantity oi phosphatide to be the only 
<iuanlity i)resent in Indian beans. Put when heal 
was applied iluring extraction or extraction was made 
witli slightly alkaline solvents the percentage of 
pliospliatide increased. The extraction of phosplia- 
lides alst) differed in pn^porlioii to the amount < i 
moisture contained in the seeds. I'or an excclleiil 
extraction, the optimum moisture content should be 
between 7 per cent to 12 per cent. The extraction of 
phosphalidcs from dry beaus is always less efficient 
than pho.splialides obtained from slightly moist ones. 
This phciionieiion has been exj)lained as the result 
of the iiilliience of moisture in deranging the existing 
bonds of the ^ffiound” phosphatides. 'J'lie usual time 
taken for the extraction of soya bean oil in laboratory 
Soxhlet does not exceed one and half hours*, during 
which time about 12 syphonings are completed, but 
for the extraction < f idiosphatides an extra lour hours 
was usually reiiuired. 

In course of cxpcnineuts of extraction of soya 
bean phosphatides with dilicrent solvents, we found 
that though hot ethyl almhol proved to be the best 


solvent for phosphatides, carbon tetrachloride and 
ethyl ether were better for solvents for extraction of 
oil. 

Though various recommended methods were 
tried with single and mixed solvents, our best results 
were obtained in the following way : 

Kth\l Alcohol Q5 per cent was used, and the 
Icmiieratiire of the c.^tracling solvent was raised to 
75^C. The processed soya bean samples were ground 
to 50 mesh fineness. For each gramme of powder, 
about t6o c.c. of .solvent was used. 

After extraction, the liquor olitained was cooled 
to 2a^C. when the oil and alcoliol separated out into 
two layers, the upper layer being an alcoholic .sohi- 
lioii of phosi)hatitles and their carliohydrate com- 
pounds, while the lower layer contained mostly oils. 
The upper layer was treated with calcium chloride 
to give a satisfactory separation by coagulation of the 
lihospliatules and carboliydrates from alcoholic ex- 
tracts. In one of his very recent publications, 
Ilorvatli pointed out that “Soya bean lecithin was 
])Oinid to a carboliN'drale which is only i)artially re- 
moved I)y organic solvents”. \\V found that it also 
contained nitrogenous matters of various nature. 

The phosphatides of soya bean are mainly 
lecithin and cephalin. They were fractioned into 

(a) fraction insoluble in cold ethyl alcohol, which was 
found to contain more than 30 per cent cephalin, 

(b) fraction solul)le in cold etliyl alcohol, wliieh was 
found to contain lecithin in coiiibination with carbo- 
hydrates. 

Soya bean lecithin w'as mostly found in bound 
stale. So it should be extracted by ether while 
ethyl alcohol could not extract it entirely. A i^arl 
of the lecithin was found to exist in firm chemical 
combinations with a carbohydrate of di- or poly- 
saccharide type. Before removing the lecithin, it 
was necessarx to boil the carbohydralc-lecithiii com- 
pound with a .solution of 5 jier cent H2SO4 for at 
least two and half hours. 

The pure soya bean lecithin has the usual physi- 
cal properties of animal lecithin but it is more in- 
clined to darken through oxidation, and some of its 
salts of heavy metals behave differently from corres- 
ponding salts of animal lecithin. 

The cephalin content in soya bean oil is usually 
more in quantity than lecithin. Soya bean cephalin 
separates from the lecithin on their difference in 
solubility in cold ethyl alcohol. This method of 
separation is often very troublesome, as the presence 
of lecithin in the fraction partly protects cephalin 
from being precipitated. 

Cephalin obtained from soya bean as colourless 
solid body shows little or no difference with that 
i.solated from animal sources. 
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Viiamins.~An their publication, Piper and 
Morse writes : .... “It is one of the few plant 
seeds that contain both of the vitamins necessary to 
life in higher animals including man’*. Daniels and 
Nichols (1917) studied the vitamin content in a (|uali- 
tative waj', and they found that a diet containing 60 
per cent of soya bean as the only source of vitamins 
made possible the i^roduction and rearing through 
the .suckling periods to successive litters of young 
rats. In the exi)eriments of Osborne and .Mciulel 
(191 7B), the re.sult indicated that soya bean contains 
a .sufficient (juaiitity of water soluble vitamins neces- 
sary for the promotion of proper growth. During 
their experiments which lasted >00 days the rats 
grew normally and no eyesoreness, common t«) rats 
on diets lacking sufficient fat and water soluble 
vitamins was noted. Our experiments also have 
afforded us an opportunity to carr>- out researches 
on the comparative vitamin ci)ntents of treated and 
untreated soya beans. The presence of Vitamin A, 
Ih and K was noticed in considerabU* proportiems in 
raw beans but during chemical treatment for the im- 
provement of digestibility, about 25 per cent of 
Vitamin P-, was lost. Vitamins 1 ) and K were also 
jireseiit but no correct estimation of the (piantity was 
possible. Ill diets in'Ciiared frfim raw .soya !)ean, 
Vitamin C is completely absent. In the processed 
soya bean, it is possilde to add a proportionate (luan- 
tity of Vitamin lb (from Rice I’olish) and Vitamin C 
(from Amla) to render the miiriticm more balanced. 
In one of our feeding experiments, in which we added 
as much as 15 mgm. of X'itainin C i)er ounce of 
l»ovvder we found that the results obtained were 
very .satisfactory. 

Carbohydrate (/O her ant by dif/crenre). In 
about 20 per cent of 4 lic samples received from 
northern W P. and Nepal, apprecialdc (|uantities of 
Ntarch were detected. Only on rare occasions the 
starch iierceiitage was insigniticaiit. 

Of the total quantity of carbohydrates, more than 
4 per cent dksolved in 95 iier cent alcohol did 
not reduce the hVhling .solution immediately, only 
on boiling with mineral acids, the reduction of the 
solution was brought about. This particular portion 
of carbohydrate when treated with nitric acid, yield- 
ed acetic and mucic. acids. Carbohydrates responding 
to these tests have been characterized by Tollen as 
f^alactans. 


We also found peiito.sans about 2*9 per cent, 
raffino.se 21 per cent and dextrine 2 75 per cent as 
principal constituents of the carbohydrates. I'he 
high percentage of cellulose originally present got 
converted into more useful forms such as oxy and 
hydroxy cellulose during these treatments for the 
structural conversion of dikclopipeiazine linkage of 
soya bean amino acids. 

These converted carbohydraies when tried on 
rats for digestive tests gave very satisfactory results. 

Minerals (s /ho ifw/).— The ash is very rich in 
phosphoric acid ami potassium. Although the presence 
of iron, magnesium, calcium and sodium in fairly 
good (juantities was detected, we preferred a further 
treatment with calcium lactate to iiUTease the calcium 
content, by increasing the calcium content, the 
calcium phosphorus ratio could be made to approach 
2:1. . , 

Amongst other minerals, it contains, calcium (>'25 
per cent, total iron 71 mgms. per cent, and ionisable 
iron 6‘.^5 mgms. per cent. The ash was alkaline in 
reaction. 

In dealing with soya bean as food, we have 
hardly touched upon its excellent industrial pro- 
.si)ect, but expirimeiits done in different lines, em- 
boldens us to remark that every com]>onent of this 
wonder bean can be recommended as a source for 
big indu.stries. 

While, howev'T, considering the deficiencies in 
the diet announced by the ('lovernmeiit re|)ort at the 
beginning of this coiitribiitiun, we can .state that 
Sfjya bean made more digestible after proper treat- 
ment is most suited as a balancing adjunct to the 
poor Indian tliet. It shall at least supply people with 
the required (luanlity of biologically useful protein 
and uiKsatiiraled fats at a small co.st. 

A consumiition of two ounces of .soya bean 
powder to start with will almost balance the defective 
diets of an average Indian who is averse to meat 
diet and which he cannot afford for economic rea.sons 
and cannot use a suflicieiit (juantily of i)Ure milk.’** 

I triider tny hearty thanks to Mr Aiiiiya Kumar 
Hanerji, U.Se., thi-niist to the Indian lleallh Institute, and 
r.aboratory I. id., for hehnng in carrying out some of the 
most important experiments, without which this contribu- 
tion would have remained incomplete. 
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A Survey of General and Applied Rheology. — 

By (). W. vScolt Blair. vSir Isaac Pitman & Sons 
Ltd., London. Pp. XVI 4 tq6. 

Dr Scott lUiiir lias contrihiital considerably to 
the developnieiit oi the new Science of Rheology. 
So a book on the subject from his pen is very wel- 
come. The author intends the book mainly for the 
jiractical rhcolfi.eist imrticularly for young plu'.sicists 
and chemists who have become rheologi.sts by pro- 
fession. The introductory chapter that comprises the 
history of the development of the science of rheology 
is an interesting and masterly survey of rheological 
knowledge beginning with the earliest records avail- 
able on the subject. The rcM of the book is divMed 
into two i>arts. Tlie first part contains analysis of 
the rheological phenomena and a critical review of 
the different methods of measurements of the various 
elements into which the complex rheological proper- 
ties may be re.stdved. The second part deals with the 
interpretations of these measurements. The authoV 
here discusses the advantages and disadvantages of 
the different mechanistic models as well as the mathe- 
matical expressions for the representation of the 
phenomena and finds “that it is not widely realized 
how great a part the subjective testing of materials 
still plays in industry”. He arrives at the conclu- 
sion that infinitely long time will elapse before 
mechanical ineMSuremont of all the rheological con- 
cepts of importance in industry will be made possible. 
Hence the author attempts in the last four chapter 
to bring psychophysical conceptions as far as possible 
into sciculilic alignment. The book is written 
throughout in a literary style rarely met with in 
scientific literature. The usefulness f)f the book has 
been increased c<nisi(lerably by inclusion of extensive 
classified references to literature on this subject. 

K. B. 

Soil Fertility as the Basis of Public Health. — (News 
Letter on Compo.st). Published by the County 
Palatine of Chester Local Medical and Panel 
Committee. 

The three is.sucs of the News Letter which 
appear in February, June and October of each year 
under the general title of ”Soil Pertilily as the Basis 
of Public Health” are publi.shed by the County 
Palatine of Cheshire Local Medical and Panel Com- 
mittee as tlic result of their careful observation of 
the health of the people under their charge. Kacli 
number consists of some 50 pages of closely printed 
matter comprising correspondence, reprints of articles 
from agricultural or horticultaral literature, and re- 


ports of public discussions notably those which have 
taken place in the House of Lords. 

A study of these most interesting and important 
publications brings to mind a story illustrative of the 
British method of handling revolutions. The young 
communist excited after listening to Hyde Park 
oratory exclaims ”\Vhat we want is a couple of 
good machine guns.” ”\\1iat you want, niy lad,” 
says the kindly I.oiulon policemen, “is a cupla 
asi)eri 11s — move on.” W hen we read such statements 
as “that the intrusion of (lualily into erop production 
automatically eliminates the statistician” and further 
that “the NPK mentality will have to be utterly dis-' 
credited and destroyed,” there ari.ses a vision of 
agricultural research laboratories and their staffs dis- 
appearing in a rattle of machine guns. On the other 
hand it may be doubted whether the application of 
a mild sedative in the shape of rather old fashioned 
conserv'ative critici.sm will stem the tide of new ideas 
revealed by these publications to be flooding in by 
various channels over the fields both of agriculture 
and of economics. 

The foundational thesis of the Compost News 
Letter is to emphasize the need for a universal obedi- 
ence of the “law of return” i.e. to give back to tlie 
soil all that has been withdrawn during the growth 
of the croj). In this return is included not only 
N.P.K. but unnumbered other elements living and 
non-living or it may be at least catalytic. Strangely it 
would appear that eve international politics haw* 
entered into the question. After the third of 
Germany's five wars, i.e., the Franco-German war 
of 1870, attention was chieffy given to the views of 
the German .scientists Liebig, Schwann and Virchow. 
The French .school was overlooked. It was Prof. 
Becliamp who urged the consideration of the lowest 
units of “life” which he declared were to be foiiiul 
not in the well recognised cell seen in the visible 
structure of living things but in what lie termed 
“niicrozyma.scs” or “little bodies” which he declareil 
could actually be seen under the microscope, parti- 
cularly in the blood stream. The essential point of 
the controversy between the “organic” and “mineral” 
schools is in the words of Lord Geddes in the House 
of Lords debate : “Is the supply of these little living 
bodies essential to the continued vitality of human 
bangs or is it not?” 

The use of properly prepared compost inannie 
provides an unbroken living chain from soil to croj) 
and from crop, by way of animal, back to soil again. 

The importance of this chain is borne out by 
the varied and extraordinary evidence from all over 
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the world published in these News Letters. Of this 
evidence perhaphs the most important is Riven in the 
form of a Supplement to News Letter No. y, June 
1044, which is devoted to an account of “the People 
of the Hunza Valley.** 

Hunza lies to the north of Kashmir iu the 
heart of the Karakoram range of mountains. This 
people numbering .some 10,000 is a remnant of an 
old wave of migration which has survived 600 years. 
They are a courageous, hardy and haj^iw folk. 
Although the people are 99% illiterate they have 
achieved difficult engineering works without mathe- 
matics, agriculture without chemistry, sufficiency 
without trade, health without medicine, and morality 
without moralizing. Their religion is a iiiodificalioii 
of Islam. High principle and healthy active life 
enables them to maintain racial purity while avoid- 
ing clOvSc inbreeding or artificial birth-control. Their 
national game is polo. There are no police and no 
murders. Their system of agriculture has been com- 
mented ui)on by Sir Robert McGarrison. It involves 
utilization of all available water by carefully devised 
terracing and in the present connection all ivaste 
material is returned to the soil. 

This is an outstanding case of a whole people 
happily supporting itself through a fundamentally 
correct maintenance of .soil fertility. 

Among the varied and interesting evidence 
hroiight forward in the numerous contributions to 
the three numbers of the News T^etter under review 
the following remain in the memory — viz., the 
manginess of the lions in Cecil Rhodes* private Zoo 
at Cape Town, when they were fed on frozen meat 
and their prompt recovery on return to freshly 
killed fare ; — the way in which of two .stored bins 
of wheat-grain, the rats attacked only the .sample 
grown on soil manured with organics ; and such 
horticultural evidence as is afforded ])y the checking 
and final overcoming of virus disease in raspberries 
and strawberries by liberal application of compost. 
We learn that both the Government and the Muni- 
cipalities of South Africa are becoming “composl- 
ininded.** It may well be regretted that it has taken 
so long to realize the true ba.sis of South Africa*s 
wealth. 

The frequently raised (lucstiou of cost is being 
met by the invention of the “muckshifting crane”, 
devised by Mr F. Sykes of Chantry Chute, Wilitshirc 
•md now manufactured by the well-known agricul- 
t^iiral engineers, Messrs. Ransom and Rapier of 
Ipswich. Thus compost-making is being “mccha- 
nizcd**. Mr Sykes calculates that he can now produce 
f'ompost at 15 . 8d. per ton. 

In the realm of laboratory research attention is 
tawn to the. problems connected with the activities 
® fwngi in the compost heap and the possibility of 
7 


utilizing woody matter through their activity and 
also the possible importance of penicillin effect in 
controlling the .specific reactions in the coniijosliiig 
l)roce.ss. 

Altogether for the modest subscription of 
5 shillings per aimuin, payable to Dr Pictoii, Hon. 
Secretary, Saddler’s Close, Holmes Chapel, Cheshire 
a remarkable supply of provocative and stimulating 
reading is provided for the increasing number of 
those concerned in the various activities of the Grow 
More Food Campaign. 

t;. 7. /*. 

The Peckham Experiment. —A study iu the living 
.structure of .society hy limes. IT. Pearse, M.D. 
and Lucy. H. Crocker, B.Sc. Published by 
George Allen and I^nwin l.td., London, r943. 
Price I2.S*. 6 d. net. 

The work described in the hook, is stated to be 
the outcome of the long continued interest of 
Dr Pearse in Infant Welfare arising out of her exjie- 
rieiice in this field iu the East End of London. The 
joint author .specialised iu natural philosophy, taught 
biology in secondary schools and later on collabtiraled 
with Dr Pearse in the experiment described. 

Ill social welfare work in general, selection is 
made for operation, of groups defined by age or .sex, 
or economic condition or some similar characteristic. 
Such a .separation is artificial and teinis to ignore the 
real social forces that bind the units forming society. 
The fundamental social unit is the family, which is 
.set up when a man and a woman agree to live 
together and have children, as part of society. In 
the Peckham experiment, an attempt was made to 
organise welfare work covering the entire fainih' 
unit, and extending to the principal problems of 
health welfare as affecting all its members at different 
periods of their lives. A Health centre was estab- 
lished in 1926, ill the Peckham area, providing 
facilities for the normal recreational activities that 
parents, and children- -babies, small boys and girls, 
as well as adolescent.s — normally may be expected 
to take i)art in or seek facilities for, after work or 
school. At the same lime there was an efficient 
health .service, with medical advisers and biologists, 
willing to help at every stage in the growth of the 
family — mating, conception, childbirth, weaning as 
well as early education of the very young. The 
building is so designed that all general activities are 
observable without intrusion. This speciality in 
construction was necessary, not only for the observing 
biologist to do her work without breaking into any 
group, but also for the members to have the feeling 
of being part of an integrated social group. A 
member of a family could see other members of his 
or her unit at play or engaged in other activity, 
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without breaking up his or her own group activity. 
The design of the building was to promote sociability, 
through general visibility. The environment pro- 
vided was to help the members of the family to 
develop through familiar nurture at each step to the 
non-familiar by gradual process of familiarisation in 
a normal social setting. The mcmlxjrs of the family 
were not to develop by themselves, but to move 
together, Ihrougli mutual interaction of their indivi- 
dual changes, and gains, and with the new social 
environment set ui) in the centre by their own 
activity. 

The authors, through their observations at the 
centre have accumulated valuable data regarding 
deficiency in health and vital functions as well as 
defects in social functioning. A series of excellent 
photographs illustrate the different activities and 
aspects of work at the centre. 

'I'he details of the experiment can best be .studied 
at first hand and should be studied by all social wel- 
fare workers. To the scientific student accustomed 
to concise statement of observations, some of the 
chapters will appear to contain unnecessary repeti- 
tions. The biological analogy of social functions is 
also occasionally pressed too far. The family life of 
the working class in Hngland is rightly diagnosed to 
be suffering from social poverty. It is also correct 
that the family as such should be encouraged to take 
initiative in removing its defects. The centre aimed 
at securing this result. It is stated that a centre 
like that organised at Peckham can be sclf-sui)port- 
ing if each family contributes on an average two 
.shillings a week. The initial capital outlay will how- 
ever have to be furnished by a committee or a Trust 
or the State. From the statements regarding family 
life of the members available in the report, it can 
be gathered that the membership is confined to the 
wage earners, whose families have leisure. Their in- 
come is said to range from three pounds and a half 
to five pounds a week. Ninety per cent of the 
families are of wage earners either pcrmaiicnlly 
employed or in regular and good employment. As 
the writers state “it docs not represent any socially 
submerged, or financially impoverished populace”. 
The Peckham centre has therefore furnished oppor- 
tunities of health overhauls as well of making social 
contacts to these families, who had leisure and com- 
fort but did not have opiX)rtunities of using their 
leisure to advantage. Although the writers have laid 
very great stre* s on function and the importance of 
appropriate functional adequacy in different periods 
of. life, the experiment says nothing about the out- 
look on life of the members. Is it enough to give 
people opportunities of making their bodies healthy 
and getting to. know each other like healthy animals ? 
In the social group selected by the writers, wages il 


is said were not lacking, nor capacity, nor good will 
(as the authors put it). Wasnt merely lack of family 
and social opportunity that prevented integration as 
suggested ? Was it not due to the lack of that amount 
of financial as well as organisational strength, which 
could have enabled the members to get together the 
necessary fifty thousand ijouiids to organise the 
centre? Had they this surplus saving for spending 
for their improvement ? Was it not also due to failure 
on the part of the diversely employed two thousand 
families, to realise that they should have and could 
have a common social life ? The family as a social 
unit has existed since tlie beginning of human cul- 
ture. Among the modern primitive tribes, like our 
^lundas and Santals (or it was so also with the early 
Celts and ancient Germans of Europe) the solidarity 
of the family is extended to the village which is often 
an extension of the founders* families, and later 
comes to represent the extension of the family func- 
tions to the community occupying the same territory. 
The sharp division of labour, and dense aggregation 
of population brought about by modern industrial 
conditions has disrupted the earlier pattern. To 
make the units which are no longer kin-groiii»s, 
function again, in the modern changed enviromnent, 
as .seiniautononious parts of a large organism, re- 
(luires that the component units should be conscious 
of a common social purpose, and .should have the 
necessary economic opportunities. We agree with the 
writers that “personal, family and social opportunity 
for knowledge and for action . . . should be the birth 
right of air*. It is regrettable that the War" led U) 
the clo.sing of the cci.trc and the termination of this 
•valuable experiment. 

K, P. C. 


Shakespeare’s History Plays. — By E. M. W. 

Tillyard Litt.D. Chatto & Windus. viii + 33fi PP- 

185. net. 

The Olive and the Sword.— By G. Wilson Knight. 

Oxford University Press. 102 pp. ^s, net. 

As the years roll on, the spate of books on 
Shakespeare shows no sign of diminishing. That, 
indeed, is not something to wonder at. What is 
wonderful is that so much of it should be of such 
excellence. And when Dr Tillyard or Mr Wilson 
Knight are the authors, everything is possible. They 
are old workers in a field from which they have 
always garnered a rich harve.st-— the meticulous 
scholarship of the one is as detectable as the en- 
thusiasm of the other. The two books under review 
have something in common, end here and there touch 
common ground- But both try to reaover the Eliza- 
bethan tradition,— Dr Tillyard by eitiog from con* 
temporary literature covering a wide field, portions 
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of which, at least, were unexplored. Mr Wilson by 
reading between the lines of the text and decipher- 
ing the evidence as reflected in Shakespeare’s use of 
imageries, analogies and words. Where, however, 
Mr Wilson is frankly topical Dr Tillyard aims at 
more permanent and precise valuations. With Mr 
Wilson, he underlines the essential moral background 
against which the Elizabethans saw historical events ; 
and both are at i)ains to point out that “Shake- 
speare’s thinking functions continually in term of 
moral order.’’ But whereas Mr Wilson abstracts and 
generalises, Dr Tillyard delves into the Elizabethan 
heritage of a cosmic background and puts forward 
arguments already familiar to readers of his Eliza- 
heihan World Picture as forming the basis of the 
history plays. Incidentally both refer to the Ulysses 
speech almost from the same standpoint, but Dr 
Tillyard ’s constant cross-references to contemporary 
ideas give a special significance where Mr Wilson is 
breezily discursive. 

It is in his studies of historians like Hall and 
Holinshed as illustrating his thesis regarding the 
existance of a cosmic order which an able King pre- 
serves and an inefficient King disturbs with violent 
consequences, that Dr Tillyard has done the most 
valuable work. It places Shakespeare’s conception 
of history in a new light and connects his plays not 
only with the chronicle plays but with the morality 
plays as well. At the same time it gives to the two 
tetralogies an unity that we had only vaguely appre- 
hended. The patriotic motive is, of course, sufficiently 
underlined by both — by Mr Wilson with a topicality 
that Englishmen will relish. Dr Tillyard’s precise 
scholarship is evident in every page and must over- 
whelm the lay reader into admiring accpiiescence. 

On the interpretation side, it might be possible 
not easy to disagree with Dr Tillyard, The weight 
of authorities cited is all in his favour and in point 
of judgment, his exact knowledge of the age re- 


inforces arguments which would otherwise (as in Mr 
Wilson’s book) have remained stimulating generali- 
.sations at best. As an example, we might refer to the 
rejection of Falstaff by Henry V. The vitality of the 
creation has so deflected judgement and emphasised 
our sympathies that we do not realise the impossi- 
bility of Falstaff as the boon companion of a young 
King who despite all his escapades was never a fool. 
It is in Shakespeare’s defence of Henry V from the 
charge of heartlessness, that the significance of the 
cosmic pattern is understood and the connection 
between the sections on “The Background*’ and 
“Shakespeare’’ is appreciated. The scheme of alter- 
nation between a good King and a bad King has a 
Hegelian symmetry which re-acts on our interpreta- 
tion of each play. 

Ill one respect, Mr Knight goes behind Dr 
Tillyard. He was the first to work out the intimate 
connection betw'cen the cosmic world and the indi- 
vidual man — the peace or disturbance in the one 
being reflected either magnified or caricatured in the 
other, a point which has been more convincingly 
w-orked out in his The Wheel oj Fire. But the pre- 
sent work is much less pretentious anti far more topi- 
cal. The discovery of Hitlerism in the Tamburlaine 
type is more interesting than illuminating and shows 
how Shakespeare bids fair to pass out of the artistic 
.stage into the scriptural where each text becomes the 
theme of a sermon. Yet there is much in the volume 
that is original and revealing. In the light of Dr 
Tillyard’s exposition of the Tudor Myth, the rehabili- 
tation of Henry VUI as a definitely Shakespearean 
play de.serves the closest attention. But we confess 
once again to our inability to appreciate the attempt 
to allegorise and moralise Shakespeare’s plays. 
Further, the imagery motif is being too much over- 
worked and the labour spent is not commensurate 
with the results achieved. 

D.G. 
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[The editors are not responsible for the views expressed in Ike letters,] 


ON THE ASSAY OF ALKALOIDS IN KURCHl 
BISMUTH IODIDE 


PHASIC DEVELOPMENT OF PADDY 


Kurchi bismuth iodide is usually assayed 
according to the British Pliarmacopoeial‘ method of 
assay for emetine and bismuth iodide as modified by 
Evers and vSmilh" and by Karkuii and Guha.® For 
the assay of alkaloids^ the salt is decomposed in 
acetone solution with strong hydrochloric acid, and 
citric acid is added to form a compound with bismuth 
soluble in ammonia. The alkaloids are set free by 
addition of ammonia and arc extracted out with 
chloroform and dried and finally weighed. Karkun 
and Guha mentioned that in some samples the liquid 
after the addition of ammonia remains turbid, pro- 
bably due to resinous impurities, and the presence of 
the precipitate promotes emulsification. This forma- 
tion of emulvSion is rather common with average 
samples, and when emulsification occurs, the extrac- 
tion of alkaloids is hindered, often leading to low 
results in the assay. 

This precipitate is liable to contain bismuth 
hydroxide ; citric acid is added to prevent its forma- 
tion, but the quantity suggested, namely, 0*5 gm. in 
10 c.c. of water for 0 3 gni. of the substance, has 
been found to be insufiicient in most cases. If the 
quantity of citric acid is increased to i g gm. the for- 
mation of bismuth hydroxide can be safely avoided. 

Even after adopting the above change, turbidity 
IS often observed in the ammoniacal liquid. On filtra- 
tion a clear solution is obtained, from which the 
alkaloids can be extracted with chloroform without 
any difficulty. 

In the ammoniacal liquid, the free alkaloids 
exist in the form of a fine suspension, part of wliich 
may be retained on the filter along with the impu- 
rities. Ihis alkaloid can be recovered by extracting 
the filter with several portions of chloroform, until 
all the alkaloid has been removed, and adding this 
chloroform to the main chloroform extract. 

By adopting the above modifications in proce- 
dure, any difficulty due to emulsification can be 
easily avoided, and a uniformity in the re.sults* of 
assay is obtained. 


S. Mukhkrjkk 
B. C. Dutta 

Bengal Iinimuiity Research Eaboratory, 

Baranagar, Calcutta, 

2I-'2-I945. 


* British Pharmacopoeia, 1932 
Evers and Smith, /. Pha^m. Pharmaco 
Karkun and Guha, /. Proc. iust. Chen 
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SSRiES of investigations liave been continued in 
this Institute to study the nature of the phasic deve- 
lopment and the problem of vernalization of certain 
important varieties of paddy grown in Bengal. Recent- 
ly Ririja and Pillay“ * have investigated in this con- 
nection the effect of pre-sowing temperature treatment 
and anaerobiosis on drought resistance, flood re- 
.si.stancc and yield, Sarkar*' ^ has tried to vernalize 
certain varieties of paddy by light treatments and has 
showm that short days accelerate ear-emergence, 
increase growth rate and grain yield. Hedayatullah 
and Sen** have noted the effect of pre-sowing high 
temp, treatment on few aus varieties. The preli- 
minary results in this series on certain aus varieties 
have already been reported®, and certain observations 
on few amon varieties are given below : 

Eight varieties of amon paddy viz,, Bhasamaiiik, 
Eatisail, Patnai, Jhingasail, Chinsura II, Badkalam' 
kati, Nagra and Tilakkacheri were given pre-sowing 
treatment of (a) high temperature (34O— 35OC) for 3, 

7 and 15 days by means of the vernalization appara- 
tus ; (6) cold temperature (6°- 8«^C) for 15 and 30 
days. Further the effects of different post-sowing 
photoperiods of short-day cycles (8 hours light period 
alternating with 16 hours dark period) ; of long days 
cycles (17 hours light period alternating with 7 hours 
dark period) and also different combinations of the 
two. cycles (long days.-==ishort days), at different 
ages of the seedlings on growth, tiller output, initia- 
tion of flowering and yield were noted. 

rile results indicated that pre-sowing temperature 
treatments either warm or cold are of varietal nature. 
Chiusura JI, Badkalamkati and Tilakkacheri respond- 
ed to high temperature treatment and showed an 
carliness of j 8, 13 and 5 days respectively, while the 
otlier varieties showed no appreciable carliness. No 
effect was also seen in the matter of earliness of 
flowering as a result of pre-sowing cold treatment. 
The effect of pre-sowing temperature treatment on 
carliness has been given in Table I. 

The pre-sowing treated seedlings when further 
allowed to grow under controlled cycles of light and 
dark periods, showed an increased vegetative growth 
and tiller output with a significant earliness in ear- 
emergence under conditions of short day lengths. 
The effect of different photoperiodic treatments on 
tiller output has been given in Table 11. 

It was seen from the table II that short day 
lengths induced an increase in idler output than the 
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TABLE I 

l^VVKCT OF PkK-SOWINO TKMP. TRKATMKNX ON INCIDKNCE OF EAR-EMKROENCK AS COMPARED TO CONTROL 

(Mean of 10 plants) 

+ indicates earliness; — indicates delaying effect. 



Control in 
days 



Pre-sowing temp. 

treatment 


Varieties 

Warm 

(34°-35°C) i 

Cold 

(6°-8°C) 



A — 3 days 


B — 7 days ’ C- 

—15 days 

I) — 30 days 

Bliasamatiik 

125 

125 


■ i 

12 s 1 

129 

1 123 

batisail 

Patnai 

120 

120 


121 

122 

1 120 

126 

• — 


126 ' 

123 

125 

Jhingasail 

122 



122 ; 

121 

' 125 

Chin.sura II 

125 

— 


107 

127 

126 

Badkalanikati 

119 

— 


106 

— 

, 

Nagra 

127 

— 


127 

127 

129 

Tilakkacheri 

128 

— 


123 ! 

1 

123 

129 


Karliness or late due to 


A 

B 

C 

D 

Nil 

Nil 

_..4 

+2 

Nil 

1 -1 

-2 

Nil 

— 

1 Nil 

-3 

+ 1 

j 

, Nil 

+ 1 

-3 

— ! 

+ 18 

-2 

-1 

— 1 

+ 13 

— 

— 

— 1 

Nil 

Nil 

-2 

) 

+5 

1 

-1 


TABlvK II 


Treatments 


Control 


Short days ... 


Ivoiig days ... 


Short days (15 days) ) 
Ivong days (15 days) S 


I/ong days (15 days) > 
Short days (15 days) ) 


Post-sowing photoprriodic treatments on thj.rk oureur 
(Mean of 10 plants) 


Age in days 

Bhasanianik 

; Latisail 

1 - 

Patnai 

Jhingasail 

68 

2-5 

! Nil 

Nil 

Nil 

77 

2-5 

1 3*0 

40 

1*0 

89 

11*0 

! 11*5 

4*0 

4*5 

108 

120 

11*5 

4*5 

5*0 

68 

50 

40 

Nil 1 

Nil 

77 

50 1 

; 40 

1*0 1 

1*0 

89 1 

! 160 1 

1 13*0 

50 

5*5 

108 

160 1 

i 130 

6*5 

7-5 

68 { 

i 3-0 I 

t 1-0 

: Nil 

10 

77 

! 80 

30 

! 20 

1*0 

89 

140 

! 11*0 

4-0 

2*0 

108 

140 

11*0 

4*0 

2*0 

68 

30 

Nil 

Nil 

Nil 

77 

3*0 

50 

2*0 

5*0 

89 

160 

13 0 

; 10*0 

13*0 

108 

160 

16*0 

i 11*0 

12*0 

68 

20 

2*0 

! Nil 

1*0 

77 

60 

6*0 

1 2*0 

20 

89 

11*0 

15*0 

5*0 

9*0 

108 

11 0 

15*0 

6*0 

100 


long day conditions in all the varieties as compared 
to the control. It was interesting to note that after 
short days if a period of long days was allowed to 
follow then a further increase in tiller number was 
noted. But when the sequence of the day lengths 
was reversed, to that of long days followed by sliort 
^nys, then a decrease (except in Latisail) in the 
number of tillers resulted. 

The induced effects of these different day lengths 
<^n the time of ear-emergence, showed a significant 
earliness in all the varieties under short day condi- 
tions of while long day conditions delayed the ear- 


emergence. If after short day treatments of 15 days 
an equal period of successive long days was given 
then the induced carliness of the short days remained 
and behaved independently of the following day 
length. Similar behaviour was noted in case of re- 
versed photoperiods of long days first and then 
followed by short days i.e., the induced delayed effect 
brought about by long days persisted even if a period 
of short days followed. If the normal cycle of 
light^=^darkncss be disturbed by introducing a 
period of extended darkness of 72 hours then delay- 
ing effects both in tiller output and ear-emergence 
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resulted. The effects of photopcriodic treatments on Bengal Immunity Co. Ltd. Calcutta, for sanctioning 
the incidence of ear-emergence have been summarised a suitable grant to carry out the above scheme of 
in Tables III and IV. investigations and to Prof. D. M. Bose, the Director 

TABLE III 


I^FFKC'f OF D1FFF.RKNT POST-SOWING PHOtOPKRlODlC CYCl^ES ON THB INCIDENCE OF EAR-EMEKGRNCR 
+ indicates earliness; - indicates delaying effect. 


Varieties 

Age at the 
time of 
treatment 

Control 

Different photoperiodic cycles 

Difference from control due to 

A — Short days 
for 15 days 

B — ^Leng days 
for 15 days 

A 

B 

Bliasamanik 

68 davs 

126-0 

112-8 

127-8 

-fl3-2 

-1-8 

Latisail 

68 

120-8 

105-3 

126 5 

+ 15-5 

-5-7 

Patnai 

76 

125-0 

111-0 

126-5 

+ 14-0 

-1*5 

Jhingasail ... 

76 „ 

124-5 

112-5 

127-7 

+ 12-0 

-3-2 

Chinsura II 

89 „ 

121-3 

112-7 

118-7 

+8-6 

-2-6 

Badkalamkati 

89 „ 

ro-o 

1060 

115-2 

+ 13-0 

-3-8 

Nagra 

89 

127-5 

121-5 

133-0 

+6-0 

-5-5 

Tilakkacheri 

89 .. 

126-5 

1 120-0 

i 

134-0 

+6-5 

-7-5 


TABLE IV 


EKFRCT of PaST-SOWING PHOTOPERIODIC CYCWS ON THK INCIDENCE OF EAR-KMKRCKNCK 
+ indicates earliness; — indicates delaying effect. 


Varieties 

Age at the 
time of 
treatment 

Control 

Different photoperiodic cycles j 

1 Difference from control in 

C— Short days 
(15 days) 
I^>ng days 
(15 days) 

D — ^Long days 
(15 days) 
Short days 
(15 days) 

K-Normal days 
(3 days) 
alternating 

72 hn dark 
(15 days) 

C 

D 

K 

Bhasamanik ... 

68 days 

126-0 

114 0 

124-8 

1310 

+ 12-0 

+ 1-2 

-5-0 

Latisail 

68 „ 

120-8 

112-5 

125-2 

128-0 

+8-3 

-4-4 

-7-2 

Patnai 

76 

125-0 

118-2 

126-7 

136-0 

+6-8 

-1-7 

-11-0 

Jhingasail 

1 

76 „ 

124-5 

120-0 

131-0 

134-0 

+4-5 

-6-5 

-9-5 


The above results cleady indicated that (a) to 
pass the photostage of paddy short days are essential, 

(b) long days at photostage delayed the earing, 

(c) when once the photostage was passed under short 
day conditions even successive long days showed no 
delayed effect, (d) delaying effect induced by long 
days at photostage was not recovered by successive 
short days, (e) periods longer than 24 hours cycle 
showed delaying effect. Further work on the definite 
range and duration of photostage and the variations 
m the light and dark periods, essential for inducing 
earliness, are in progress and the detailed results 
would be published elsewhere. 

We are thankful to the management of the 


of the Bose Institute for his encouragement and in- 
terest in the work. 

B. K. K\r 

^ A. K. Adhikari 

Bose Research Institute, 

Calcutta, 7-3-1945- 

‘ Pariia, P., Cut. Sci., 3, 89, 1943. 

• Parija, P. and Pillav, K. P., Cur. Sci., 13, 183, 1944. 
*Sarkar, S. M., Nature, 153, 378, 1944. 

^Sarkar, S. M. and Parija, B., Proc. Iiid. Sc. Con., 

• Hedayatullah, S. and Scsi, N. K.. Science and CvitvvSf 

3 ^ 1943. 

• Kar, B. K., Proc. Ind. Sc. Cong., 1945. 
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BAND INTENSITY DISTRIBUTION IN RELATION TO 
COMPLEXITY OF SUBSTANCES 

Tawde and Trivedi^ have reported some results 
on the problem of vibration temperature in relation 
to rotation temperature in band spectra. They adopt 
a method in which gross intensity distribution is 
measured along band systems of two different mole- 
cules, viz., CN and AlO excited and observed siiiuil- 
laneously in the same excitation source. This led 
the authors to undertake a similar problem, but 
bearing on other aspects. We undertook investiga- 
tions on the same band system arising out of subs- 
tances of chemically different compositions in the 
same excitation source, a problem somewhat analo- 
gous to that of lyOchte-Holtgreveii'* on Q and CH 
bands. The nature of the investigation is entirely 
different from the work of Johnson and Tawde"* who 
examined the Cj (Swan) system under varied exci- 
tation conditions. 

*Carbon arc in air was selected as the source of 
excitation because of the existence of temperature 
c<iuilibrium in it, as established by various experi- 
ment by independent methods. The arc was fed in 
its lower carbon anode with (a) powdered oxide of 
aluminium (AI2O3) and (h) metallic aluminium in the 
form of filings to give the band system of AlO 
(B“2 S — The observations were extended to 
P/cO (*2 — bands obtained respectively from 
substances, beryllium oxide (HeO) and metallic 
beryllium powder. The arc conditions were kei>t 
strictly constant in all the four cases. 

Intensity measurements were made by the well- 
known methods of photograjdiic pliotometry used by 
Johnson and Tawde, Tawde and Desai'* and others. 
On the assumption of the Boltzmann distribution of 
vibrational energy, effective temperatures were cal- 
culated for each of the four cases mentioned above. 
The values are given below : 



Effective leiiiperalnre 

Hand system 

Oxide substance, 

T. 

Metallic sub.stance, 

Tm 

-MO (B*2-^x*5) .. 

2870° K 

3525° K 

BeO CS-^'S) 

3330° K 

4590° K 


The above results show a marked difference of 
about 1000® between the temperatures derived from 
the oxide and metallic substances in the same arc. 
The absolute value Tn, for AlO system 3525°^^ 
agrees quite well with Tawde and Trivedi’s result 
34So’°K. The ratio Tm /To for both the systems 
comes out to be nearly the aame /.<?., f 6 x BeO 
rs? for AlO, 


The different temperatures derived for the same 
band system may x^robably be attributed to the parti- 
cular chemical composition of the substance giving 
rise to the system. It should happen that the 
substance, before excitation of the particular band 
system concerned, passes through various thermal 
processes induced by the energy of the arc. These 
energies must evidently differ for metallic substance 
and its given oxide. They should, under constant 
arc conditions, be prox)ortional to the temperatures 
coiiqaited from the band spectra. Under certain 
limitations and with available knowledge of the 
constants of the substances used, we have found that 
the agreement is good. 

If radial temperature slope is, as shown by Tawde 
and Trivedi assumed to exist within the arc, the 
different substances according to tlieir chemical com- 
position and binding are removed to that region of 
the arc where they get approi)riate energy for the 
formation of the molecule and stable excitation of 
the system. The computed temperature then cor- 
responds to that region. Actually, it was noticed in 
every case that different zones of the arc had to be 
focussed to record the systems, which is an evidence 
for the above view. For instance, in the case of 
AlO system arising from oxide substance, it was the 
outermost fringe (flame portion of the arc) that was 
identified as rich in these bands. For this, we .should 
expect to get the lowest temperature as has been 
found here. 

The observations, therefore, prove that in spite 
of band system remaining the same and excitation 
.source remaining the .same, the intensity distribution 
is a function of the complexity of the substance 
which breaks up or oxidises to form the given radical. 

The details of the results and other aspects which 
remain to be discussed will be published elsewhere 
in a full paper. 

N. R. Tawdk, 

A. G. HUvSAin. 

Physics Laboratories, 

Royal Institute of Science, 

Bombay, 22-3-1945. 

^Nattire, 140, 463, 1937; Proc. Phys. Soc., 51, 733, 1939. 
•Zeit. /. Phys., 64, 443, 1930 ; 67, 590, 1931. 

*Proc. Roy. Soc. A, 137 , 575, 1932. 

*Proc. Jnd. Acad. Set., 6, 266, 19.37. 


REPRODUCTION OF A GIVEN TIDE BY THE 
PNEUMATIC TIDE-GENERATOR 

In a previous communication’ the general prin- 
ciple of the pneumatic tide-generator was described. 
The widths of the feed- and exhaust cock openings 

^ -Li. u dh . dh . 

at any instant were given by y = ^ where— is 

Qt at 

the rate of tidal rise or fall of water level at that 



510 


SCIENCE AND CULTURE • 


Vol. X, No. 11 


instant^ and m the constant of proportionality. The 
value of m is however different for feed and for ex- 
haust, and to avoid confusion we may put 

at 

for the instantaneous width of the 'exhaust* opening. 
Tlie derivation of the formulas assume that the feed 
or exhaust of air takes place under a constant pressure 
across the tidal cock. 

The tidal generator was employed to rq^roduce 
a i»articular tide in a small pilot model of the Kulti- 
gong river. Both the feed and the exhaust slots were 
figured according to the above formula. The experi- 
ment was performed with feed pressure of air at 
27 cm. of mercury ( = 5 Ib./sq. in.) and the rising 
part of the tidal curve (fig. 2) was satisfactorily 
reproduced without retouching the cock figure or 


chamber and open tidal section. Evidently enough, 
as the ebb proceeded the head diminished so that 
the exhaust of air was rendered slower than desired. 
This necessitated the adjustment (opening out) of a 
trimmer cock, indicated by the setting (iv) : the 
general settings of the experiment being as follows : 

(i) Normal filling of water, when both 

sections have the .same level, at -0*16 ft. 

(ii) Feed pressure of air during flow tide, kepi 

steady at 27 cm. of mercury (or 5 Ib./sq. 
in.). 

(Hi) Tidal cycle 2 min. 55 sec. 

(iv) Auxiliary trimmer cock during exhaust 
at ebb stages : At 14 hr. opened at dial 
mark 4, and at t6 hr. opened further 
at mark 2. 


adjustment of the regulating cocks (trimmers). The 
maximum change of pre.ssure in the imeumatic 
chamber caused by the displacement of water was 
nearly 30 cm. of water head or only about 8 per cent 
of the feed pressure. 

Owing to certain considerations the exhaust 
nozzle of the pneumatic tidal cock was not connected 
to any stabilised vacuum of the similar order although 
the above formula was employed on the assumption 


Tlie rq^roduction of the tide is shown in fig. 
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1*1C. 2. Reproduction uf a tide by the puneumatic control. 
The curve with circles is experimental. 

As noted before, the exhaust .should, for certain 
reasons, better released in atmosphere than con- 
nected to the suction line of the edmpressor. Under 
such condition the width of the exhaust slot should 
I dh 

be modified to 2=— w - where p is the water 
p (it 

head at any instant for which the rate of ebb is 
noted. 

Details will be published elsewhere. 

My thanks are due to Prof. M. N. Saha, D.Sc., 
h.R.S., and Dr N. K. Bose, Ph.D. for taking keen 
interest during the progress of the work. 


Fig. 1. Downstream end of the pilot model of the 
Kultigong river (tidal), with control board, etc. 

of ■ stabilised exhaust. The exliaust was, in the 
experiment, kept open to atmosphere and the ebb 
took place under the pressure of its own head, i.e., 
the difference of level of water in the pneumatic 
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THE GAME WITH HUMAN LIVES 

*^\Voc bclidc the land, to ravenous ivolves a prey, 

W here millionaires flourish, and millions decay'\ 


tragedy that Bengal witnessed in 1043 was 

un parallelled in history both in intensity 
{iiid character. The famine has not only taken a huge 
toll of human life but has left appalling wreckage. 
The lo.ss in life has been larger (one and a half 
millions according to the report, but three and a 
half millions according to non-olTicial estimates) tliaii 
that occasioned in these six years of war in the I'. K. 
and U. vS. A. 

India is mainly an agricultural country ; is it not 
an irony of the first magnitmle that this agricultural 
land where 70 per cent of 400 millions is engaged in 
lood jnoduction should so frecjueiitly lie a victim of 
faniines? The climax of the tragedy is all the more 
lieiglitcncd when it occurs in Bengal often called the 
‘granary of India*. What is most agonizing that this 
famine did not come as an entirely unexpected 
avalanche ; its incidence was forecast by the jniblic 
long before the C'lovernments of Bengal and India 
could be made to agree to its occurrence altliough the 
Bistrict Officers had been warning the Government 
against the impending catastrophe. With bold and 
resolute action, it could have been i)reveiitcd ; at least 
its effect would not have been so disastrous. 

A post-niortcin cxaniiiiation has now been carried 
out oil the Bengal famine of TQ 43 . The Famine 
iMUjuiry Commission set up hy the Central Govern- 
incnt, with Sir John Woodhead (late of I.C.vS.) as 
k'liairman,* has now released a report in which the 
•situation prevailing before and during the famine has 
hecn analyzed. It is note-w'orthy that most of the 

* The other members of the Comniission were— (1) Sir 
Jiaiiilal B. Nanavati, M.A., B.L., (2) Dr M. Afzal Hussain. 
\ > (3) Mr vS. V. Ramamurty, I.C.S., (4) Dr W. R. 

*^**^^'* ^opalswami, I.C.S. (vSecre- 


charges of maladministration brought against the 
Bengal Government by the public during the famine, 
and which were often stoutly refuted by the authori- 
ties, are very largely substantiated in this report. 
Broadly speaking, the findings of the Commission 
are : 

I. That the incidence of the famine was not 
sudden, the signs of the catastroiihe were api)arent 
several months before its actual occurrence. 

II. That although shortage of food su[)ply and 
fall of Burma created conditions for its occurrence, 
its incidence was mainly due to (i) the sudden in- 
crease in the i)rice of food materials, (2) the terribly 
low purchasing power of the peoi)le, (3) the con- 
fusion in the policy of the Government regarding 
control of prices and procurement of food grains 
through Government agents, (4) the i>anic in the 
adj»)ining areas after the fall of Burma, (5) the weak 
and vacillating policy of the Government to control 
hoarding and increase of prices, (6) the maldistribu- 
tion of available •‘supply, (7) unfortunate Government 
proi)aganda against tlic incidence of famine when 
thousands were dying daily, (8) Governiiient*s failure 
to make an early declaration of famine and conse- 
(picntly delay in the adoption of relief measures, 
(y) unrestricted free trade, (ro) export of rice from 
Bengal to other areas, (11) heavy purchases by the 
Army, huge stocks accumulated by ind\istrial and 
Government employers, (12) destruction and loss of 
coastal boats, (13) lukewarm and complacent attitude 
of the Government of India and His Majesty’s 
Government, (14) hoarding and greed for money even 
at the expense of human lives, and above all due to 
lack of enlisting public support and loss of public 
confidence in the capacity of the Bengal Government 




512 


SCIKNCE AND CUI.TURE 


Vol. X, No. 12 


lo take effective measures evxMi under the most acute 
conditions. 

RKroRT ()!• Famine Commission 

The last one completely shattered the morale of 
the poi)ulatioii and created utterly chaotic conditions 
and feeliuRS of exlreinc individualism. In similar 
circumstances, other provinces and States similarly 
situated with reiiard to food conditions, by taking 
timely and effective steps, acquitted themselves much 
better*' and saved an All-India catastrophe. The 
report t says : 

“A hre.'ikflowii in distrihiilion could be fiverlcil only by 
an intervcnlion of Government, which would have the effect 
of restfirinp: piddic confidence and <»f deinonslralinj^ to pr<»- 
(luccrs and traders the dctenninalion and the ability of 
Cfoverninent to prevent a further ri.se in prices, and <jf 
assurin.e: trader.s and consumers that the How of supplies 
would be maintained.'* 

“The rise of prices, which we hold to be the second 
basic cause of the famine, was something more than the 
nutnrul result of the shorta.t:c <if supi)ly which had <iccurrcd. 
It was the result of the belief of the producers, traders, and 
consumers in Uen^jal at the end of 1942 and the beginning 
of 1942 that an ever-increasing rise in t)riccs was ii\evitable 
and could not be prevented. 'Phis belief had been created, 
not only by the failure of the aman crop but by the entire 
course of events during 1942.” 

“In these circumstances, an attempt to c<Jiitr<»l prices 
by the prescription of statutory maxima aggravated the 
situation by driving stocks under-ground. The subsequent 
decisitm not to enforee the Order, while alleviating the 
dilFiculties which the flrder created, advertised the inability 
of (iovernment to control the markets.” 

“The failure of price control had ( auscd a loss of con- 
fidence in the ability of Government to eontrol the markets, 
and it was important that (lovernmeiit should «lemoiistrate 
witlioul <lel.'iy their di*termiiialioii to prevent a further rise 
in price, and to assure traders and eoiisuimrs that the flow 
of supplies would he maintained.” 

“The events of 1912 had shown how nceessarv it was 
for the Ileiigal (iovcrmiieiit to secure control of supplies. 
In these cirrumstanees, we think that the wise eour.‘>e would 
liave been for (Government to have, recognized that it v as 
inadvisable to wait for a decision wliether the control of 
rice .should he central, provincial or regional responsibility, 
and that the. proper course was to establish as ciuickly as 
their own proeurement machinery.** ^ 

pKOKlTEJvRS M.MvIi TnOirSANO RciM-I S l•^>R O.NK bllO- | 

“It has been reckoned that the. amount c»f tiiiu.sunl 
profits made on the buying and selling of rice during 1943, 

* 111 Jleiigal, the food shortage is estimated by the Com- 
mission at only 15 per cent. In Cochin and Travaiicore, the 
food shortage aiiiouiitod to about 40 per cent., yet in these 
Indian States, not many people are known to have ilied 
of starvation because .strict and effective measures were 
taken in time, and the Alaharajah and Dewan shared priva- 
tion with the coiiimoii people. What a contrast to the 
conditions in Hcngal (a British Indian Province) where the 
(Govcrniiitmt olVicials were ileiiying the exiNtence of famines, 
and having their 1 ixurious dinners and lunches, w’heii 
people were dying of starvation in the street.s of C^cutta I 

t Report on Bengal, i'aniine Enquirv Commission, 1945, 
pp. 80-~107. 


was 150 crores.* Wc cannot vouch for the accuracy of this 
figure, but beyond question huge profits ivere made. Very 
naturally, in the circumstances, there was great indignation 
against “profiteers, speculators, and hoarders*’, to whose 
greed the famine was ascribed; while equally naturally the 
Oovernnient were blamed for their failure to deal drasti- 
cally with such enemies of society. Popular views about 
large profiteers who speculated and hoarded amid growing 
tli.strc.ss, and the inability of Govcrninent to control them, 
were indeed not without foundation. There w'ere such pro- 
fiteers, hut they were not the only culprits.” 

“We have shown that by the end of 1942 all the signals 
were set at danger and that great efforts w'ere needed lf> 
avoid catastrophe. Wc do not, however, wish to imi)ly 
that famine, in the form in which it finally appeared, had 
become inevitable. The lack of political unity was a handi- 
cap, but the possibility of effective leadership of the peopU-, 
and effective action stimulated by such Icadershit), had hv ut, 
means disaj^peared. It may he that when this stage was 
reached, «listress and starvation, in some degree, could not 
have been entirely averted. But opportunitii^s for mitigat- 
ing the famine and its lethal results still remained oixii.” 

“We have been told that ('foveniment advised people 
that there was no shortage at a time when everyhiid\ 
knew that there was a shortage, and that this increased 
the prevailing lack of confidence.*’ 

“Conditions actually prevailing in Bengal at the linn* 
were far loo serious for anyone to believe anything of the 
kind. We eonsider that this propagamla of surficieiiey wa*. 
c|uite ill-advised. We think that it wouhl have been wisi r 
to have told the people the truth, that is, that there wfi^ 
a .shortage, and that although it was hopi‘d to obtain suj)plies 
from other provinces it was essential, if famine was to he 
averted, that everybody who had stocks should tlispoM! of 
lliem without waiting for higher prices. U was considercl 
at the time that it was inadvisable to alarm the public )»> 
referring lo the iiossibility of famine, and that was iin 
desirable that tlie enemy in Burma shouhl be ac()uaiiited with 
tlie serious position in regard to food su]>plies in Beiig.il. 
We are nf>l imprcsseil by these arguments. The f'mcrgein \ 
w'as .such -famine starte«l in t'hittagcmg by the hegimiiiu’. 
of June — that it ('ould not be hidden, and in the cireniu 
.staiice.s it w'as essential the peijple shouhl be tnilhfidl* 

iiifiirnied nlx^ut the real position.” 

“The remarkable feature of the Bengal famine was th.n 
the ri.se ill the price of rice was one of tin* principal e.m .es 
of the famine. This, as far as we are aware, make-, it 
unique in the hi.storv of famine in India. 'I'he great majo- 
rity of Imiian famines have been caused by drruight and 
widespread failure of crops over wide areas. I'loocl^, had, 
and cyclones have on rare occasions produced the sanu‘ 
effect.” 

“One of the rea.soiis why the arrangeinciits made hv 
the (government of Bengal to deal with Iran.sport and other 
problems arising during the famine were nnsati.sfaclor\ 


*'* The details of this gruesome calculfilioii are as follows : 

Normally, alxuit 4-5 million tons of rice and paddy in 
terms of rice pass through the markets and arc bought 
by coiisuiiicrs in the course of the year. At least 5/6th of 
this quantity, or 3-75 niillioii tons, iiiu.st have been bought 
iluring 1943. Judging from the differences in the prins 
which prevailed during 1942, and those which prevailed 
during 1943, as well as the available stati.stics about prices 
which actually were paid during 1943, the average differeiur 
was not less than Hs. 15 per mauud or Rs. 400 per ton n> 
round figures. Hence the figure of Rs. 150 crores as the 
excess price charged for 3-75 million tons during 1943. 'Inu*; 
every death in the famine was balanced by roughly a 
thousand rupees of exces.s profit. 
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was that they failed to realize the niagiiitiidc of these 
problems and the scale of the orKanization required for 
their successful solution. Associated with lids was a rehu- 
tance to appeal for outside help ev<Mi when the orj^ani/alion 
atul personnel available within the province were obviously 
inadequate. We feel that this altitude was particularly 
unfortunate in the circumsUnccs.” 

“If the interests of the rural population had been kept 
niorc prominently in mind, the mistaken policies of 
•‘de-control*’ and “unrestricted free trade, the telaxation of 
the l'oodj>frains Control Order and other policies which 
encouraged profiteering and hoarding would not have been 
adopted.” 

“The failure of the aman crop at the end of HM2, in 
minbinatioii with the whole existing set of circumstances, 
made it incvitsihle that, in the. abesnee of control, the price 
of rice would rise to a level at which the poor would be 
unable to obtain their needs. It was necessary for the 
lU'iigal Government to undertake measures for controlling 
supplii's and ensuring their distribution at prices at which 
tlie ptK)r could afford to buy their reipiirements. It was 
alsn necessary for the (iovernincnt of Iiulia to establish a 
system of planned movement of supplies from surplus tti 

deficit provinces and Slates This rise in prices was 

ilje second basic cause of the famine. 1‘amine, in the form 
ill which it oci-urred, could have been jirevenlcd by resolute 
uclioii at the right time to ensure the equitable distribution 

nl .'ivailable sup])lies ” 

“Hut after considering all the circumsl.'inces wc cannot 
a\oid the conclusion that it lay in the power of the Chivcrn- 
meiit of Hengal, by bold, resolute and well-conceived 
iiieasurcs at the right time to have largely prevented the 
liiigedy of the famine as it actually toiik jilacc. While 
oilier Governments in India were admittedly faced with a 
iiincli less .serious situation than the (Government of Bengal, 
lilt ir generally successful handling of the food problem, aiul 
ilu* spirit in which those, problems were fipproachetl, aiul 
ilie extent to which public co-operation was securetl .stand 

ill eoiiirast to the failure in Hengal ” 

“I{normous jirofits were made out of the c.daniity, aiul 
in ihe circumslances, profits for some meant death ftir 
Olliers. A large part of the community lived in plenty while 
otliers starved, and there was niiich indifference in face of 
''Ulteiiiig. Gorniption was witlcsjiread llirouglioul the pni- 
vmce and in many classes of society.” 

“It has been for us a sad ta.sk to inquire into the 
ftmrse and causes of the Bengal famine. We liave been 
li.umted by a tleep sense of tragedy. A million and a half 
of the poor of Bengal fell victim to circumstances for 
wliieli they themselves w’cre not responsible. Society, toge- 
ther with its organs, failed to protec-t its weaker members. 
Indeed there was a moral and .social breakdown, as well 
•'111 administrative breakdown.” 

'i'licsc obscrvatioiLS of the Coiiiiiiiltee confirm in 
^hlail and with fresh figures the analysis which had 
been made in the public press at the lime of the 
famine and in the columns of this journal. The 
*^port makes it clear that it was a man-made famine 
that it was preventible. 

No Forhign Aid Alu>wei> 

is unfortunate that the Bengal Government 
from the beginning insisted that the .shortage 
”1 tile supply of rice did not exist and, therefore, 
I hi not make strenuous attempts either to get rice or 
'hiy alternative foodstuff from the surplus areas, or to 


import wheat from Australia into India which at one 
lime Mr Seely, the Australian Minister of Agricul- 
liire, said was lying in the Brisben port to the extent 
of about iJ.j million bushels to be shipped to India 
if only llis Majesty’s Ciovernniciit would relea.se 
shiiipiiig for the purpose. It will be recalled that at 
that lime Mr Amery jileaded lack of shipping. The 
hollowness of this pleading would be clear when it is 
considered that Britain always managed to have 
enough sliipi>iiig to get siijqdies for her.self so that 
during the war Britain has been fed at a high level of 
nutrition and not a single individual died of starva- 
tion. Ivven when famine was raging in Bengal, ships 
could be found for feeding the occupied countries in 
luirojie jiarticularly German occupied Greece, but 
the coinilry which was spilling her blood to 
liberate Jmrope was Jillowed to starve. What an 
eipiitable Irealinent indeed ! It is ol)vioiis that if no 
shortage in supply is admitted the cause for the 
disaster must be sought elsewhere. The Government 
Till the time insisted that hoarding by individuals was 
the main cause of this apparent scarcity and, there- 
fore, they did not feel any parlicnilar responsibility 
regarding the urgency of imi»oiTalioii of food from 
abroad. But who else except the Government could 
slop this hoarding'^? Ji is clear that if .ships carry- 
ing food from abroad had come in early June or July 
of ig43, hundreds of thousands of lives could have 
beem saved. 

'I'his journal had considered the food situation 
both before and during the famine, had analyzed 
the causes which were leading to the famine and 
suggested concrete remedies insisting on the question 
of importalioii of food.f 'riie commission has not 
discussed the lack of subsidy to the food growers 
from the public exchequer which could have con- 
siderably stimiilaled food production and also helped 
the* control of prices, which otherwise, it is wedl- 
known, cannot be effected merely by governmental 
decrees. 

Food Mk.\vSURKs in Ivnoiand 

The report has made one very serious omi.s.sion 
in that it has not described what drastic steps 
were taken and what organisations were set up in 
other independent countries and iiarticularly in the 
homeland of our trustees. 

Why indeed has Bengal suffered from a famine of 
this nature while the United Kingdom which produces 
considerably less fcjod per head of the population has 
been comparatively very well fed ? England had need 

• In .some of the wor.st affected areas of Dacca, even the 
black market did not exist, for there was no hoarded food 
to lie placed in the black market. 

t ‘The Cri.sis in H'ood’ by H. C. Guha ; vScik.nck 
.\Nl) CukTCRK, Vol. 8, 403. 
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for far more shipping space to import food than India 
relative to the population. What were the policies, 
scientific, technological, nutritional and administra- 
tive, w hich have not allowed the prices of staple food 
stuiTs in Kngland including cereals, bread, milk, 
cheese, butter and meat, to go beyond 25 i)er cent 
above the pre-war price level ? Even now in Imgland 
potatoes sell at barely annas a seer, whereas in 
liardly any city in India it has sold for less than 8 
annas for a long time, and this in si)ite of the fact 
that the average income of an Indian is only a frac- 
tion of that of a Britisher. Even in such a wealthy 
country as the U. S. A., where the minimum wage 
is of the order of Ks. 450/- per month the price of 
potatoes is roughly 4 annas a seer. Why is it that 
black markets have flourished far less in the United 
Kingdom than here? These are all questions which, 
if they had been discussed in relation to the admini- 
slrative measures taken in India, would have throwm 
a more i)enetrating light on the situation that jn'c- 
vails in this country and on the methods that the 
( lovernmeiit in this country must adopt to meet the 
conditions in India. 

I'he methods adopted in the U. K. as sotm as 
the war broke out, to control the food situation in 
Ibigland were briefly as follow’s : — 

First of all, the Government established a 
Scientific Division of the Ministry of Food to advise 
it on all scientific and technical questions relating to 
food. This scientific division calculated the needs of 
the people of the United Kingdom in terms of 
different food-stuffs according to the internationally 
accepted nutritional standards. Then the production 
of food-stuiTs in Britain during pre-war period was 
compared with the requirements for optimum nutri- 
tion. The deficit was sought to be met (i) by in- 
creased production in Britain and (2) by importation. 
It was decided that internal production should be 
largely forced up for more energy-giving food-stuffs, 
namely cereals and potatoes, as these were bulky 
food-stiiffs and required rather large shipi)ing space 
for imiiortatioii. Kegarding imports it w'as decided 
that the so-called protective food-stuffs like eggs juid 
milk in the dehydrated condition, and orange juice, 
liver oil concentrate etc. should be imported, as this 
class of foodstuffs providing the proteins and 
vitamins, was required in relatively .smaller quanti- 
ties than the cereals and potatoes. In other words, 
both home production and importation were entirely 
under scientific advice and the importation of such 
foodstuffs as bananas w^hich were relatively less im- 
portant than oiange juice from the standpoint of 
vitamins W'as severely restricted. 

Secondly, to encourage home production very 
large subsidies of over two hundred crores of 
rupees were given *^0 the producers of food 


of all kinds including meat and milk in order 
(a) to encourage production and (b) to prevent 
the undue rise of prices of these primary comiinj- 
dities. The Government had a policy of systematic 
importation of foodstuffs in order to keci) wp sufficient 
reserves in the country. This situation regarding 
both subsidy and importation may be contrasted with 
ours. The great expaiLsion of agriculture in the U. K. 
during the war w^as possible partly because of 
the scientific planning and guidance but mainly of i lie- 
large direct subsidy from the vState to the food- 
grow’crs. This was a major factor for the .stabili.su- 
tion of food-prices in the U. K. but this was never 
attem[)ted in this country. The result was a 
far greater economic loss due to the famine, apart 
from the loss of life, than any possible loss due In 
subsidy. 

Thirdly, the Ooveriinieiit organised the feed- 
ding of the people on scientific lines not merel\ 
by rationing but by organising what are called ‘Uil 
B ritish Restaurants* where cliea]) balanced meal.s were 
provided to the people. These restaurants are rmi 
by the County Council Organisations under the 
supervision of the Ministry of Food. Free milk was 
distributed to about a million children and oilier 
children also received very cheap milk. Chililreii as 
well as expectant and nursing mothers were given 
special doses of orange juice and shark liver oil I’on- 
centra te and wdiere women could not tolerate llie 
shark liver oil concentrate special capsules coiitniii- 
iiig vitamins A and D were provided. To ensure Unit 
the entire population could get as much of tlie 
vitamins of the B-group as possible, 80 per cent, 
extraction of flour from wheat was enforced b\' law 
This increased considerably the quantities of thiannii, 
riboflavin and pyridoxin in the flour. Tliis was 
enriched by incorporation of o’ 16 per cent of calcium 
carbonate to supply calcium which is nutritionally 
very valuable. It is no wonder that according to 8ii 
Jack Drummond, the chief Scientific Adviser to tlie 
Ministry of Food, the poorer population of (oval 
Britain is belter fed today than before the war. It 
is reported that the average stature of young hu\^ 
and girls has also definitely increased compared w'itl> 
pre-war figures. The overall situation of Engktti‘^ 
today is, therefore, that although the food is sunic- 
w’hat more monotonous than before the w^ar, the fotnl 
provided to the general population is adequate willi 
regard to optimum nutritional standards. 

Who is rksponsibi^e for the Famine? 

Break down of Trusteeship Government 

The advocates of trusteeship policy will 
the responsibility on the Bengal Government. 
Members of the Bengal Mitristry will probably li^ 
that although they were given the charge of admin i' 
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stration, it had to be carried through officials over 
whom they had practically no control. Moreover, 
transport and control of food inovenients was not a 
provincial subject, and the tragedy, after it had 
occurred, could not be staved largely due to the failure 
of transport system in the affected areas. In this 
confusion of practically no man’s responsibility, we 
feel the main cause of the tragetly is to l^e found 
in the trusteeship system imposed on India. We do 
not hear of such famines in autonomous countries 
and do not think that the Hritisli (Government 
could stay in office even a minute if a single man 
died of starvation in Kngland. Millions died in 
this unfortunate land under trust, and what to say 
of (Governments, even a i^etty officer could not be 
hauled up. So long as one country will remain sub- 
ordinate to another, such catastropliies are likely to 
be repeated and the earlier this eiuls the better for 
the dependent countries and for the entire world. 
The fair name of Britain and her justification for 
the continuance of trusteeship sy.stem in India 
demand that those responsible for this famine, high 
or low, official or non-official, should be brought to 
trial and should l.)e punished, if found guilty. 

Long Ra.ngk Mkasitkks 

But simply calling it a man made famine, appor- 
tioning the blame, and punishing the criminals will 
not solve the eternal problem facing the millions 
of this vast country. There have been famines in 
the past, and although the incidence of full-fledged 
famines may now have been not so frequent, the 
situation as a whole has not altogether been satis- 
factory. In fact, India has always been on the border 
of famine and India’.s malnutrition is proverbial. 
Mere public philanthroi)hy, (Government relief 
measures, famine commissions, voluminous reports 
and soothing words will not fill the stomachs of 
starving millions. 

After Effects 

Although the first onslaught of the famine is 
over, it lias inflicted a deep wound on the entire 
population and its after-effects, like the effect of a 
fresh cut, are becoming increasingly manifest every 
day. It is not very far from truth to say that it has 
with one stroke paralyzed the nation for at least 
tNvo generations. The famine is continuing to this 
day in a less acute form and millions of peojilc are 
receiving food which is both quantitatively and quali- 
tatively deficient. There is an all round premature 
•'iReiiig of the population. The effect on the health 
of the younger generation which will form the future 
nation has been particularly disastrous, as it is known 
that some of the nutritional deficiencies occurring 
during the period of adolescence can never be made 


good by giving a complete diet after the attainment of 
maturity. Even now protective foodstuffs, particu- 
larly milk, are not available to what arc called the 
vulnerable groups of the population, namely the 
children and expectant and nursing mothers. 

Poverty — the Main Cause 

It is of course well-known that ever since the 
foreign domination never have the people of India en- 
joyed diets providing sufficient nutrition. The poverty 
to which the vast masses of the i»opuIation of India 
have been reduced to is indicated by the fact that the 
average annual income per heail has l)een computed 
to be of the order of Rs. 05. Even this average is 
rather high by inclusion in its calculation the income 
of rich people. The average income of the common 
masses of India is .still lower. It has been shown by 
Sir John ( )rr in England as well as by investigators 
in this country that the nutritional level of the 
peo])le tends to run pari pasu with the income level. 
Recent investigations have shown that by accej>ted 
nutritional standards more than half the population 
of the rnited Kingdom and the United vStates of 
America are not at an optimum nutritional level. 
Wlierg stands India then 1 

There is something inherently wrong with the 
entire sy.stem in India ; though an agricultural 
country, the Inagedy is that she cannot even pro- 
duce food sufficient for her poi)Ulalion. With 
a population of about 400 millions, India, 
according to the report, produces about 45 
million tons of chief cereals— rice, wheat, jowar, 
bajra, etc., i.c. about 3 maunds per head per antuim, 
10 seers per month or about 5 chattaklis (10 0/..) 
per day. This ten ounces cannot even physically fill 
the stomachic cavity of a human being. The pro- 
duction of fruits, milk and other nutritious products 
i.s extremely low and they are not within the reach 
of more than 10 per cent of the population. There 
is a large number of people who may not have 
tasted milk other than that of their mother. In 
other countries such as the vS. A., the U.S.vS.R. 
the average food pnxluction both from land and 
animals in quantity and quality is much higher. The 
Indian .soils have been continuously starving for 
proper manures and an energetic drive for the appli- 
cation of artificial manures has been the most pressing 
need. 

W’ith the decay of handcraft in the country, 
thanks to Trusteeship Rule the percentage of popu- 
lation depending on agriculture has been continuously 
increasing thereby reducing the income and conse- 
quently the purchasing power and standard of living. 
The Famine Commission of 18S0 had made a clear 
reference to this effect. In spite of there being agri- 
cultural departments both in the Provinces and at the 
Centre, the yield of crops has not increased materially. 
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In other advanced countries, the population on agri- 
cultural i)rofessi()n forms a minor part whereas in 
India about eighty per cent of the population works 
and lives on agricultural income which, in view of 
the inefficient methods of production, is very low. 
The balance of agricultural economy is hopelessly 
unstable. The methods of food production and of 
manuring the soils are primitive. 

There is another unfortunate aspect from which 
India suffers and tluit is the confusion amongst our 
leaders regarding industrialization of this country 
and the application of scientific methods. The 
hollowness of si.xteenth century philosophy of back . 
to the land and to the bullock carl which is an 
obsession with some of our leaders is comiiletely ex- 
posed and let it be realized that insistence on the 
efficacy of old worn-out methods will only lielj) to 
hinder tlie jirogress of India and will inevitably lead 
us to self-extinction. A bold lead is needed to stami) 
out this ignorance and self-deception. Such a lead 
can only be given by a (Government of the Pcojylc 
whose sole aim would lie public welfare and all-round 
prosperity. 

Famine is a dreadful calamity, but such occur- 
rences do give rise to searching enquiries and in free 
countries to the consequent adoption of drastic steps. 
Properly inter|)reted, the present calamity lias re- 
vealed the tragedy of colonial administration. 

I wen if the causes were found, and some radical 
recommendations were made, they would be kept in 
cold storage on the usual plea of lack of funds. 

If India is to be saved from the dangers of re- 
curring famines the Government of India .should 
seriously consider ways and means to give effect to 
the following measures : 

(i) Industrialization of the country with the 
consequent low’cring of load on the agricultural pro- 
fession thus effecting a proper balance between in- 
dustry and agriculture. The aim of industrialization 
should be to clearly increase the per capita income 
of the masses and not merely to increase the already 
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rolling wealth of a few, in other words socialized 
industrialization, 

(2) Creation of a permanent Food Department— 
The food problem in India is an eternal one and 
there are so many aspects .such as production, tran- 
sport, storage, processing, etc., that only a unified 
policy directed by a single Department can be effec- 
tive. The Department should have a Scientific 
Advisory Committee with the same tunctions as that 
under tlic British Government, but the Government 
of India should see that the Executive implements 
such advice as loyally as tlie British Executive has 
done. 

(3) Establishment of an Institute of Food 
Technology* which should make provision for the 
.study of food proces.sing, transport, storage, food 
statistics, etc. 

(4) Immediate introduction of modern methods 
of agriculture, education of the fanners in these 
methods, aid to the fanners in the i)rocuie- 
inent of iiroper seeds, machinery, imiilemeiits, loans, 
cheap power for irrigation, subsidy, etc. 

(5) Speeding u^ of tlie plans for the ]>roduction 
and distribution of artificial manures — without this, 
the terribly low' overall i>roduction i>er acre which is 
about }^th of that obtained in other countries, can 
not be improved. 

(6) Immediate setting up of machineries like the 
TVA for the full scale utilization of water resources 
of the country. 

These are only some of the important stei)S which 
should be immediately taken up if the country is 
to l)e saved from such disasters. We feel that a 
Government which assigns to itself the duties of 
trusteeship of such a vast country, should see that 
the food and nutritional situation in the country 
improved and improved rapidly in the light of 
scientific advice. 

* We learn that ihe Oovernincnt of India an* considering 
the establishnienl of such an organization. If the report he 
coirect, it is a move in tlie right direction. 
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UTILIZATION OF ELECTRICAL ENERGY IN INDIA 

N'. 0. SAHA. 

lil.KCTkO-TKCHNOUKiY DRPARTMR.N’T, INDIAN iNSTlTt'TK OF »SCIIiNCK 


BANGi 

YY^HEN Boulton presented the model of the steam 
engine of his partner James W’atl to the then 
King of England, he had said with his characteristic 
witticism, “Sire, T give you power”. Little had he 
realized the dynamic truth behind his statement or 
little did he dream that in the course of a century 
that mechanical power would prove to be the most 
deciding factor in peace as well as in war. Indeed 
the mechanical power has become to-day the most 
powerful weapon at the disposal of man in his combat 
against the scourges of ‘imverty, ignorance, dirt, and 
disease*. 

Of all forms of mechanical |)o\ver, electrical 
power, because of convenience, cleanliness, tlexibility, 
and ease of transmission, has found the most universal 
use. The present era is really more than an electric 
age, for never before in the whVde history of mankind 
has one single commodity affected the basic structure 
of the human society in such a profound way as has 
electricity to-day. 

TAl 

Ih.KCTWlClTV Co.NSUl 


r.ORK 

object of the iircscnt article will be to draw a tenta- 
tive balance sheet of the consumption of 40,000 
million units in the light of the experience of other 
jjrogressive countries, particularly Russia. This is 
to show merely the broad outlines on which to plan 
the consumption of electric energy in India. 

In many respects the present state of India 
resembles that of Tsarist Russia, specially in its 
economic and industrial backwardness. The Soviet 
('lovernment dragged the country out of the morass by 
a vigorous policy of industrialization with i)articular 
emphasis on electrification. The prorligious develoji- 
ment of the Russian industry is to a very large extent 
due to the judiciously planned consumption of electri- 
cal energy for industrial and domestic puri)oscs. The 
structure of the electricity consumption in Russia 
may, therefore, be taken as a suitable basis of dis- 
cussion for the construction of the same for India. 

The following table gives the main heads of 
electricity consumtdion in Russia in 1932 (last year 

I.K I 
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The National Planning Committee of India realiz- 
ing the importance of the electrical power develop- 
ment recoimiiended an increase of 100 units per capita 
in the production of electric energy. Hy the standards 
of the Western countries and America some of which 
I^roduce over 2000 units per cai)ita, this indeed is a 
meagre amount. But many of us nurtured in an 
atmosphere of the 17th century A.D., with our minds 
welling fondly on the glories of the 7th century B.C., 
cannot comprehend the utilization of 40,000 million 
units of energy in such a vast country as India. The 


of the first five year plan) and 1937 (last year of the 
second five year ])lan) and the blue print of the same 
for India as envisaged by the author. 

It will be .seen that it is only in one respect that 
the Indian balance sheet differs from that of Russia, 
e.g, in the increase in the allocation of electrical 
energy to agriculture. As agriculture will play a 
vital role in future India, rejuvenation of archaic 
methods of agriculture, as practised to-day, on scien- 
tific lines by the infusion of electrical and mechanical 
power is essential. Of particular importance is the 
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execution of vast schemes of irrigation by electricity 
driven i)unii>s as outlined by Stampe a few mouths 
ago. \Vc can no longer be content with our ineffec- 
tual i)rayers to the inexorable .Monsoon during the 
fatal days of drought ; we must plan agriculture in 
such a fasliion that when Clod disposes, farmer can 
propose. 

\Vc shall now proceed to the allocation of energy 
to the various sub-heads under the above main 
heads. 

lilcctiiral Dihc. — India has at last awakened to 
the reali/atioii tliat industry alone can create pro- 
sperity. Hut industry without power cannot produce 
(he edifice r)f stable economic structure, it can at best 
create a cottage exi)osed to the merciless storm of 
foreign mass production. Again, indu.strialization is 
not merely mechanization ; it is today synonymous 
with electrification. Therefore, industry must have 
priority in the consumption of electrical energy. The 
following table gives the consumption of energy by 
electrical drive by the various branches of industry 
ill Russia in 1934 <lcduccd figures for India. 

As the ([uestioii of median ization of [leat industry 
dries not arise in India, the percentage allocation of 
energy to the fuel industry has been greatly reduced. 
In other resjiccts, there is no material change. 
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metallurgical industries o-f the year 1936. The table 
below gives figures : 
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Principal product 

r. S. A. 

Million 

kieh. 

(1936) 

% 

India 
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kwh. 

1. .Vlumiiiiuin 

2,217 

222 

1,320 

2. Copper 

283 

2-8 

170 

3. Zinc 

440 

4-5 

100 

4. Cadmium 

3 
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- 

5. Magntsiuin 

35 

0-4 
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6. Chlorine & Caustic soda ... 
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7. Electric Furnace steel 
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65 
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45 

11. Calcium carbide 
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!3. Electric 1‘iirnacc iron 
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10 

70 

14. Heat treatment 
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. - . .. . 1 

1 
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•»/ 
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1. Fuel 

lS<)t5 

1.5 0 

1000 

,5 

2. Ore. Milling 

389 

M 

1000 

.s 

3. Iron and Steel 

1060 

131 

2600 

13 

4. Non-I‘*errous Mrl.iL . . 

320 

2-5 

800 

4 

5. Metalworking . . 

2007 

200 

4200 

2! 

6. Cliemieals 

800 

0-3 

16(K> 

8 

7. Mined (hemieal:’. 

09 

0-5 

200 

1 

8. Rubber and .\sbe’.lo^ 

1.31 

10 

200 

1 

9. Mined Building material 

518 

41 

12fK) 

6 

10. Woodworking 

409 

3-2 

600 

3 

11. Textiles 

i 1384 

! 10 9 

2400 

i *2 

12. vShoc and Leatlier . . 
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i 

200 

1 1 

13. Paper 

1 . 649 i 

i 5-1 
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1 

14. Food 

1 S81 1 

40 
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5 

15. MiseellanOous 

ll'ts 

«.o 
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9 

Total 

12686 

1 

100 1 
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I'iiial prcMluct 


Coal, oil-refining. 

Iron ore — IMaiigaiiese, etc 
Nil 

Sniclling refining of non-ferrous nu-ial- 
I\Iac]iinerv niamifaeture vS: metal prrKlm l- 
Ifeavv eliciiiicals cjrganic synthesis, woo. I 
distillation 

Minerals for elieiiiit’als, cleetrieal biiiMini; 
industries 

Nil 

Cement, firchrick, hiiihling brick 
Nil 

Coltr»n, wool, silk, linen 
Leather, shoes 
Paper, jiriiitiiig 

Sugar, vegetable oil. meat, canning, flour 
etc. 

Nil 


Fleet yo-lcrlniotoji'ical process . — As tbc details of 
the Russian industries in this respect are not avail- 
able, we shall draw uii iho requirements from an 
analysis of the American electro-chemical and elcctro- 


Electro-diemical industries now play a vital role 
in the national life. According to the figures of 
American electro-chemical industries consumed 10 j>e‘r 
cent of the total energy generated, while, accordin.t? 
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to the recent statement of the President of the Ameri- 
can I?lcclro-chemical Society, the percentage figure 
for IT. S. A. and Canada increased to 20 per cent and 
the actual energy consumption to the colossal figure 
of (yo billion units in 1944. These statistical figures 
not only show the vast practical importance of electro- 
technological proccvsses but also their rapid growth. 
Vet in India we have not a single place where facili- 
ties for the study of the subject are available ! 

Transportation . — Increase in production alone 
will not relieve the distress in India. The spectre of 
famine will continue to threaten India until renova- 
tion of the system of distribution and improvement in 
communications take place. Electricity can play a 
significant part in this respect. 

If the electrification of some of the railway trunk 
lines is not a practical proposition at the present 
juncture, that of some of the important suburban 
lines must receive immediate attention. This toge- 
iher with the introduction of electric trolley buses 
will considerably improve the chaotic transport in 
some of the big cities. Also wireless and wire coni- 
miinit'alion is in need of far-reaching expansion, if 
it is to carry out effective propaganda so essential for 
I lie cNecution of planned economy and broad educa- 
tion of the i)Coplc. 

Agriculture. —In Russia and America consider-, 
.'ihle amount of energy is consumed in livestock 
raising, poultry breeding, machine and tractor 
stations, irrigation, etc. The major portion of the 
(juota of electric energy allotted to agriculture in 
India may be spent in irrigation. This will not only 
increase the (luality and (luantity of the agricultural 
]inwhice of the country, but may also i)rove to be a 
suitable channel for the introduction of electricity to 
\illages and their cottage industries. 

Whatever may be the difference between the 
r>onibay plan and the (landhian plan, both agree 


that cottage industries must play an important part 
in the economic reconstruction of India, particularly 
in its initial phases. This is necessitated by the 
.shortage of capital on one hand and the need for 
provision of employment to the teeming millions of 
India on the other hand. Intrmluction of electricity 
to cottage industries will greatly relieve the mechani- 
cal drudgery associated with many cottage industries. 

Municipal services and Domestic uses . — Those 
Vho consider that the recommendations of the 
National Planning Committee on generation of 
electrical energy as extravagant will note that under 
planned consumption of electrical energy an indivi- 
dual will be allotted only 10 units annually for his 
domestic use or in other words a family of five mem- 
bers will be allowed to consume only 12 units per 
(juarter. This clearly shows the very modest nature 
of the target the Planning Committee set liefore the 
country from consideration of the shortage of caintal 
at its disposal. 

CoNCI.UDINf; Rkmarks 

Krce from the fog of high finance, wealth of a 
country consists of its natural resources and the 
mechanical and man-power to shape these tf) satisfy 
human needs. India fortunately is blessed with a 
fair abundance of raw materials. What we need 
primarily is the development of i)ower and human 
skill to put them into the service of the nation. 
vSince power to-day is synonymous with electrical 
power, it is the first and foremost duly of the nation 
to develop electric power. Therein lies the keynote 
t<i the economic generation of the country. 

Will India continue to live in sloth, poverty and 
tradition, or will she plan for an era of power, pro- 
gress and prosperity? 


MEDICINAL PLANTS IN CHITRAL STATE 

S. C. DATTA, 

INDUSTRIAI, SKCTION, IND1.4N MTTSKLM, CALCUTTA 


I^EDICINAL plants of India constitute a very 
important part of Indian vegetation. With the 
ix'ssation of im])ort of medicines due to war, the 
importance of Indian medicinal plants have con- 
siderably increased and efforts are being launched in 
every direction for the cultivation of such plants. It 
not generally known how abundantly some of the 
most important medicinal plants grow- in deep forest 
regions and in the heights of the Himalayas. It 
would indeed be a very satisfactory achievement if 
2 


the cultivator’s attempts are .supplemented by the 
cxjdorer’s excursions. 

About a couple of years back the wTiter, with 
a view to studying the medicinal plants that grow 
in the Himalayan tracts and in the Hindu Kush 
range, undertook a journey to the heart of the 
forests in Chitral in the N. W. F. Province and was 
delighted to see how profusely some of the very 
important medicinal plants flourished there. The 
State possesses varied climates and soils favourable 
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for the cultivation of a number of medicinal plants, 
and, in writer’s opinion, the introduction of a 
number of foreign plants will also come to a success 
ill that place. A brief sketch of the journey is given 
lielow along with a report of some of the important 
plants that were collected there. 

The State of Chitral is situated in the North- 
West Frontier Province at the foot of the Hindu 
Kush Range at about 72° E longitude and 36° N 
latitude. The journey was undertaken in the month 
of October, and as a result most of the annual plants 
that thrive there during the summer season could 
not be collected in the fresh condition. However, 
an idea of a number of several such plants was 
obtained from a collection of dry specimens which 
the writer obtained from local drug dealers and from 
other domiciled people through the courtesy of the 
rulers of the State. 

There is no direct railway communication with 
Chitral. From Lahore one can go to Nowshera, a 
station just before Peshawar, by the Frontier Mail, 
and from Nowshera to Dargai by a branch line. 
Dargai is the last railway station in the direction of 
Chitral, and further journey had, therefore, to be 
made by bus, motor car and other conveyance. At 
Dargai I boarded a bus and reached Dir at the fall 
of dusk, where 1 passed the night in a T^evy post. 
Next morning 1 started for Chitral on horse back. 
'Hie horses were kindly sent by His Highness the 
Melitar of Chitral, and it was a very pleasant journey. 
1 cro.s.sed the I.ovvari pass {10,450 ft.) at noon and 
reached Ziarat in the afternoon. At Ziarat I was 
informed that a motor car was waiting for me at 
Asral, a place 6 miles off Ziarat and I at once set off 
in a hurry as it was getting dusk. The car took me 
to Drosh where I had a very warm and ever- 
remembering reception from the Governor of Drosh. 
'rile next morning 1 started for Chitral in the car, 
after lunch and reached there in an hour's time. On 
tile whole, 1 required about 6 days to reach Chitral 
bom Calcutta. 

Collections of specimens in areas up to Dir had 
not been possible for me as I bad 110 pa.ssport for 
that and after I entered Chitral area at a place Gujar, 
'Nhich is the boundary of Dir and Chitral, that I 
started on my W'ork of collection. 

The Lowari pass have some fine forests in its 
neighbourhood containing chiefly Finns excelsa 
Abies webbiana Lindl., Quercus ilex L., 
l^icca morinda Link and Juniperus jnacropodn Boiss., 
/’yruA- lanaia D. Don, Prunus sp., Potentilla sp., 

1 deriana Hardwickii Wall., V, wallichii DC, Achillea 
^dlle/olium L., Thymus serpyllum L., Rumex acetosa 
b., Aconiium sp and Anaphalis cuneifoHa h.f. Other 
plants noted in this area are, Asplenium sp., Ver- 
thapsus L., Onosma sp., Cynoglossum sp., 
^(iraxacum officinale Wigg., Primula denticulata Sni., 


P. sluarlii Wall., Inula obiusifolia Ker., Saxifraga 
sp., Sisymbrium sp. and Corydalis sp. 

Finns cxcelsa Wall, dominates in Gujar and 
Ziarat valley along with Juniperus and Quercus. The 
dominant plants in the Gujar valley arc Mentha, 
Chenopodium, Thymus, Leonurus, Ranunculus tnuri- 
calus L., Artemisia, Primulas, Anagallis, Salvia, 
Abies,* Picca morinda JAnk. Orchids and Juncus. 
Other plants are Secalc sp., Agrostis alba L., Stipa 
barbata Desf., Lilium, Valeriana, Coloneaslcr, Crata- 
egus oxyacaniha L., Clematis and Geranium. 

In the Ziarat valley, the common trees arc, 
Quercus dilatata Lindl., Q. ilex L., Abies jeebbiana 
Lindl., Jughins regia L., Pyrus and Prunus. 'J'he 
others plants noted in this area are species of Mentha, 
Amaranthus, Tcucrium, Scutellaria, Delphinium, 
Aconitum, Chenopodium, Dioscorca, Orchids, Lilium 
Pimpinclla, Epilobium hirsutiim L., Potentilla, 
Rubus, Lathyrus, Vida, Dianihus, Stellaria, Gera- 
nium and Euonymus. 

Species of Artemisia and Mentha dominates in 
the Drosh area along with several si)ecics of 
Amaranthus, Clematis grata Wall., Cle.omc viscosa 
L., Vcrbascum thapsus L., Pocriiaavia repens L., 
Achyranthes, Cyperus roiundus L., Panicum crus- 
galli L. Erianthus, Aristida cyananlha Stcud. 
Euphorbia, Polygonum, Juglans regia L., Verbena 
officinalis L., Ptectranthus rugosus Wall., Anisomeles 
ovata Br., Euphoibia, Cannabis saliva L., IJrlica 
dioica L., Juglans regia L., Ammania baccifera L., 
Piinica granaium L., Epilobium, Statice cabulica 
Boiss., Olea, Siegesbeckia orienlalis L., Daucus carota 
L., Rubus, Rosa, Astragalus, Psoratea, Potygala 
sibirica L. and other .species. 

1 reached Chitral in the afternoon of the 61I1 day 
of iny journey and passed the next day there to make 
l>reparalions for my tour. The people of Chitral are 
very nice-looking and healthy and they have a 
language of their own, called Chitrali language. 
Urdu is more dominant here and I came into acquain- 
tauce with a number of people who uuderstood it. 
Here, I also met with a few people who could iinder- 
slaiul English language. His Highness the Melitar 
of Chitral is a well educated person, can compose 
good poems in Persian, and has refined artistic tastes. 
The customs of the place are after the ancient 
Moghuls and the ruler has a big ‘Harem* where lie 
keeps his Begums (wives) numbering about three 
do/eii. 

Tours were made to several places of the State 
making the town of Chitral as the centre. On the 
day after’ arrival, a journey was made to Bronshal. 
The plants characteristic of that place are Pislacia 
cabulica Stocks., Statice cabulica Boiss., Chenopodium 
botrys L., Quercus ilex L., and other plants wliicli 
are more or less similar to the plants collected in 
the Drosh area. Different species of Artemisia 
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together willi Punica granalum Ir. and Salix also 
grow there in profusion. 

Haraiikot and vSadok were the next two places 
where I went on the following day. The plants 
which characterize Harankot are several species of 
Artemisia of which /I. scoparia W. & K., Salix alba 
L., Punica granatum L., lilcagnus sp., Kquiseium sp., 
Cli'omv viscosa L., Ruhus elliplicus Sin. alon^^ with 
species of Panicum and other grasses. Sadok also 
fMiSsesses si)ecics of Salix, Mentha, Medicago saliva L. 
and others along with Verbascum thapsus L., Helio-^ 
Iropium eichwaldii Steiid., Seiaria glauca Beauv., 
i'otoneasicr microphylla Wall, and Cotoneasler num- 
miliaria Fisch. & Mey. 

After these I made a general survey along the 
skirts of Chitral. Here among the trees, I found 
Platanus oricnlalis (Clieiiar) which is cultivated for 
its rich foliage which afford a good shade. Juglans 
regia F. (Akhrot) is also cultivated to a large extent 
for the nuts as well as for timber. Other cultivated 
plants are Pyrus malus U. (Apple), Pyrus coimnunis 
b. (Pear), Prunus (Almond), Viiis (Grapes), Morus 
(\fulherry), Salix (Willow) etc. Saussurea lappa 
C. B. Clarke (Kuth) is cultivated on a large scale as 
it has ail ex])ort market there. Brasska juncca, 
Coss., Nicoiiana rustica L., Solanum nigrum h., 
Plantago major L., Epilobium hirsutum L., Trifoliunt 
Sp., Eutrema primulaefoHum H.f. & T. arc also 
common. In addition the following plants were found 
to be the common features of Chitral and its neigh- 
bouring place, — Hordeum, Eragrostis, Andropogon 
halepcnsis Brot., Setaria glauca Beauv., Adiantum, 
Cannabis saliva I/., Verbascum thapsus 1,., Sesamum 
indicum b. (cultivatetl), Solanum xanthocarpum 
Schr & Wcndl., Datura stramonium h., Onosma 
echioides L., Cuscuta, Cichorium inlybus 1^., Arte- 
misia (very common), Loniccra, Blumca, Daucus 
carola T^. Thalictrum, Anemone biflora TX^., Cleome 
viscosa h., Viola, Oypsophila, Oxalis corniculata L., 
Rosa, Pyrus, Punica granatum., Cucumis, Luff a, 
Phaseolus, Vigna, Medicago, Viiis and Pistacia inte- 
ger rima Stew. 

Having obtained a general idea of the plants of 
Chitral jiroper and its bordering areas, I next started 
for further journey towards. Tirichmir, a place about 
lo miles from Chitral. The journey had to be done 
on horses, mules and donkeys as they were the only 
means of conveyances. Most of the days during our 
journey we had to live on boiled eggs or roasted meat 
as rice (^r bread could not always be procured. On 
the way I halted at Shogot and made some collec- 
tions from that area and its neighbouring border. 
By the side of the tract leading to Shogot Cimicifuga 
groivs in abundance and occasional stray plants of 
Polygala are often noticed. Artemisia is the domi- 
nant feature. Several Teguminoseae also characterize 
these parts. Ephedra a.A Equisetum were found 


growing plentifully on the side of the stream passing 
through Shogot. Shogot has a rich vegetation of 
Tamarix along with Eleagnus, ArUmesia, Glycyr- 
rhiza glabra L., Impaliens, Daphne oleoides Schr., 
Viola palrini Ging., Clematis orienlalis h., Capparis 
sp., Spiraea sorbijolia L. etc. Cuscula reflexa Roxb. 
is a prominent feature on many plants of this area. 

Next to Shogot I visited Garamchasma (a jdace 
having hot water .spring) which lies at a very high 
elevation. The neighbouring hills are found to be 
covered with snow and the place is very cold. A hot 
water spring flows here and the w^atcr smells of 
sulphur. The plants in this part are Juglans regia 
which grows here in profusion, Pyrus, Prunus, and 
Viiis (cultivated), together with Salix and Litsara. 
Cannabis saliva L. is cultivated here for its leaves. 
There are other plants such as Solaria glauca Beauv., 
Juniperus macropoda Boiss., Epilobium roseiim, 
Schr., Portulaca oleracea L,, Berberis umbellata 
Wall., Crataegus oxyacanlha L., Malva rolundifoUa 
h., Abutilon indicum Sw., Amoora rohifuka W. ^ 
A. and Trifoliuni re pens L. 

After my return from Garamchasma, I visited 
Birmolast (summer residence of the Mehtar ol 
Chitral). Litsaea, Eleagnus and Astragalus dominates 
here along with Ephedra, Nicoiiana (cultivated ). 
Polygonum hydropiper L., Epilobium hirsulum h., 
Cicer arieiinum I^., Coioneaster nummularia Fiscli. 
& Mcy., Malva rolundifoUa and others. 

Tours were also made to several other places near 
the skirts of Chitral, and the vegetation of those i)l{ices 
closely resemble the vegetation of Chitral as stated 
above. As I already stated, 1 visited Chitral in 
October and found most of the plants drying up witli 
the advent of winter. I learnt that with the fall of 
SHOW" in I^ccmber all the hills became barren. 
is the proper season when collection should be made 
and then only it is possible to have a good idea of 
the complete flora of the locality. 

However, on the whole I had a fair collection <'f 
Iresh as well as dry specimens. Among the plants ol 
medicinal importance, the following were collected, 
— 4riemisia, Astragalus (Gum Tragacanth), Aconiium 
(dry samples obtained), Rheum (rhubarb) Glycynhi.:^i 
(Ja.sthi madhu), Datura stramonium ly., Canmihis. 
Juniperus, Saussurea lappa C. B. Clarke (Kulld, 
Mentha, Psoralea corylifolia L., Hyoscyamus, Eptn- 
dra, Plantago, Berberis, Podophyllum emodi Wall., 
Cimicifuga, Ferula, Colchicum luteum Baker., Pk' 
rorhiza kurroa Royle ex Benth., Alropa acuminuld 
Royle (Indian belladonna), Thymus serpyllum., b * 
Valeriana wallichii DC., Taraxacum officinale Wig.^ 
and Polygala sp. Some of these plants grow plenti- 
fully but others are somewhat scarce. There i^^ 
great possibility of successftd cultivation of these 
drugs in the Chitral as the Stale possesses varied 
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range of altitudes and climates necessary for the 
successful growing of these medicinal plants. There 
are further possibilities of introducing some foreign 
plants such as Cinchona, Pyrethrum, Ipecac, Ergot 
and some others as there are places in the State where 
tlie soil and climate will favour the growth of these 
plants. 

In conclusion, 1 must give my thanks to His 
Highness the Mehtar of Chitral for giving me all 
facilities for my investigation and journey, but for 
which I could not have proceeded a single step. I 
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also owe my gratitude to the Governor of Drosh, with 
whom I passed three nights during my journey, lie 
proved to be the most useful guide and a sincere 
friend, always ready to co-operate in all mailers and 
thus really he liad helped me a great deal in the 
progress of my work. I am also thankful to Indian 
Herbalist Co. of Calcutta, who kindly supplied me 
some funds recpiired for my journey and to Mr vS. N. 
Bal, Curator, Industrial Section, Indian Museum, 
who had kindly supplied me with all iiecenssary in- 
structions for my journey and collection of .specimens. 


BLOOD GROUPING AND ITS UTILITY"^ 

J. N. imATTACHARJI, 

CALCUTTA . 


Individuality op Bmxjd 

^IXCIi time immemorial the individuality of cell 
^ organisms has attracted attention. We know 
llial no two animals and no two plants are exactly 
alike. Some of the characteristic qualities of blood 
depend on the ‘constitution*, others upon the ‘condi- 
tion’ of the body. The sum-total of these two factors 
make up the individuality of the blood. Blood is the 
('ommon organic medium into which are poured the 
I'l'oducts of the metabolism of all the cells of the 
Ixuly and where they blend with each other and with 
ilio specific endocrene secretions, the balance of 
wliicli is now admitted to be a purely individual 
phenomenon depending on inherited constitution. 
Iso-reactioiis are now considered to be the most 
characteristically individual phenomena connected 
witli the blood and, therefore, hereditary and coiisti- 
liitional. Individuality of blood in the strict sense 
of the term means the constitutional i)eculiarities of 
tlic blood which enable us to distinguish between 
individuals of the same species. 

The constitutional nature of the individual differ- 
ences of the blood has been eini)basized by the dis- 
covery that the substances which characterise the 
four blood groups are present in practically every 
tissue of the body and has been found in soluble 
forms in the serum, saliva and urine. 

The manifold applications of blood group in 
biology, in clinical and legal medicine i)rove that it 
i^» not merely of academic interest. Its application 
for the selection of blood donors has made blood 
transfusion a safe procedure and has undoubtedly 
saved thousands of lives. In forensic medicine this 

’J' Read. before the Anthropological Society, Calcutta Uni- 
versity, on 17-3-43 by the writer, the then Officiating Imperial 
{aerologist and Chemical Examiner to the Govt, of India. 


knowledge has been applied for the identification of 
bloodstains and for tlie determination of non-paternity. 
Blood grouping tests may not only help to acquit 
the innocent but also to convict the guilty. Data on 
serological proi)crties in various human races and in 
primates are of value to anthropology and contribule 
to the knowledge of biochemical evolution. Its con- 
tribution to serology has been to increase our under- 
standing of the nature of the cellular antigens. Tlie 
subject is of interest not only to the iiniminologisl 
but also to the physician, the lawyer, the geneticist 
and the anthropologist. 

Agglutination 

Agglutinins are antibodies that possess the power 
of causing bacteria, red bhwd corpuscles, some ])ro- 
to/.ooa suspended in a fluid to adhere and form clumps 
which settle leaving a clear supernatant fluid (agglii- 
l illation reaction). 

The phenomenon of agglutination is an imimiiio- 
logical phenomenon. It is an antigeii-aiilihody re- 
action, antigen being colloidal, m()Stly protein in 
nature and the antibody present in serum globulins. 
The agglutination of red blood cells is known as 
haemaggluti nation and agglulinatioii of rod blootl 
cells by the serum of the same species is known as 
iso-hacinagglntination. The antigen in the red cells 
is known as an agglutinogen and the antibody in the 
serum as an agglutinin. The agglutinogens in human 
blood groups are iso-haemagglutinogcns and the cor- 
responding agglutinins are iso-haemagglutinins. 

Physico-chemical reaction oj Iso-agglutination . — 
Tso-agglulination is a special case of flocculation of a 
colloidal suspension. There are two stages in the 
reaction— (0 fixation of the antibody (agglutinins) to 
the cells (agglutinogens) causing a change in the 
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cells, («) coming together of the cells— precipitated 
by the addition of traces of electrolytes (salts). How 
this occurs? It is generally conceded that suspen- 
sion of colloul i)articles (red cells) maintain a balanced 
efiuilibrium by (i) repellent action of the like electri- 
cal charges, (h) force of attraction owing to surface 
tension, cohesive force, etc., and (Hi) Brownian 
movement which i)revents gravitation. 'Hie electro- 
lyte (salts) decreases the potential difference between 
tile bacterial cell and the surrounding medium to 
below a critical value and so allows them to come 
together and cohere. Presence of electrolytes in sus- 
pension reduces the potential but does not reduce 
the cohesive force to an aiipreciable degree. So 
agglutination of iiarticles occurs as force of attraction 
is greater than the force of repulsion. 

I sohcLc mtigglulinalion . — (Agglutination of red 
cells by the serum of the same species). The antigen 
in the red cells are^known as isoagglutinogeiis A and 
H and the antibodies in the serum are isoagglutinins 
a and b. (Irotips are named after the agglutinogens 
of r.b.c. Immune substances responsible for the 
reactions are (/) two isoagglutinins a and h in sera, 
ti being in group B, b in group A, cib in group () and 
none in group AB, (ii) two receptors for these agglu- 
tinins, I.C., agglutinogens A and B. The presence of 
two agglutinins and two agglutinogens are supi)orted 
by the results of absorption experiments. Cxroup B 
serum containing an agglutinin a is absorbed by 
group A and not by group B cells, and .similarly the 
agglutinin b in group A vSeruin is absorbed by groui> B 
but not hy group A cells. Now when the tests are 
performed with group O serum containing both d 
and b agglutinins it will be found that A cells will 
remove the a agglutinin, B cells remove the b agglu- 
tinin and AB cells remove both agglutinins a and b. 
The lack of ability of group O cells to absorb cither 
agglutinins ctjrrcsponds to their inaggluti liability by 
serum of any group. Isohaemagglutinins are '‘natural 
antibodies” produced in the absence of any eiviron- 
mental stimulus according to definite genetic laws 
and divide mankind into different blood groups. 

There are also present iso-haeiiiolysins and iso- 
haemolysinogeiis in blood. 

xAgglutinogeiis are ‘also found in other free cells 
than blood and in fixed ti.ssiie cells ; so it is better to 
say ccl/ groups rather than blood groups. 

Biological /Ijcfom.-— Homologous agglutinin and 
agglutinogen, i.e., an agglutinin and its correspond- 
ing agglutinogen cannot exist together in the .same 
blood. An equilibrium process of reciprocal binding 
prevents auto-agglutination. 

Group AB— the serum containing no agglutinins 
does not agglutinate anv cells. The cells are agglu- 
tinated by the sera of groups A, B and (). 

Group A— 'i'he serum containing b agglutinates 


cells of groups AB and B, the cells are agglutinated 
by the serum of group B and O. 


FdrmuivA for Blojd Grouping 


Group 

Serum of 
Group AB 

Serum of 
Group A 

vSerum of 
Group B 

Serum of 
Group 0 

Cel1.*4 of Group AB 

0 

+ 

-t- 

+ 

Do. A 

0 

0 

+ 

+ 

Do. B 

0 

+ 

0 

+ 

Do. 0 

0 I 

0 

0 
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Groui) B— The serum containing a agglutinates 
the cells of groups AB and A, the cells are agglutinal- 
cd by the serum of group A and (.). 

Group O- Thc serum containing a and b agglu- 
tinates the cells of groups AB, A and B, while tlu- 
cells having no agglutinogens are not agglutinaled 
by any sera. 

Combinations compatible with life arc shown in 
the following table. 


Agglutino- 

gen 

(in r.b.c.) 


O 

A 

B 

AB 


Groups 





Agglutinin i 
(in serum) j 

... 1 

Intcr- 

naliontil 
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i 

a h ; 

0 
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A 

11 

a — 1 

B 

111 

0 0 j 

! 

AB 

IV 


Mos^ 


JV 

II 

III 

I 


Agglutinin a produces agglutination only of cor- 
l)uscles which contain agglutinogen A ; and agglu- 
tinin b of corpuscles ..hicli contain agglutinogen H. 
Hence by using group A and B cells and sera any 
individual can be grouped. 


Bum)!) Grouping ani> Tr.\nsfusi()n Problkms 

Blood group has a high interest in transfusion 
problem as it affects the integrity of a donor’s r.b.c. 
in the blood stream of the recipient. Cells of group G 
not containing any agglutinogen will not be agglu- 
tinated by any of the sera and hence group O is the 
universal donor. Cells of universal donor are com- 
patible with all other bloods but the serum is not. 
The serum gets diluted in recipient’s plasma where 
there is great excess of agglutinable cells which fix 
the agglutinin without agglutination. Transfused 
scrum thus loses its agglutinating power by dilution 
in recipient’s blood, io% of their former titre (500 c.c. 
to 5,000 C.C.). The titres of these agglutinating sera 
being usually low (i in 30), the dilution is believet 
in larg€L measure to prevent the occurrence of serious 
reactions. The donor’s serum may have particularly 
high agglutinating titre and produce serious symp- 
toms in recipient’s, specially it the retl count is low. 
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vScruni of group O subjects may vary in iso-ag«luti na- 
tion titre not only in different persons but also in 
same person at different times. Also there is occa- 
sional ])resence of minor iso-agglutinins and iso- 
agglutinogens. Some sera whicli contain a and b 
agglutinins also contain the corresponding a and b 
isolysins which act upon certain corpuscles. The 
extremely powerful titre of a and b is only found 
(r in 26) in O groups. Such () groups can give rise 
to ill or even fatal effects. In O isolysin a is more 
powerful than b, so there is a great risk in giving () 
blood in A. For practical purposes, safe universal 
donors are tliosc whose sera in a dilution of r in 16 
do not agglutinate cells A and B. 

Universal O donor — (i) if a and b are low — emer- 
gency (safe) universal 
donor for all. 

(ii) if a and b are high — 
dangerous for all 
others, only goiKl for 
the same group. 

{Hi) if Or is high, dangerous 
for A and AB, safe 
for B and O. 

(iv) if b is high dangerous 
for B and AB, safe for 
A and O. 

Universal recipient AB Serum of AB contains 
no agglutinins and does not agglutinate any cells, 
d'lie cells arc agglutinated by the sera of groups A, 
B and O and exhibit variations in direct matching 
showing relative agglutinability. The titre of a and 
b of A, B and O donors should also conform to the 
standard as in safe universal donors before use for 
miivcTsal recipients. As a rule the titre of a and b 
is lower in B and A subjects than in (1 subjects, 
ijnantitatively iso-agglutination phenomenon depends 
on two variables, i.c., iso-agglutinin titre and rela- 
tive iso-agglut inability. Group O cannot thus be in- 
jected to AB with impunity. 

Transfusion in universal recipient AB — AB safest, 
then A, then B and O (most unsafe),* 

Survival period of r.b.c. in recipient is to too 
(lays, c,\cept in certain diseases, such as T.B., haemo- 
lytic jaundice, .etc. 

The New Rh Factor of Human Bi.cxu) 

Bh factor has been detected in some human 
|Tythrocytes (T^andsteiner and Wiener, 1940) by test- 
human cells containing it for agglutination with 
aiiti-rhesus sera. About 85% of human erythrocytes 
^ all the different groups and types are agglutinated 
the anti-rhesus sera and as such they arc Rh posi- 
ive. The rest are Rh negative. The red blo(xl cells 
the rhesus monkeys arc injected into rabbits or 

® i® niore often of higher titre than h in A, su B 
monies after A in order of safety. 


guinea-pigs to prepare the anti-rhesus sera. The 
anti-Rh is more cotmnouly formed in an Rh negative 
woman becoming pregnant with a baby having Rh 
positive cells as in cases of Krythroblaslosis foetalis 
(oedema of foetus, icterus gravis neonatarum and 
anaemia of the new born). The Rh factor seems to 
be equally distributed in the two sexes. Unlike the 
M and N and like A and B, Rh factor functions to 
stimulate the formation of specific iTimuinc aggliilinin 
in man. The Rh factor is sui)posed to explain the 
haemolytic reactions even after transfusions with 
otherwise comi)atible blood. ^I'hc antibody may be 
found in the serum of recipients having haemolytic 
transfusion reactions due to Rh and also in some 
pregnant women. Tt is therefore suggested that the 
compatibility tests of blood by groups, types and Rh 
factor of both recipients and demors should be done 
as a routine to safe-guard against the obvi»)Us ills. 
The Rh antigens and anti-bodies seem' to have very 
useful application in clinical medicine. 

/ ndividual I nconipalibilHy — A<lministiati<m of 
even 10 c.c. of incompatible blood interveiioiislv may 
cause severe shock, collat)Se or even death. It is best 
to ii.se the donors of the same group, if po.ssible, in 
view of the existence of dangerous universal donors. 
Compatibility tests arc essential. Direct matching 
of blood between donors and recipients is advisable 
in view of the ])Ossible occurrence of exceptional 
atypical agglutinins and donors with unusually high 
agglutinin litre. It also serves as a check for the 
grouping. Grouping is also necessary as in cases of 
weak agglutinins incomi>atibility may escape atten- 
tion in the direct matching test. 

Technique — It is useful tt) have sera with a 
selective action, so that they will only act upon 
either antigen A or B. It is better to obtain sera 
and cells from A and B groups for test i)urposes not 
from occasional donors but from persons who are in 
daily contact with the investigator, i.c., the investi- 
gator himself, his assistants, colleagues and other 
clo.se associates. An ‘individual blood catalogue’ can 
thus be drawn iq) which may prove extremely useful 
for future investigations. We can then do without 
stock sera, since we have only to call upon these 
test i)ersons whenever we need them and can obtain 
from them the required known serum and coriniscles. 
Sera kept in refrigerator may retain their agglutinat- 
ing power for a very long time (up to several years). 
Test sera must of course possess a high titre. They 
shouiJ not be less than a titre of i in 5 for a re- 
action to appear within a Tuinute. 2% suspensions 
of washed red cells A and B are used for tests. 
Because of individual differences due to cellular con- 
vStitution of blood corpuscles highly sensitive corpus- 
cles must of course be chosen as test cori)Uscles. The 
titration of the sensitiveness of the corpuscles may 
be carried out by finding the limiting dilution of the 
agglutinating test serum. About 5 c.c. of venous 
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blood is drawn frotn a subject (donor or recipient), 
a few droi)S are mixed with i c.e. of citrated saline 
(i’5% citrate with normal saline) in a test tube for 
cells and the rest is poured into another tube for 
serum. Serum after sei)aration from the clot should 
be inacti\'ated in water bath at a temperatrre of 
for J'j hour, as i/.Sth of a.eglutinatiiiK sera are 
haemolytic and as such they obscure agglutination. 
There are a number of sinude methods by which 
grouping can be done, the simplest being the slide 
methfxl. One or two drops of known A and B sera 
respectively from capillary pipettes are mixed on a 
slide with an eciual number of drops of a 2% 
suspension of the unknown cells to be grouped on 
the two ends of the slides previously marked with 
glass i)eiu‘ils. Similarly one or two drops of known 

suspension of A and B cells respectively from 
cai)illary jiipettes are mixed on a slide with an e<|ual 
iiuiiilier t)f drops of the unknown sera to be g**oui)ed. 
t.'ells and sera are mixed with sterile glass rods with 
lounded ends. The slides are put in covered medium 
size petri dishes containing a wet piece of filter i)aj)er 
in a small watch glass. vSuch petri dishes serve as 
moist chambers to luevent evaporation and concentra- 
tion of the salts. The result should be read within 
Jo hour. 

Suh groups — Ciroup A is further divisible into 
A,, Aa and A3, sub-groups depending upon a full 
dr partial afhnity only for serum a. A blood may 
thus be (), A,, A3, A3 ; B ; A,B, AgB and A3B (tS 
serological divisions). There is no significance of 
these sub-groups in transfusion except that they 
sometime^s lead to error in grouping. 

i^ourccs of error in (i r()Uping~-*Vhs: sources of 
error in grouping arc (i) pscudoagglutinatioii, 
(.1) variation of agglutinating titre in different sub- 
jects or in the same subject particularly in group B, 
(.0 too thick cell, (4) haemolytic sera, (5) weak 
agglutination, (b) auto-agglutination (as in haemo- 
lytic jaundice, etc., (7) deteriorated stock .sera, (8) sera 
to be tested originally weak, (g) test cells having a 
low agglutinogen, (10) titre of .serum lowered by tjre- 
servatives, (ii) test sera of low agglutinins, (12) wait- 
ing too long for result by the oi)en slide method, 
(13) sul)-groups. 

M and N Syslcm- AJmchxtcd to the substance 
A and B there are M and N in r.b.c. M and N may 
occur together or sci>arately but both arc never 
absent at the same time. M, N and MN are found 
in all blood groups but in no way related to them 
(24 .serological divisions). In the M-N system there 
is tiothing corresponding to O in the A-B system. 
Normally there are no naturally occurring anti- 
substances corresponding to anti-M and anti-N iso- 
agglutinin in .serum. vSo these factors do not play 
any role in blood grouphig. The usefulness is con- 
sidered for re-transfusicni cUid determination of life 


of donor's cells in recipient's. Donor OM transfused 
in i)atient ON for determination of life of cells. 
After the first transfusion by donor M to recipient 
k, there is usually no reaction, but anti-M is deve- 
loped. So there may be a reaction after the second 
transfasion by M. To avoid such dangers typing 
A-B groups by M-N is nece.s.sary. Direct matching 
lest may v\'arn against such abnormal reactions. 

Hkrkdity of hi.ooi) grouPwS— Fundamentals of 
Genetics 

Chromosomes of cells are suppo.sed to carry the 
hereditary factors. Male and female cells coalesce. 
The fertilized egg starts with the full number of 2.\ 
pairs of chromosomes— half of each pair being derive«l 
from one i)arent and half from the rdlicr. I^ocnted 
at certain sjKjts on the chr()mf)Sonies are genes :i 
factor or a set of factors which dcteriniiie heredilau 
characteristics in the zygfde. Cr>ntrasting factors 
occupying the same spot as a pair of ehromosomes au 
known as allelomorphs. They are pairs of conliast 
ing genes which determine the inherited eliaractciis 
tic of an individual. One set of genes is dciiwd 
from the paternal parent and the other set from tin. 
maternal parent. The genotype, purely a germinal 
make up, of ati individual represents the conii)ositin!i 
(ff the somatic cells in terms of the i>aircd alKlo- 
morphic genes. If the paired genes are similar, ilk 
genotype is homozygous. If the paired genes ai\- 
dissimilar, the genotype is hetro/ygous f)r hyhii‘ 1 . 
The phenotype is a term used to denote the exiav'’' 
sioii of the liereditory eliaracteri.slics as found in llu 
individual, resulting from the reactions between ll:-. 
genotype. 

Menders lAUV—Whcn two varieties of plani’ 
differing from each olhei- in one characlcristie ai< 
crossed the hybrids preserve for the most part tiu 
peculiarity of one or the other parent and do iml 
exhibit a blend of two. The characteristic whicli 
persists in the hybrids is called the “Dominant” tliMt 
which tends to di.sappcar the “kcccssivc”. h'or 
iii.slancc, there is a factor for brown eyes and one for 
!>luc eyes (the brown being dominant to the bine 
recessive). The factor from either ^parent may he 
either brown or blue, so the resulting allelonior] -li 
may have both factors, brown or blue or f)ne of 
each, ill which latter case it is the dominant brown 
that will manifest itself. 

Bcrnstein*s Theory — This theory postulates the 
presence of 3 allelomorphic genes A, B and R. Blood 
group of an individual is determined by combination 
of A, B and k in a particular pair of chromosomes. 
The inheritance of A and B agglutinogens depends on 
tw'o characters only, one gene from the father and 
one gene from the mother which may be dominant 
or recessive, genes A and B bxo dominant over gene R- 
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A and U denote the presence of the corresponding 
agglutinogens while R indicates their absence. 

The possible combination*? of these three genes 
arranged in pairs give rise to six different genotypes, 
corresponding to the four phenotypes or the blood 
groups : 


Phenotypes 

() 

A 

13 

A13 


Oenotvpes 
RR ‘ 
AA, AR 
1313, im 
AH 


Offspring of all possible matings between i>lieno- 
lyi>cs (), A, B and AB in accordance with Bernsteiirs 
theory : — 


I ‘ii rents ; 

Cliildreii 

Cliildreii 

not 

possihlo 

lypes 

( lenntypps 

(*eiiol\pes ^ 

I ‘henotypes .Hheiiol ypes 

OxO 

RRxRR 

RR 

t) 

A, B, AB 

0 y A 

RRxAR 
RR X AA 

AR, RR / 

AR 

A, 0 

B, AB 

OxB 

RR X BB 
RR X BR 

BR 

BR, RR 

B, 0 

A, AB 

AxA 

AAxAA 
ARxAA 
AR X AR 

AA 

AA, AK 

AA, AR, RR 

A, 0 

B, AB 

A xB 

AAxBB 
AR X BB 
AA X BR 
AR X BR 

AB 

AB, BR 

AB, AR 

AB, AR, BR, 
RR 

0, A, B, AB 

None 

Ini|)ossible 

M X B 

BBxBB I 
BRxBB 

BR X BR 

BB 

BB, BR 

BB, BR, RR 

B, 0 

A, AB 

OxAB 

RRxAB 

AR, BR 

A, B 

0, AB 

A xAB 

AAxAB 

ARxAB 

AA, AB 

AA. AB, AR. 
BR 

A, B, AB 

0 

B X AB 

BR X AB 
BRxAB 

BB, AB 

BB. AR. AB, 
BR 

|A, B, AB 

0 

ABxAB 

ABxAB 

.AA, AB, BB 

[A, B, AB 

i 

0 


This theory explains why () parent cannot have 
ah children and vice versa. When either parent is 
AH, half of the gametes of the parent must possess 
A, the other half gene 13, so that a child of 
J^nch a union will have at least A or B gene and can- 
not belong to group O. Conversely if either parent 
group O, the offspring must have at least one R 
g^ne and cannot belong to group AB. 

f^erediiy of M~N System— M and N inherited 
^lendelian dominants. Their heredity probably 
depends upon a single pair of allelomorphic genes 
and N. According to this theory only three geno- 


types MM, MN and NN corresponding to Ihe three 
phenotypes, M, MN, and N respectively are found. 

(1) Agglutinogens M and N cannot appear in 
the bl(X)d of a child unless present in tlie blood of 
one or both parents. 

(2) A tyjje M parent cannot have a type N child 
and a type N parent cannot have a type M child. 

Heredity of the IHi /ac^c; — (Laiisteiner Wiener, 
1941) — is explained by two alleloniorj)Iiic genes- Rli 
and rh, Rli being iloiiiinaiit. If the liiisbaiid*s pheno- 
type is Rh positive and that of the wife Rh negative, 
the infantas genotype will be Rh rh and the pheno- 
type will be Rh positive provided the hiisbaiid’s 
genotype is Rh Rh. But if the husband’s genotype 
is Rh and rh, the infant’s phenotype will only be Rli 
positive in 50% of the siblings. 

M cdicolcjmal application of blood ji^roupinj^ in the 
identification of stains. In order to establish the 
individual diagnosis of bloodstains, two different ami 
indei)endent ctnirses are open to ns ; (i) we may in- 
vestigate the specific isoaggliiliiiating iiroperties of 
the dried serum, (ii) we may try to determine the 
elective absorbing i)ropcrties of the corpuscles, i.v. 
ill other words, the specific isoagglntinable substances. 
Since as we have seen, however, the agglutinable 
substance is far more resistant than the agglutinins 
to deleterious influences, the second method may often 
enable us to achieve our object when the first would 
leave us completely stranded. The techniiiuc dciiends 
on the property of r.b.c. of absorbing agglutinins. 
This property is retained by the agglutinogens in the 
red cells of dried blood for many weeks. The dried 
blood is mixed with vSerum of graup O coiilainiiig a 
fairly good and eciiial litre of a and h, incubated at 
.^7°C for Yz hour and kept in the cold chamber over- 
iiiglit. The centrifuged scrum is tested next day 
against cells A and B to deterniiiic the groups. 
Known controls are also put up with the unknown 
stains to check the irregularities of absorption. It 
should be remembered that the medicolegal apj dica- 
tion is a cpicstion of eliminating certain persons, 
rather than incriniinating any particular individual, 
except as may be done by such eliminations. 

Blood groups in criminals. - It is desirable not 
only to keep every criniiiiars finger prints but also 
of bis blood group and M & N type. The former 
may be destroyed by a surgical operation Imt the 
change in the latter is not possible. 

Blood groups in tunns. — Tlicrc arc two types of 
twins, the uniovular type (identical twins) and the 
biovular type. The uniovular twins arise by the 
division of a single ovum, so their genotypes arc 
identical. The biovular twins show only close rela- 
tionship as in brothers and sisters. The blood groups 
of uniovular twins should be identical and this has 
been found to be the case by Dr Fischer. Dr Fischer 
investigated several twins, and he is of opinion that 
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in all cases of identical twins the blood groups were 
identical and in non-identical twins in 50 per cent of 
the cases they were the same as those found in 
brothers and sisters. ScliifT and Verschauer have 
denioiislrated that the genotypical identity of uni- 
ovular twins also holds for the agglutinogens M and 
N and the sub-groups of group A and group AB. It 
is to be reiiienibered that agglutinogens of human 
blood arc used as accessory factors for the determina- 
tion of identical or non-identical twins ; colour of 
eyes, hair, features are the other factors corroborating 
the same findings. 

lHood group and Sex. Xo relationship has been 
established between blood groups and sex. Obviously 
genes determining the blood groups do not seem to 
be located in the sex chromosomes. 

Blood groups and Supcrjccundation . — ^The 
(obscure <iuestion of superfecundation may be cleared 
by blood grouping according to Augsberger, and 
thereby the real paternity determined. According to 
him if in twins A and B of group O mother, one 
father is grou[) A or B, then there must be a .second 
father of group B or A. If O mother gives rise to 
triplets of groups O, A and B resi)ectively existence 
of tu’o fathers must be assumed to establish super- 
fecundation. 

AnTHROHJIvOGICAT, Signimcanck 

Weiner is of opinion that the importance of blood 
grouping for anthropology has probably been over- 
otiniated. However, its limitations sliould be re- 
cogni/.ed. Thus whereas certain nu)rphological traits, 
such as slanting eyes of the Mongolians, the black 
skin and woolly hair of the Negro, etc., clearly indi- 
cate the derivation of an individual, the presence of 
a particular blood group or type is not peculiar to 
any race. Blood grouping cannot be used as an aid 
in determining the racial derivation of single indivi- 
duals and only yields results of significance when % 
sufficiently large number of individuals of the same 
race is available for statistical examination. Another 
limitation of the use of blood grouping in anthro- 
l)olog>' is that peoples of the same race have widely 
differing di.stributions of the blood groups whereas 
totall\' unrelated races may have a similar serological 
constitution. However, the fact that there is no .selec- 
tion of mates on the basis of blood groups is a distinct 
advantage, since this tends to make the blood group 
distribution of a race retnain constant from generation 
to generation in the absence of immigration and inter- 
marriage with other races. Where inter-marriage has 
occurred the amount of inter-breeding may possibly 
be estimate<l. Contradit'tory results have been 
obtained by various workirrs regarding the establish- 
ment of direct relationship between the blood groups 
and certain anthropological' ‘ characters when they 


concern different races. The blood group is an 
ethno-anthropological character of the same order as 
variations in pigmentation or in the shape of the skull. 
It is conceivable that in mixed populations the diver- 
sity of racial origin may be reflected in each and all 
these characters. Thus, for instance, if a predomi- 
nantly dolichcephalic people rich in group A (such 
as the Swedes) , were to be invaded by a brachycepha- 
lic race abounding in group B (such as the Slavs), the 
resulting mixed population would appear to show a 
higher proportion of group A in dolichocephalic in- 
dividuals. Hence both the resulting anthroijological 
character and the distribution of blood groups would 
be due to racial diversity of a mixed popplation. 
This is, in fact, the explanation given by Rietz for 
the Swedes and by Ramaiiese for the Sardinians with 
regard to the shape of the skull. The interesting 
l)roblein of the relationship, if any, between the blood 
groups and anthropological characters at present 
would seem to be still far from solved. Nevertheless 
the way is clear. We must go on examining in a 
uniform and systematic manner large masses of 
individuals belonging to the same country and wait 
for the number to beAnne sufficiently large befon* 
drawing any conclusion. This might fairly be carried 
out, for instance, amongst the troops. In any case 
the question of the blood groups should be included 
in any statistical anthropological inquiry. 

Racial distribution . — The Serological formula for 
a particular race is unconnected with Anthropologi- 
cal features. The blood characters correspond closely 
to geographical position. Based on the fact that full- 
blooded American Indians (() groups 84’ 5 i)er cent., 
Gates, 1929) and Filipinos (O groui) 64 7 per cent., 
Cabrera and Wade, 1928) seemed to be entirely “f 
group O, and that factors A and B reach their 
greatc.st frcciuencies in Europe and Asia respectively, 
it has been a.ssumcd by most writers that the huin;m 
race was originally all of group O, the factors A and 
B having arisen separately by later mutation. Tliir^ 
is further borne out by the fact that all the i)Coplc 
showing more than 50 per cent group O are is land 
folk or otherwise i.solated. Recent studies on 
E.skimos (() group 80*7 per cent., Heinbecker and 
Pauli, 1928) further confirni this hypothesis. The 
nearer to Asia and Europe, the more B and less A, 
while the nearer to We.stern and Central Euroi)e, tin. 
more A and the less B. The peotde of the intermediate 
area, i.e. those of the Medeterranian ba.sin, show inter- 
mediate types. Mutual infiltration of the two bio- 
chemical races of the east and west probably produced 
the varying proportions of the A and B grouj)s in 
various races. Ottenberg holds that it is hard lo 
doubt that the data of anthropological investigations 
so far have some, although possibly a limited, bearing 
on racial origin and points out the need for a co- 
ordinated investigation, covering the whole world, 
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with uniform technique suggesting that in the future 
a study of the distribution of the subsequent aggluti- 
nogens may lead to a deeper understanding of the 
subject. Some definite racial influence seemingly 
exists, but at present the blood group test cannot be 
utilized to detect racial differences for medicolegal 
purposes. With elaboration and modification of 
technique, however, this may become possible in the 
near future. Following the recognition of the M and 
X agglutinogens, the sub-grouping of blood and the 
Rh-factor, research, present and future, may in all 
probability disclose results which will prove of value 
in the further application of blood grouping in rela- 
tion to anthropological and other studies. 

Blood Croup in Field work , — It is .suggested that 
Held worker should have a full knowledge of the 
techiii(iue of the work. The headquarters with an 
ccpiippcd laboratory for finding out the blood group 
of samples of blood collected from the interior villages 
should be stationed at a place where ice, or if possible, 
electricity should be available. The field workers 
should carry with them a portable box containing 
thermos flasks packed with ice and other necessary 
reciuisites for collecting blood. The blood grouping 
of both red cells and .sera may thus be carried out 
clliciently for anthropological investigations. 

Blood Croup in relation to Disease and Crafts , — 
Isoagglutination does not seem to depend on disease. 
Some writers are of opinion that blood groups have 


at least a bearing with body resistance. Sufficient 
data based on reliable and efficient grcniping and 
typing of different races with .special regard to herd 
immunity arc necessary to come to any definite con- 
clusion. Though the blood groups have some im- 
portance for tissue grafting in man they are not the 
only factors. 
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CHINA TO HARNESS THE YANGTZE 


iSl report of Mr John L. Savage’s in- 

vestigations on the utilization of water resources 
of the Yangtze, China’s largest and world’s fourth 
longest river, which has just appeared in the press, 
has focussed world attention on this mighty Far 
Eastern river. Mr Savage is the chief de.signing 
engineer of the Bureau of Reclamation, U.S.A. and 
designed a large number of dams in the United States 
and elsewhere, including the famous Grand Coulee 
and the Boulder dams. Recently, it may be recalled, 
he visited India, China, Afghanistan and Palestine 
to study and report on the possible development of 
fiver resources of these countries, following a request 
bom their governments to the U. S. Stale Depart- 
Bicnt to loan his services. While in China, Mr Savage 
examined about half a dozen minor flood-control, 
iffigation and power projects and made intensive 
study of the Yangtze basin, including the deep gorges 


Press report issued by the U. S. Office of War Informa- 
boti; China Information Bulletin, May 16, 1945. 


near Ichang. His compulations and .surveys con- 
vinced him that tlic river represented probabh' tlie 
greatest single source of water power yet untapped. 
In his own words, ‘with the possible exceptiem of 
some tributary of the Amazon, this is, beyond all 
question in my personal experience, the greatest 
single potential source of hydro power in the world 
to-day’. 

TuK ToHXiR.MUlY OF THK RiVKR 

Barring the plateau of Mongolia in the north- 
west and the high i>Iateau of Yunnan in the south- 
east. China really consists of three great river ba.sins, 
nanioly those of the ITwang-ho in north, the Yangtze 
in central, and the vSi-kiang in south China. Unlike 
other great rivers originating in the highlands of 
Tibet, the Yangtze (3,400 miles) escapes to the east 
through a complex scries of gorges and enters the 
Red basin of Szechwan province. The Red basin is 
an upland basin almost completely ringed round by 
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high luovinlains and is highly dissected into a number 
of small hilly countries. The river cuts its way 
out of the basin through difficult mountain gorges 
above Ichang and ixjurs in the lower plains of Ilupdi, 
whence its true valley course begins. The Hupeh 
basin is a low land covered by alluvium and formed 
by iIk- important river valleys of the Han from the 
norlh-WLSt, the Yangtze from the west, the Yuen from 
the soiith-we.sl, and of the Siang from the south. 
The liver swings alternatively to the north-east and 
the south-east, as it passes through the north-ea.st- 
south-west ridges of the eastern part of south China 
highlands, courses through several small basins, 
skirts the margin of the Po-yang basin of the 
Kiangsi, and finally forms its delta at Nanking. 


relatively high, well distributed rainfall, seasonal 
rhythm of moist sub-tropical summer ^ and mild 
winter and magnificent natural waterways is one of 
the most favoured agricultural regions in the world 
and the premier granery of China supporting nearly 
half of her total population.*** 

Of the mineral deposits of the valley iron is b> 
far the most important. Numerous magnetite-haema- 
tite iron ore bodies occur along the line of the low 
Yangtze, just outside the Sinian m 61 e. 

Yet the river is not without its vagaries. Floods, 
droughts and famines which regularly visit Ilk* 
Yangtze basin have menaced the lives and well- 
beings of the people, produced frequent agrarian 
revolutions and have led to successive migrations (jf 



iUap showing the river Yangtze. 


The Yangtze, the artery of China, drains eleven 
provinces, covering an area of 8,00,000 square miles, 
and the rich fertile alluvial deposits of its lower basins 
have attracted from time immemorial a veritable 
beehive of China’s teeming millions. Mild winter 
and moderate rainfall, although cjxlonic rains are not 
uncommon, favour agricultural activity almost 
throughout the year. A wide range of cultivated pro- 
ducts, e,g,, northern cereal in wintei and rice, 
cotton, and tea in summer, characterize the tract. 
“The Yangtze ‘proviucL*’ with rich alluvial basins, 


population along the river valley, w^hich bulk 
largely in the history of China. In fact, the liisl«n> 
of China, so far as her agrarian population is o)ii- 
cerned, is the history of her great untamed rivci> 
w^hich have made and marred the fortune of 
people since earliest times. 

Savage Pun 

It is this great river that Mr Savage has i)lannoil 
to harness by building a dam across it near Ichang 

* Encyclopaedia Britaiiiilca. 
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which, on account of the walls of the great gorge, 
forms a natural site for the purpose. The dam, when 
completed, will be the largest of its kind in the world, 
befitting the mighty river it seeks to stem. Its 
estimated capacity of generating about 10,560,000 
kilowatts will dwarf the power output of the Grand 
Coulee (1,944,000 kw.), the Boulder (360,000 kw.) 
and the Dnieper (558,000 kw.) dams. A total of 96 
generators, each having a capacity of 110,000 kw. 
will produce this enormous i)ower. Mr vSavage has 
further estimateil that the waters of the tributaries 
may be harnessed to make available about 2,500,000 
e.Ktra kilowatts. This power, wlnm iJini)erly distri- 
buted, would serve such far flung regions as Nanking 
in the east, Chengtu in the west, Kweiyang and 
Kweilin in the south, and Taiyuan in the north. The 
cost of power thus developed would be around tSg 
dollars a kilowatt, according to a conservative esti- 
mate, as against 115 dollars at (irand Coulee. 

The dam which would rise to a height of 500 
feet or so in the gorge would store 50 million acre- 
feet of water and create irrigation facilities for t>ver a 
vast area of 10 million acres. By way of comparison, 
ihe Boulder dam stores only 32 million acre-fed and 
provides irrigation to one million acres of land. Such 
improved irrigation would double the food production 
ill China whose failure to feed her* population is 
almost traditional. The menace of floods which 
ilevastate Central China iilmost annually would be 
eliminated. 

The project would teact favouraldy on China’s 
inland navigation. This would open regular steamer 
service between Shanghai and Chungking and permit 
i(),noo-ton ships to come up to the Chinese capital, 
<>50 miles inland. 

The multi-puri)ose Ichaiig project, Mr vSavage has 
calculated, would involve an expenditure of the order 
of a billion dollars. If carried out according to plan, 
all civil engineering work and 20 per cent of power 
ciipacity could be completed in 6 or 7 years. The 
I'liancing .scheme has been suggested to be a self- 
licpiidating one ; the amount is exi)ected to be realized 
ill course of half a century in the shape of revenues 
on power, irrigation, flood-control and navigation. 
Afterwards the dam would pay its way by allocating 
half the power supply to the manufacture of fertilizer 


for export to the U. S. A. and other parts of the world 
and may yield a profit. 

The implication of the power project need hardly 
be over-estimated. The supi)ly of power is a pre- 
requisite for the development of heavy and k^y in- 
dustries which China has failed to develop owing to 
political chaos and feuds within and open hostilities 
of imperialistic powers from without. Her i)resenl 
chronic poverty has been inseparable from her low 
consumption of electrical power. A little calculation 
will sliow that the new hydro-electric project will 
make available more than 250 units per head of popu- 
lation for consumption. The power will give China 
new industries and wealth to li(iuidate i)overty, illi- 
teracy, disease, malnutrition, and a low e'Xi)cctation/ 
of life, characteristic of a feudal and agrarian economy. 

Chinese engineers in large numbers, we are in- 
formed, are already receiving technical and specia- 
lized training in the M.l.T. and other institutions 
in the U. S. A. During their recent visit to the 
U. S. A. and Canada, the Members of the Indian 
Scientific Mission came across a party of 33 Chinese 
engineers in the Niagra Falls. They informed the 
Mission that the single hydro-electric tn'oject at 
Ichang was ‘F'xpectcrl to yield as much electrical 
energy as is now developed in the whole of U. vS. A. 
from hydro-electric sources (nearly 1,00,000 million 
units)*. 

The Yangtze project, great and ambitions as it 
is, represents an endeavour to utilize only a ])art of 
China’s water resources which are as vast as the 
country itself. Her second largest power dam which 
Mr K. P. Fiper, another foreign expert, likens to the 
Dnieper dam, will in all probability be situated on the 
Tatu river of Szechwan, a tributary of tlic Yangtze. 
The fury of the great Hwang -ho or Yellow river in 
the north similarly retiiiires to be tempered with man’s 
engineering skill. 

The Chinese Cfdossus is shaking off the age-long 
slumber and is turning to its own untai)ped resources. 
Hardened by centuries of imi)erialistic aggression and 
exploitation and interminable wars, the proud people 
of the land of Confucious and Dao Tze are emerging 
once again as a new and vigorous oriental nation 
that at once inspires and fills with hope other i>eoples 
in bondage. 

.S. N. Sen. 
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SOME RECENT DISCOVERIES IN APPLIED BIOLOGY 

P. MAHBSHWARI, 

DACCA lIMVKR.SITY 


and not biiltcr’*‘ may have had sonic merit 
” i\^ a war slogan in hut has outlived 

its usefulness. “Guns and butter” is the present cry 
(for food is as important as any lethal weapon in the 
successful prosecution (jf a war), and it seems likely 
that a few months later it will be replaced by 
“Hultfr and not guns”. The present scorched earth 
of l{uroi)e and other places will soon have to be un- 
scorched. ('.un-making will then be relegated to the 
^ background and there will be a drive for the rehabi- 
litation and relief of the affected areas. In this the 
biologist will have a decisive role to play. 

vSo many and so varied have been the discoveries 
of the biologist during recent years that it is difficult 
to do adecpiate justice to the subject in the space of 
a fev\ pages. The best that can be done, therefore, 
is to call attention to stich of them as are likely to 
appeal to the general scientist. 

Plant Hrkkding 

Coming first to the work of the plant breeder, it 
is well known that every .species of plant has a 
number of more or less distinct varieties, each 
possessing ife peculiar advantages and disadvantages. 
Hy suitable methods of hybridization the breeder 
could try to combine the good points and eliminate 
the bad ones and thus produce new varieties result- 
ing in the saving of millions of rupees every year. 
Hut this process has got its limitations and it was 
soon learnt by experience that more striking results 
could often be obtained by crossing a cultivated 
variety with its wild relatives which are as a rule 
far more hardy and disease-resistant. The chief 
difficulty, however, was that the resulting offspring 
usually turned out to be sterile so that it could not 
multiply itself in the ordinary way, and the experi- 
ments were often hardly worth the trouble unless the 
plant could be propagated by vegetative means as 
in the case of the sugarcane. 

An accidental discovery that a duplication of 
the chromosome set could make the sterile hybrid 
fertile, followed by another of the value of 
X-rays and' colchicine in readily bringing about such 
dou]>ling, was therefore greeted with great applause, 
and vast possibilities were immediately opened up for 
the large scale pro<luctioii of new species ajid varieties 
through interspecific and intergeneric crosses. Scores 

* Since writing it, the nation which rai.qed this cry has 
unconditionally surrendered . 


of such distant cros.ses have been made in recent 
years. To mention only tw^o instances, the Russians 
have evolved a new grain crop — one of the most 
remarkable botanical achievements of the last three 
milleniums — ^by crossing wlieat (Triticum vulgarc) 
with rye (Secale cereale). The plants thus obtained 
have greater hardiness and higher yield combined 
with the ability to thrive in regions where ordinarx 
wheat would be a failure. A still wider cross 
has been achieved between wheat and couch gras^ 
(Agropyrum sp.). The hybrids are perennial like 
couch grass and form a new crop excellent for grass 
or hay as well as grain. Some derivatives from 
another similar cross are frost and draught - 
resistant, others have a greater yield and better 
(luality than wheal. These are also immune to rust 
and smut and yield a flour with a distinctive flavour. 

In India the sugarcane has been cro.ssed with a 
wild grass known as ”kans” (Saccharum sponta- 
ncum), with Sorghum and with the bamboo. The 
hybrids with the first have already proved to be of 
great value and the economic ])()ssibilitics of the other 
two are under investigation. 

Piiysi(.)L(x;y of Reproduction 

A very interesting discovery made three years 
ago at Odessa was an improved method of potato juo- 
pagation through the use of mere “chips” conlaiii- 
ing the eyes instead (.)f whole tubers. This resulled 
ill a great economy and enabled the Russians I*) 
increase their potato crop to a very large extent in- 
spite of the severe losses in materials and terriloix 
which they suffered at that time. The advantage of 
the method lies not only in obtaining more plants 
from each tuber but in being able to save the greater 
part of it, which formerly rotted away in the soil, 
for other purposes. 

An immense literature pertaining to “growth 
hormones” has appeared during recait years, by 
the proper application of some of these .substances 
it is possible to make many plants take root from 
cuttings when formerly there was no way to grow 
them except from seed — a laborious firocess which 
does not always yield an offsiiring that is true to 
the parental type. Experiments are in progress in 
India and elseivhere to test their efficacy in the 
vegetative reproduction of a number of plants hhc 
mango, litchi, cinchona etc. An additional use of 
growth hormones lies in the production of seedless 
fruits in place of the usual type who.se seeds are 
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often a great nuisance. Success has already been 
achieved in the case of tomatoes, peppers, brinjals, 
cucumbers and squash, and it is possible that before 
long the spraying of dilute solutions of these magic 
drugs on the unfolding blossoms of our fruit trees 
will become a standard i)ractice in modern liorti- 
culture. 

Track Klemknts 

An important discovery in the idiysiology of 
nutrition is the role of certain “minor** elements in 
plant growth. Tor nearly a centurv we have known 
tell elements — carl^jii, hydrogen, oxygen, nitrogen, 
sulphur, phosphorus, potassium, calcium, inagne- 
siiiin and iron — as essential for plants. Now it has 
lieeii found that there are several others which are 
also important, although reipured only in minute 
(luaiitities. Of tliese, coi)per, lioron, manganese and 
/iiic are specially noteworthy. A die-back disease of 
citrus occurring in hlorida, California, South Africa 
and other places has been traced to copper deficiency ; 
lack of boron similarly causes serious damage to 
apple crops ; an absence of manganese often gives 
rise to a clilorosis ; and /iiic deficiency is known to 
cause a “rosette** of apples, “motile-leaf** of citrus 
and “yellows** of walnuls. In all tlurse cases, proper 
application of the deficient element to the soil or to 
the aerial parts in the form of a siiray brings <iuick 
relief. 

New vSources of r\x>D 

< )ne of the benefits of war is the great impetus it 
t;i\es to the shartiening of our intpllects. Napoleon 
hacked the lullivation of sugarbeet in France, when 
West Indian sugar was denied to him because of the 
blockade imiiosed liy the Knglish Fleet. He was 
subjected to much ridicule on this account and a 
famous cartoon was drawn showing him sweetening 
liis coffee by di[)]nng a beet root inside it ; yet 
another .showed him offering it to his little .son, King 
of Rome, with the caption, ‘\Suck dear, suck, your 
father says it is sugar**. Today, in spite of that deri- 
sion, the sugarbeet has attained an important place 
in sugar manufacture and the world cannot helj) feel- 
ing thankful to Napoleon for his efforts in encourag- 
ing the industry. 

A new example of this kind is seen in the use 
of such an absurd thing as grass for human food, 
In^ two pamphlets entitled “Grass for All** and 
“I'ating for Victory**, an English author describes 
the advantages of eating moderate quantities of 
young grass shoots. At the ripe age of 68 this old 
gentleman profes.ses to have experienced a remarkable 
sense of rejuvenation, both spiritual and physical, 


from the use of this very unusual diet. A parallel 
and equally inlere.stiiig discovery is the u.se of wood 
pulj) as animal fooder. Althougli useless to man, 
owing to the absence of the requisite enzymes or 
iiiicro-orgaiiisms in* his digestive tract to effect its 
solution, it has been found that cattle and horses 
can absorb it almost entirely iiccause their digestive 
organs contain certain bacteria which can break 
down the cellulose of the wood into products tliat 
can be absorbed into the blood. It is of course 
necessary to add some salts and molasses to make 
such diet palatable and more nutritive. 

The ])re.sent widespread cultivation of soya bean 
is a natural outcome of the critical [iroteiii situation 
of wartime. Many new uses have also been found 
for this crop. Unfortunately, however, .soya protein 
is only a second class product not comparable with 
animal protein. Yeast protein is considerably supe- 
rior and much nearer the mark. Now, while animals 
make their proteins from the small amounts of 
oii;anic nitrogenous suh.staiices found iii the gra^s 
and herbage which tliey consume, the yeast cell is 
able to do so merely from the cheap ammonium salts 
manufactured from the nitrogen of the air, and the 
carbohydrjitcs available from molasses. One parti- 
cular strain of yeast, known as Tomlolysis utilis, has 
been found to he t)articularly suitable for this tyi)e 
of protein synthesis, and tliis discovery has been 
respon.sible for the i)resent widespread manufacture 
of food yeast. A further development which is not 
very remote is the making of fermentable carbo- 
hydrates from wood, thus envisaging a still greater 
reduction in cost. 


Deiiyoration of Food-.stuff.s 

The safe storage and (piick transport of fotnls 
is another problem that has troubled man ever since 
he began to crowd into cities and plan for the future. 
The inesent disturbed conditions havx' increased the 
problem a hii nd red. fold . Owing to the difficulties of 
shipping, weight and bulk must be kei)t down to a 
minimum. Whole armies are moved at extremely 
short notices from one front to another and often 
to jdaces where fresh fcMKl is impossible to secure. 
Paratroops and commando units which must be en- 
tirely self-sufficient when in action are put to a still 
greater strain in this rc.spect. And even in the boine, 
if one has land and labour, he can grow’ enough jieas 
or cauliflowers to last for the rest nf the year, ])ro- 
vided these can be cheaply preserved in such a manner 
as to retain their i)alalability and vitamin content. 

Drying, pure and simple, is the oldest known 
form of food preservation. Nature herself uses it, 
for sced.s, grains and nuts contain less than lo i^er 
cent of 'moisture regardless of the amount which may 
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have been present at the earlier stages of growth. 
During the war of 1014-18 substantial quantities of 
dehydrated vegetables were prejiarcd in Canada and 
the United vStates and shipped to Kurope for the 
use of the armed forces, but they were not popular 
and the kindest description of their flavour used to 
be that they resembled hay. The problem has been 
revived during the present war and with the in- 
creased knowledge of the behaviour of eir/ynies and 
vitamins the whole problem is now being tackled 
with a greater hope of success. The process com- 
prises three steps : (/) careful cleaning and chopping 
of the material into small pieces, (ii) blanching the 
l)ieces in steam or boiling water, and (Hi) placing 
them in the drier. The second step is of special 
importance. Until a few years ago, it used to be 
Ihoiiglit that the Vitamin C (ascorbic acid) in vege- 
tables is destroyed rapidly when they are hetited 
in the t>resence of air. It is now realized that it 
is an enzyme present in the cells which destroys the 
ascorbic acid when the tissues are damaged by 
bruising or by heat. Ihit, if the vegetables are 
scalded rapidly, the enzyme is destn)yed tirst so that 
the ascorbic acid remains iinaflected. 

Several plants for the dehydration of food stuffs 
have now sprung up in all jiarts of the world but it 
is difficult to make any prophecy regarding their post- 
war fate. Shortages of supply and the exigencies of 
the situation are bound to persist for a number of 
years even after peace has been restored. The great 
shortage of shipping and the crippled state of the 
railway system of Kurope may result in a serious 
famine so that dehydrated food would still be valu- 
able for at least two or three years to come, and 
meanwhile if the process could be i)erfected .still fur- 
ther so as to ensure the palatability and nutritive 
value of the dehydrated product and improve its 
keeping qualities, the success of the industry is 
assured. 

Animal IIrkkijin^ 

Turning now to the animal kingdom, we find 
that the achievements of the zoologist have been no 
less important. Jiirth control may be very good for 
the human population of certain countries, but who 
does not want his sheep or goats or cows to breed 
as rapidly as possible? Difficult though the problem 
may seem, it has been solved to a large extent 
already. Ordinarily a bull can .serve a maximum of 
80 to TOO cows in a year but with the modern 
technique of artificial insemination the same bull can 
fertilize ten times the number, for the greater control 
over the process in human hands makes it possible 
to employ much smaller quantities of the seminal 
fluid. Further, it is possible to store the sperms and 
to transport them by air to other countries so that a 


cow in England can be fertilized by a bull living in 
Russia, although the two are separated by several 
thousand miles. Experimental work is also in pro- 
gress to find out ways of feeding and managing good 
males with a view to increase their output of semen 
and to extend the length of their breeding lives; 

Whether anything similar can be done to in- 
crease the reproductive efficiency of the female is a 
question that has frequently been put and has so far 
pre.sentcd a more difficull problem. New hopes have, 
however, been rai.sed in recent years, by the admini- 
stration of suitable hormones it has been found 
possible to bring the female into heat at a time when 
she would normally not be ready to receive the male. 
Two crops of lambs have been obtained where onl\ 
0110 was po.ssiblc in llie past. Treatments have also 
been devised to cause the formation of more than 
one egg at a time so that twins and Iriiilels may l^e 
pniduced by onr cattle in jdace of the solitary young 
one which they normally produce. And .soniething 
even more striking has been accoiiqdislied by ilk 
development of a technique by w liich supernunierai v 
ova can be transplanted to the uleTi of other females 
wdiich would act as foster mothers from the earliest 
.stages of the animar.s development. It is claimed 
that by this method a dairyman would be able in 
obtain 10 to calves i)cr year from a single high 
yielding cow instead of the usual solitary one. To 
exidain the point further, let us take the instance 
of a farmer who has one cow of .superior breed and 
.several inferior ones. During the period of its lieal 
the first cow will produce a single egg ; instead (»i 
being allowed to remain in its body this could be n 
moved from here and transplanted into an ordin:u\ 
cow which could then be fertilized by natural or 
artificial means by sperms from a superior sire and 
would give birth to a calf in due time. Three weeks 
later the first cow- would jiroducc another egg and slu 
would continue to do .so every three weeks until she 
is herself allowed to become pregnant. By horiiioiie 
treatment mentioned before, the number of these o\n 
can be increased still further. By transplanting all 
these ova into scrub cows, the latter are made U) 
serve as foster mothers to a large number of good 
calves so that in a few years the farmer can build 
up a herd of a much superior breed in place of the 
inferior type with which he had started. It thus 
seems certain that we shall very soon begin to use 
our best cows for the production of eggs rather than 
milk, just as we use our best bulls for sperm produc- 
tion rather than for ploughing or other manual 
labour. 

Another equally remarkable discovery is the 
production of a fatherless offspring in the higher 
animals. Although accomplished several years ago 
in the case of frogs, attempts to imitate the process 
in mammals had until recently proved quite uii- 
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successful. About six years ago Dr. Pincus, an 
American Zoologist, removed sonic unfertilized eggs 
from the oviducts of rabbits and placed them in 
sterile glass dishes containing bloorl plasma or serum. 
He was surprised to find that out of 213 eggs so 
cultured 136 underwent division, so far as the 20 cell 
stage, but after a time they disintegrated, lly 
activating unfertilized eggs with salt solutions and 
afterwards transferring them to a suitable medium, 
Dr Piiicus succeeded, liowcver, in obtaining living 
baby rabbits from mothers who were virgins in the 
truest sense of the word. What wonder if this is soon 
achieved in the case of cattle and horses and even in 
human beings? It would be a great boon if a parli- 
I'ularly good cow could be made to reproduce pathe- 
iiogenetically and thus give a homozygous offsjiring 
in which tlie chromosomes of tlic ovum itself would 
be duplicated without any other interference. 


Mkdicai, Biouk;y 

Xot less striking have been the achievements of 
the biologist in the field of medicine. The name 
“Penicillin’* is on everyone’s lips these days, but not 
all know that it is a plant product which has been 
discovered by a biologist and which no chemist has 
yet been able to .synthesize in the laboratory. Prof. 
Alexander Plemniing, of St. Mary’s Ho.spital in 
fondon, accidentally noticed that a green mould 
(later identified as rcnicillium notixii 4 ni) growing as 
a contamination on his culture plates seemed to 
attack his c< 3 lonies of staphylococci which were seen 
to be (lissolving and disintegrating in its vicinity. 
Subcultures of the mould were therefore made to 
study its antagonistic behaviour towards other germs 
and hoon Prof. Flemming became convinced of its 
marked antibacterial ju-operties. The lapse of 
12 years between the discovery of penicillin and its 
IM'eparation in a form suitable for theraiieutic trial 
was merely due to the difficulty of concentrating and 
purifying it. 

Another life-saving device, known for many 
years but perfected only during and after the last 
war, is the practice of blood transfusion. Some time 
ill the year 1492, Pope Innocent VIII, then of an 


advanced age, fell into a condition which made it 
impossible for those attending on him to decide 
whether he was alive or dead. All medical treat- 
ment prc3ved to be useless, but one physician offered 
at last to heal and rejuvenate the old man if only 
the fresh bhjod of a youth was available. His i)ro- 
posal was at once accepted and three young men 
were bled to death but the Pope could not be saved. 
Similar experiments were tried by others on various 
subse(jueut occasions, but generally these proved to 
be extremely hazardous. The chief obstacles to the 
method w ere : llic clotting of the blood obtained 
from the donor and its freciueiit incompatibility with 
that of the ])atient leading to serious consecjuences. 
Vet the idea was right. These difficulties have been 
overcome during the present century, and to-day we 
have banks of stored blood available for inimediate 
use in the home, factory or fiehl, and it can be flown 
by air to other places as needed. It is interesting 
to know that in Russia 95% of the blood is given by 
women and every ampoule bears the name of its girl 
donor. The wounded soldier thus knows to whom he 
is indebted for the precious fluid which gives him a 
new lease of life. Romances often develoi) between 
these men and their once unseen feminine saviours 
and arc broadcast for their full propaganda value. 

Other feats of biological engineering like the 
grafting of portions of skin, bone, nerves and arteries, 
the transplantation of the cornea of a man who has 
just died to another who is alive but blind, and the 
manufacture of artificial limbs etc. have been accom- 
plished, which would have been regarded as nothing 
short of witchcraft in the days of our grandfathers ; 
but of these on a later occasion. Suffice is to say 
that biology has its full share of thrills and discoveries 
which make all the diflerence between health and 
disease, life and death, and hell and heaven. If the 
progrc.ss in this subject, as com]3ared with that in 
some other si'iences, api)ears to the outsider like the 
proverbial race between the tortoise and hare, this 
is merely due to the fact that biological research is 
always a long range affair and its ])uri)ose is the 
saving and betterment of human lives rather than 
their destruction. It is a pity that the latter has 
usually a greater appeal to popular fancy than the 
former. 
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SCIENTIFIC INSTRUMENT INDUSTRY 

liv inchidiii.L' ‘Sciciilific riistruincnts* iis a subject 
fur overseas trainin^^, the Governnienl of India, it 
appears, have recognized the significance of the manu- 
facture of scientific inslruinenls in this country. 
Successful execution of an intensive [nograniine of 
scientific and iiulustrial research in the post-war 
period, for which plans are being drawn up, will 
depend largely on tlie vSUpply of better and up-to-date 
instruments in great abundance. Manufacture of 
scientific instruments is mostly unknown in this 
country, and barring one or two entcrin'ising com- 
panies who have made some effort to make instru- 
ments, most others who style themselves as scientific 
instrument companies are mere agents of foreign 
manufacturers. The difficulties of these companies 
and their comjffete failure to sui)ply instruments for 
teaching, research and other purposes during the pre- 
sent war are too well known to need mention. Our 
hopeless backwardness in this direction is further 
reflected from the fact that until recently instruments 
used to be sent to foreign countries for small repair 
work, ft is futile to expect any real progress in the 
training of scientific workers in our universities and 
institutes, and for matter of that, in the broader field 
of research and development, until the manufacture 
of scientific instruments is undertaken in India in 
right earnest. 

The establishment of this industry, we arc afraid, 
will not be easy in the face of keen competition among 
foreign manufacturers for instrument markets, 'fhe 
rival firms of the United States, (heat Hritain, France, 
Italy, Czccho-slovakia and Switzerland, to omit 
Germany and Austria, in their effort to revive their 
trade after the war, will place real difficulties in the 
way of enter] nising Indian manufacturers. 

In an article in the Journal of Scientific Inslru- 
nienls, March, 1045, Dr Raginald vS. Clay apprehends 
such a competition and expresses grave anxiety so far 
as the llritish scientific instrument companies are con- 
cerned. Hefore the war Hritain lagged behind Ger- 
many and the U. S. A. in the instrument industry, 
and if Hritish products still sold well in India, 
Canada, Australia and other parts, it was largely 
because of political preference. During recent years, 
and particularly in the i>resent war, the United States 
has applied the i.iass-])roduction methods in the manu- 
facture of scientific instruments with decided ad- 
vantage. Further the major firm.s. Dr Clay reports, 
have so organized thenisi lvcs by voluntary agreement 


that a jiarticular firm is asked to concenlrale on the 
manufacture of a given scientific instruineiit. Tliis 
division of manufacture among the different firms has 
eliminated comiietition between firm and firm and has 
made possible mass-production and a consc(|uenl re- 
diiction in price. r{ach firm concentrating on a single 
instrument is now in a i)osition to provide grcalvr 
amount of money for research and maintain better 
research staff and cfiuipnients. This increased pro- 
vision for scientific research has assured constant im- 
l>rovemcnt in design and operation. 

In Kngland, on the other hand, each scientilii- 
instrument comi>any manufactures a variety of ai)i»;i- 
ratus and, instead of continuously producing a single 
instrument, makes a batch at a time. This has re- 
sulted in a high price for British instrument and a 
low jrnffit in the event of competition. Dr Clny 
suggests the reorgani/ation of the scientific industry 
after the American practice and recommends tlie 
following steps : Firstly, all the firms engaged in the 
manufacture of each type of instrument, sucli 
microscoi)e, electrical measuring, navigating or sur- 
veying instruments, or lecture apparatus, should com- 
bine into a group and divide the work among tin 111- 
selvcs by mutual agreement. For instance, the con- 
struction of a ccjiiiplicated instrument like micro^cop'- 
may be very conveniently divided among a niimhci 
of firms, one makiug students’ microscoi>e, anollK! 
petrological microscopes, another metallurgicnl 
microscopes, another high-class research microscopes, 
while the making of objectives for all of them imi'. 
be entrusted to another single firm. Second l> , entli 
group should .set up a joint selling agency wliicli 
would secure orders for the group and divide Hum 
among the constituent members. Thirdly, a C(»ni- 
petent design and research staff should be established, 
in which the knowledge and experience of all tlic 
firms ill the group should be pooled for the coinmoii 
benefit of all. This de.sign staff should not only he 
responsible for the good design of actual instruiiieiiU. 
but should also undertake to assist in the design cf 
tools and machines necessary for their maiiiifactuiv. 
A common re.search staff for the group and close e‘»- 
o]>eralion with the Central Scientific RcvSearch Asso- 
ciation will be very desirable. 

Dr Clay has laid great emiihasis on re.search in 
scientific instruments as an indispensable criterion of 
success for the industry. Men of high scientific calibre 
should be found to take charge of research, and attrae- 
tivc salaries should be offei:ed to them. There wih 
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l)c further need for qualified draughts-nieii, labora- 
tories, and vvell-ciiuipped workshops, and skilled 
mechanics to carry out the experiments, first as a 
])ieCL’ of research, then on a trial basis, and finally on 
productive lines. Assurance to these men of an 
interest in any invention witli which they are credited 
will be a great impetus for gooil and original work. 

Although Dr Clay’s suggestions directly concern 
the British industry, these merit close attention of the 
Indian manufacturers. As an appendage of Britain, 
we have a dangerous tendency to imitate British 
jjractice, regardless of its failure and shortcomings. 
Jn any such attempt care should be taken that their 
mistakes are not repeated and that full advantage is 
taken of their experience and difficulties. 
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RESEARCH EXPENDITURE IN AUSTRALIA 

Tiik Bulletin of the Australian Association of 
Scientilic Workers, February 15, 1045, has done well 
lo publish figures of exiienditure on scientific re- 
jsearch in Australia. An expenditure of 016 ijer cent 
(if national income conqiares favourably with the 
corresponding figure of o'l for Britain and 0 3 for 
the r. S. A. 

1 V> assist in the work of the Planning of 
Science Conference, an estimate of this expenditure 
was made last May by listing some 2^0 official and 
>emi-olficial laboratories, institutes etc., and filling in 
the annual exuenditure either (a) directly where it 
was known, [h] from the number of (pialified workers, 
where known, or (0 by assessing their probable 
mimlicr where unknown, 'fhe annual cost per ijuali- 
lied worker of the C. S. 1 . U. was evaluatetj without 
difficulty. It varieil between £ik)o for Information 
Section and £2jiK)o for Aeronautics, the mean of all 
workers being about ;C*i5oo. Five other laboratories 
j<ave a mean of ;Ci,2oo, and it was assumed that for 
most laboratories having little costly equipment, or 
no liigh ratio of assistants, the cost was ;£i,ooo. 

The expenditure by private industry could not 
be correctly estimated. Some conclusions were, how- 
ever, drawn on the basis of a study of 24 large and 
representative coiiii)anies with satisfactory ]>rovision 
for scientific research to their credit. 

The results of investigation tabulated below will 
convey a better impression as to the amount ex] ►end- 
ed on research in connection with a number of major 
branches of development. 

The Bulletin further quoted figures for expendi- 
bire in Britain on certain other items such as tobacco, 
drink, gambling and advertising, w’hich reflect her 
national characteristics. An expenditure of 3 per cent 

national income on tobacco, 2 per cent on drink, 
^ per cent on gambling and 2 per cent on advertising 
"ill certainly interest our readers. 


' Note : Tht'se fi>;iires arc especially tloiibtfiil. 


ENERGY AND VISION 

In his Sigma Xi National Lecture for the year 
1044 on ‘Fuicrgy and Vision* piibli.shed in the 
American Scicnlisl, July i044, lb' Selig Ilecht, of 
the Columbia University, discussed the interesting 
and highly puzzling (iiiestion as in how bright a 
source of light should be in order to excite the sen- 
sation of vLsion. vS. P. Langley was the first i)crvSon 
to have raised this (jiiestioii as early as iSS() and him- 
self undertook experiments to tlial end, employing a 
bolometer for the purpose, which he had recently in- 
vented. lie found that a minimum energy of 10 ” 
erg was necessary for the light incident 011 the eye. 
This was equivalent to about iolx) (pianta fin* the fre- 
(iiieiicy of light iise*d. His measurements attained con- 
siderable significance when Kiiistein in iqii dis- 
covered the Plioto-clieniical lupii valence Law. 

Langley’s results were later on called in ques- 
tion, and more refined and accurate ineasureineiits by 
subseciuent workers indicated a much Icnver value 
for the number of (piaiila revSi)onsible for the excita- 
tion of vision. This accuracy depended on certain 
oiJtimum physiological conditions not taken into con- 
sideration by earlier w'orkers. These conditions are 
that (i) the eye must be thoroughly dark adapted, 
(2) it should view a small field 10 minutes in diameter 
jdaced 20° off-centre, (3) there should be a definite 
ex]K)Sure time, say i/iooo of a second, and that 
(4) the light should have a wavelength of 510 m;i. 

From their recent exiieriments, Hecht and his 
collaborators concluded that the eye should receive 
lietweeii 54 and 148 quanta in order to see a light of 
wavelength 510 mfi. 'fhese results, significant as 
they arc, do not contain the complete solution of the 
mystery shrouding the mechanism of vision. All of 
the (pianta incident upon the cornea cannot reach 
the retina for the obvious reason of scattering and 
reflection from the various parts of the eye, such as 
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aqueous liiniioiir, crystalline lens, vitreous luiniour 
etc., through which light must traverse. A loss by 59 
per cent of the light of wavelength 510 ni/x appears 
very reasonable, so that nearly 26 out of 54 quanta 
may be assumed to be finally successful in finding 
their way to the retina. The retina consists of the 
sensitive elements, namely the rods and cones, of 
which only the rods are concerned with the process 
of vision. When a quantum of light strikes any of 
these rods, it starts photo-chemical reactions which 
result in the generation of sensory impulses tran- 
smitting through the bipolar cells into the ganglion 
cells and through the brain to the occipital certex. 
And vision is produed ! Clearly enough, each of the 
2b quanta cannot be so fortunate as to strike a rod 
and be absorbed. Dr Ilecht calculates that a 20 jier 
cent retinal absorption is a very probable figure such 
that not more than 5 to 14 (luanta are ab.sorbed by 
the rods to start the events which end in our seeing 
light. 

Di' Ilecht concluded his discu.ssion with two 
(lucstions : (1) Why do wc require 5 quanta, and not 
one, for the excitation of vision? (2) Why the human 
eye has been made so sensitive as to deal with single 
quanta when light is so iilenliful ? While no definite 
answer is available for the first, the biological law of 
natural selection is probably the answer to the second. 
‘The need for seeing other animals before they could 
see us for their ulterior purposes* is resiionsible for 
the increased sensitivity of our night vision. In 
obedience to the law of natural .selection, the animals 
devclo])ed more and more sensitive vision, and the 
limit will be reached ‘when a retinal rod cell is 
capable of being brought into action by one quantum 
of light*. 

THE DECIMAL SYSTEM OF COINAGE 

We heartily welcome the news that the Govern- 
ment of India are now seriously considering the ques- 
tion of introducing the decimal system of coinage. 
Under the present coinage system, the rupee is divided 
into 16 annas and each anna is divided into 12 pies. 
The proposal is that the rupee should be divided into 
100 cents and not into 192 pies. The present rupee, 
half rupee (equal to 50. cents), and quarter rupee 
(equal to 25 cents) would remain, but the lower deno- 
minations would be replaced by coins of the value of 
10, 5, 2 and I cents, with possibly also a y2 cenjt 
coin. This division has been suggested on the lines of 
the existing Ceylon coinage. 

A communication containing the proposal has 
been addressed by the Government to various 
Chambers of Commerce. The Government suggest 
that immediately after the cessation of hostilities, 
when sufficient supplies of nickel will be available, a 
huge recoinage programme will have to be under- 


taken. This would provide a unique opportunity for 
aiiy reform such as the decimalizing of the coinage 
.system in who.se favour weight}’^ arguments always 
existed. The advantages of the system are .so obvious 
that it lias gradually di.splaced all other forms in 
most of the countries with the exception of Groat 
Hrilain, India and certain other countries. Tlio 
system offers uniiarallcled quickness and simplifica- 
tion of calculations indispensable for modern trade and 
commerce. Before faking any practical step tho 
Government arc keen on receiving public siipi>ort 
which we believe will be readily forthcoming. 
During the difficult period of transition, however, 
bolh the system will be recognized side by side. 

Welcome as this move is, this rejiresents only a 
part of a much broader reform to be introduced in 
the present iinscicntilic system of weights and 
measures in vogue in India. We have on more than 
one occasion drawn the attention of the Govcrnnuiil 
on the urgency of this reform. The ceiilimeter aiul 
gramme syslem has been universally acclttimed as tk- 
most logical and scientific system calculated to im- 
mensely simjilifv and facilitate commercial and oiliL-r 
transactions. Britain*s insistent adherance to the foot- 
aiid-pouiid system, resting largely in national pride 
and distinction, must not be allowed, as in the 
to stand in the way of a very desiralde reform lone 
over-due in this country. 

MANUFACTURE OF FOOD YEAST IN INDIA 

In his report on the manufacture of food yeast in 
India, Mr Nanak Chand, Special Officer, Food J)er»ai(- 
ment, has indicated the pos.sibilities of producing tlnV 
important food item on a large scale and at a veiv 
cheap price. A committee, with Sir S. S. Bhatiiagai 
as Chairman, was appointed to examine to what ex- 
tent the manufacture of food yeast from molasses 
a practical proposition, and Mr Nanak Chand 
asked iv> report on the best methods for the disjKJsal 
of effluent from the factory and for the utilization 
the manufactured in'oduct from the nutritional ])oiiit 
of view. Their findings were that food yeast can he 
cheaply and profitably manufactured from surplus 
molasses and that, with the experience gained, there 
would be lio difficulty in producing more than 
tons of this highly nutritive stuff per annum. It is 
estimated that it will be available to the consunur 
at about 6 annas per pound. According to the reiiort, 
the cheapest and easiest means of disposal of the 
effluent consists in discharging it into a large river or 
canal. 

Pood yeast contains, among others, high grade 
proteins and vitamins of the B complex, in ^vhicll 
Indian diet.s, particularly of the poorer class, 
deficient. Food yeast can be very easily mixed with 
flour and atta, providing additional vitamins and pro* 
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tcins some of which are lost in wheat milling. An 
addition of 2 per cent food yeast does not affect the 
taste of bread, although the colour becomes slightly 
more brown. It can not be so mixed with rice at any 
stage of milling or cooking, but it can be a^oked willi 
curry or vegetables, mixed with spices and taken 
with milk or sweets so that rice-eating |)opulation 
may also share it without difficulty. The report re- 
commends the introduction of food yeast for civil 
consumption througli schools, hosjutals, health and 
maternity centres and other such orgaiii/ations. 

BIOLOGY AND GENETICS 

In a symposium on the “Applications of (lenetics 
to Plant and Animal Hreeding”, organized by the 
Ocnetical Society in London on Ai)ril 13, 1944, 
Dr C. 1). Darlington, President of the Society, said 
‘that genetic owes a debt to. plant and animal breed- 
ing both for its foundation and its development. If 
the purpose of agriculture in the future is to be the 
highest production, genetics will have tlie opportunity 
of repaying the debt*. 

Keferring to the breeding practices. Dr Darlington 
jiointed out that on the one hand common sense alone 
would sufficiently indicate the breeding programme in 
its initial stages. In grasses and forest trees, com- 
mercial i)ractice favours quantity of seed rather than 
(luality of fodder or timber. In cattle-breeding 
when the ])reed society, founded to improve cattle, 
has become f)rgani/.cd to prevent improvement, arti- 
ficial insemination is re.sorted to and no more econo- 
mical and fruitful jn'ogramme of geiietical research 
could be .suggested than the long-neglected survey 
of actual brealing practice and performances in Oreat 
Hritain to-day. 

On the other hand, there is the highly developed 
breeds of poultry and varieties of cereals where main- 
tenance and further improvement demand a skilful 
combination of elaborate techniques. The statistician 
is necessary for design and interpretation, the 
cytologist for cxidoration and creation, geneticist for 
planning and direction. 

In a two-day conference on “The place of 
Science in Industry**, arranged by the l>i vision of 
Social and International Kelation of Science of the 
British AvSsociation on January 12 and 13, Dr 
Darlington di.scus.sed the unit}^ and ])ovver of biology 
and referred to the implications of biology in the 
field of plant and animal breeding, of the control of 
diseases of crops, and of such human scourges as 
cancer. The teaching of biology is thirty years out 
of date, and that will delay the fruition of the unity 
iuid power. 

Sir Harold Hartley, summing up the discus.sions of 
the conference referred to the general agreement on the 


need for greatly increased sni)i)(>rt for research, and 
particularly for more endowment by the State and for 
muking a scientific career really attractive and giving 
the scientific worker full encouragement and freedom 
to work ill the way in which he can best develoj) his 
powers. He indicated of what had been done, and 
how much still remained of what was jiossible, if we 
harnessed the brain power of the scientific worker to 
the improvement of the prosjierity and welfare of the 
community. 

INDIAN CENTRAL JUTE COMMITTEE 

A RKi'oKT of the scientific investigations carried 
out on jute by the above Committee for the year 
*943-44 States that considerable progress was made 
during the year under review in agricultural research 
in producing selection (C. 41-KJ) that ripened 3 
weeks earlier while it gave practically the same out- 
turn of fibre as D. 154. 

Colchicine induced tetrajiloids (4 H-- 2iS) resulted 
in the stouter appearance and larger size of the stem 
and petiole due to an increase in the size of the cells. 
The fibre of such jdaiits was wider and its lumen 
almost double that in normal 2/? plants. This holds 
out a promising future. 

Ap])lication of nitrogenous fertilizers in deficient 
soils tends to reduce the length of the fibre, but this 
deficiency can be made good by applying potash. 
Potash manure proved very useful in controlling 
stem-rot disease. 

Prom tlie observations of the last five years it is 
evident that the fungus is seed-borne and this deijciids 
upon the extent of the stem-rot in the mother crop 
and tile amount of rainfall tow’ards maturity. 

Efforts were made to secure the adoiition of Jute 
canvas for charpoys for service use. Since then the 
technological laboratories of the committee have been 
able to spin fine yarns from jute, and the possibility 
of maniifactiiriiig jute or jute-cotton union fabrics 
has been taken up in hand. 

During the year under review, University 
schemes were carried out under the guidance of the 
professors-in-charge of the scheniLS viz., X-ray 
analysis of jute fibre under Prof. M. N. Saha, 
chemical utilization of jute and jute waste and bio- 
chemical investigations on the processes involved in 
the retting of jute under Prof. 11. C. Uuha, growth 
and development of jute fibre under Prof. B. C. 
Kuiidu, and impregnation of bleached or delignified 
jute fibre with suitable synthetic resins under Prof. J. 
K. Chowdhury. Satisfactory progress was recorded in 
each of the schemes as mentioned above. 

Indian Jute Mills Association are now’ manufac- 
turing many siieciality fabrics and new jute goods 
for war purposes, and the future of these depends 
on their price, durability and attractive appearance. 
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The revenue for the Jute Conunitlee unlike that 
for all other commodity comiiiiltoes, is derived not by 
a jute cess but by a statutory i:?rant from tlie Central 
Revenues, not exceeding Rs. 5 lakhs in any year. 
This grant is subject to the condition that they can 
profitably be spent in the year and naturally depends 
upon the financial position of the Government of 
India at the time. 

The Committee resolved that the Government of 
India should jirovidc for a non-lapsable grant of not 
less than Rs. 5 lakhs a year for the next five years, 
thereby safeguarding the position of the contract 
officers of the Committee. 

The Comniittee at its meeting held in January 
last further decided to approach the Government of 
India to create a Jute Fund, to allocate to it a rui)ee 
l)cr ton out of the existing Kxi)()rt Duly on Jute and 
Jute goods, and to place the entire i)roceeds of the 
bund at the disposal of the Committee. 

For the year 194.^-44, a grant-in-aid t)f 
Rs. 50,000/- and a further grant of Rs. 40,000/- for 
the extension of work of the Technological Research 
Laboratories were received from the (Government of 
India, lleiigal Government contributed Rs. .3,745/- 
and Rs. 1,000/- towards the scheme for Jnlc Research 
Sub-stations and for the scheme for dissemination of 
jute prices respectively in Ileiigal. 

A sum of Rs. 97,510/- and Rs. 1, 54 1^49/ - were 
expended for agricultural and technological researches 
respectively. Marketing and economic research and 
publicity involved an expenditure of Rs. 25,500/- 
and Rs. 26, 24^/- respectively. 

Extension of the Jute Agricultural Research 
Laboratories at Dacca into a * ‘Central Station** with 
the following sections viz. botany, Chemistry, Agro- 
nomy, Entomology, and Statistics is envisaged in a 
comprehensive scheme accepted by the Committee. 
Eastablishmeiit of five smaller “outstalions** at 
Kishoreganj, Rangpur, Jessore, Burdwan and Chand- 
pur are also recommended. This would involve an 
expenditure of Rs. 4,35,000/- non-recurring and 
Rs. i,.so,ooo/- recurring. The setting up of a Jute 
museum is also recommended. 

The utilization sub-committee has decided for 
mass demonstration and circulation amongst growers, 
an illustrated circular on the subject of jute pests 
and diseases and the remedial measures devised by the 
Committee. . 


INDIAN CENTRAL COCOANUT COMMITTEE 

In pursuance to an act (X of 1944) pas.sed by the 
Indian Legislature that received the assent of the 
Governor General on the 31st March 1944, the 
Government of India have now constituted the Indian 
Cocoanut Committee con.sistnig of the following 


members, with the Vice-chairman, Imperial Council 
of Agricultural Re.search as its President. 

The growers of cocoanut in India are represented 
on this Committee by two members nominated each 
by the Government of ^ladras and tlic States of 
Travancore riz. Sir V. R. Nayanar, Mr A. G. Soans, 
and Mr S. Krishna Iyer, and Mr G. A. Baker, 
respectively. One each by the Governments of 
Bombay, Bengal, Orissa, Mysore State, and Cochin 
State viz. Mr S. K. Kallapur, Mr vSadaruddin Ahmad, 
Rai Bahadur Baidyaiialh Misra, Mr A. C. Malle 
Ginvda, and Mr B. M. Peter respectively. 

The cocoamil oil industry is re])reseiiled by one 
meml)er nominated by each of the Governments of 
Madras, Travancore vSlate, Cochin Stalt and Indian 
Merchants Association, Bombay, viz., Sri Rao Sahib 
A. K. Mellon, Mr A. R. Sulaiman Sait, Mr K. P. 
Matlhavan Nair and Mr K. M. Anlia respectively. 

The Governments ot Madras, Mysore vState, and 
Travancore State are represented by the Directors of 
Agriculture, Madras, Mysore and the Chief Secretary 
to the Travancore vStatc respectively. The Central 
Government is represented by the Agricultural Coiii- 
mis.sioner with the Government of India. 

The Travancore and Bombay Chambers of Com- 
nierce are represented by Mr K. C. Karunakaran 
and Mr F. Q. J/)bb respectively. 

The Legislative Assembly of the Central Legis- 
lature is represented by Sir K. B. Jinaraja Hegde 
and Mr H. A. vSalher H. Ivssak Sait and the Council 
of Slate is represented by the Hon*ble Mr M. Cl. 
M. Chidambaram Cbettyar. 

Mr K. R. Xarayana Iyer, Mr D. 1). Malla|)pa, 
and Mr M. Sankara Mellon are nominated by the 
Governments of the Stales of Travancore, Mysore 
and Cocliin respectively. 

The act provides for the creation of a fund for 
the improvement and develoiunent of the cultivation, 
marketing and utilization of cocoamUs in India, to 
be ex]>euded by the Committee. 

A cess vdiall be levied and collected on all copra 
consumed in any mill in British India, whether pro- 
duced in or imported from outside Briti.sh India. A 
duty of excise at a rate not exceeding four annas 
per cwt. is to be fixed by the Central Government 
after consulting the Committee. 

The Committee shall be respon.sible for the 
improvement and development of the cultivation 
and marketing of cocoanuts and their utilization for 
the pfodiiclion of copra, cocoanut oil and cocoanut 
l>oocnac, (a) by undertaking to a.s.sist or encourage 
agricultural, industrial, technological and economic 
research, (b) by the supply of technical advice to 
growers, (c) by encouraging the adoption of improved 
methods of cultivation, (d) by carrying on propa- 
ganda in the interests of cocoanut industry, (e) by 
collecting statistics from giovvers, dealers, millers and 
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other sources on all relevant matters bearing* on the 
industry, (/) by fixing grade standards of copra and 
its products, {g) by recoinniending tlie maxi mum and 
minimum prices to be fixed for copra, (li) by advice 
on all matters which require attention for tlie deve- 
lopment of the industry, (/) by improving the market- 
ing of cocoanuts in India and abroad and suggesting 
suitable measures to prevent unfair competition, and 
(/) by adojiting any other measures which the Central 
C/overnment or the Committee may think necessary in 
order to carry out the purposes of the act. 

CENTRAL FISHERY RESEARCH INSTITUTE 

Dr. Baini Prasiiad, as Director of the Zoologi- 
cal Survey of India in a memorandum entitled ‘‘Post- 
war Development of Indian Fisheries” recommended 
the formation of a Central Fishery Research Institute, 
on the lines similar to those of the Agricultural 
Research Institute at New Delhi, Veterinary 
Research Institute at Mukteswar and I/atnagar and 
Ihe P'orest Research Institute at Dehra Dun. A five- 
year Ilian for the development of fisheries in India 
is also detailed in this memorandum. 

In tlieir hfteen-plan involving looo crores of 
rupees, the l.C.A.R. in their ‘‘Memorandum on the 
development of agriculture and animal husbandry in 
India** (with Sir Phero/e Kharegat as its Chairman) 
recommended the establishment of an Indian Central 
I'ish CommittLC, fisheries researcli stations (marine 
and inland) etc. It estimated a sum of Rs. lo lakhs a 
year for the fish committee and a non-recurring 
Rs. 20 lakhs and recurring Rs, 5 lakhs a year for tlie 
h'isheries Research %Station. 

In the second reiiort on Reconstruction Planning 
of the Reconstruction Coininitfee of Council 
“Pislieries”, also formed a part of their delibera- 
tions. They also concluded that a Central Fisheries 
Institute should be established as early as possible. 

Since then the Government of India ajipointed 
a Committee with ^Ir Imzul Ibrahim Rahimtoola as 
its Chairman and with 10 other members, includitig 
Hr Baini l^rashad (now employed as P'isheries Deve- 
lopment Adviser to the Government of India) acting 
as Secretary of the Committee, in »Septeml)er last, to 
examine the question of India*s Fi.sheries with a 
\iew to increasing the fish output in India. 

The report of this Committee has been aiqiroved 
by the Policy Committee of Agriculture, Forests, and 
fisheries of Government of India. Being the last 
the long series of Committees and reiiorts on fish 
and fisheries, it may be considered to be authori- 
tative and conclusive. The Government of India is 
k> be congratulated for the efficient manner in which 
•t-'ports on fish and fisheries have been multiplied in 

than 12 mouths. 


It is estimated by the Rahimtoola Committee 
that a .sum of Rs. 50 lakhs will have to be provided 
for, for carrying out their recommendations that 
would include the formation of Indian Central Fish 
Committee and 5 fishery research institutes (2 for 
marine and 3 for inland fisheries). They Iiave esti- 
mated that the total quantity of fish produced in 
India at present does not exceed 1,70,30,000 maunds 
and that is inadequate for the total population of 
of India. 

The establi.shment of Fishery Research Institutes 
should be given effect t(i at once by .supporting the 
work that is already being done at Madras with 
regard to marine' fisheries and in the Calcutta ITiiver- 
sity with the problems of estuarine and inland 
fisheries. The work of these institutes and similar 
institutes that may be established in other parts of 
India should be co-ordinated with the help of the 
Indian Central Fish Committee that should include 
representatives of universities and other non-official 
twganizations as members of 'the ti.sh trade. The 
(piestion of rehabilitation of the fishermen should not 
be lost .sight of and vshould have a priority over all 
other problems connected with the fisheries. 

A proper- develo])ment of the fish industry at 
one of the Indian ports, that would substantially 
increase the protein consumption in the country is 
stresses! by Dr B. C. Guha, Cliief Technical Atlvi.ser, 
Department of Food, Government of India. This 
would lead to the development of fish bi-t)roduct 
industry. India has much to learn from America in 
this resi)ect where no i)art of the fish was wasted. 
Kven the offal was utilized for cattle and poultry feeds 
after drying and scales were used for making glue. 


INDIAN INSTITUTE OF ART IN INDUSTRY 

Tiik Art in Industry movement, that originated 
in 1941, through the enterprise of Hurmah-vShell, 
with .support of six other commercial organizations, 
organized ‘Art in Industry Exhibition* for the last 
five years. The fir.st such exhibition was held in 
Calcutta in 1Q41, and the fifth one was held early 
this year in Bombay (see vSciKNCK AND Cui.TURH, 
January, 1945). 

After five years of pioneering work, a permanent 
All-India body viz. the ‘‘Indian Institute of Art in 
Industry’* was registered in Calcutta recently. This 
body has taken oxer all work in connection with Art 
ill Industry movement in India. 

I'hc objects of this Institute is to guide by all 
practical means the development of commercial art 
and industrial design and to encourage traditional 
handicrafts. It will serve as a link between artists 
and designers and industrialists, business men and 
citizen.s, organize art in industry exhibition, build 
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Up u i»or!iumc*nt collection of oiitstaiulinK examples 
of Indian applied art and act as a centre of infortna- 
lion on all aspects of art ai)plied to industry. 
Kescarcli into public taste, advanced trainiiif^ for 
teachers, exchant;e of information with other 
countries, publication of journals and bulletins, 
organization of clubs and libraries are some of the 
other aspects of the institutes’ activities. Cominlation 
of a register of commercial artists and designers and 
to put them in touch with trade and industry will be 
an useful task to be performed by this institute. 

It is understood that five experts in applied art 
will ])e lirought from abroad, to foster the 
institute’s activities. The institute will re(iuire a 
revenue of Rs. 5J4 lakhs a year and support is 
exiK:ctcd from Central and Provincial Governments, 
States, and from industrialists all over the ccjuntry. 

The institute is expected to jirove very useful 
during the period of post-war reconstruction and 
exi»ansioii, in harnessing the artistic talent in the 
country and ajiidying such knowledge for the sake of 
industry. 


PRESERVATION OF FRUIT IN U. K. AND U. S. A. 

Dprinc; his recent tour. Dr lb C. Ouha, Chief 
Technical Adviser, Department of food, Government 
of India, said tliat because of its size and enormous 
food production, America was the most advanced 
country in food technology, where there were many 
different types of dehydrating plants in use and the 
largest factrjry was manufacturing 17 tons of 
dehydrated cabbage per day as against an average of 
I to 2 tons of ])otaloes in an Indian factory. 

Fruit industry had a great future in India, 
provided, it was placed on scientific and economic 
lines during the war. During tlie 20 years great 
advances had taken place in refrigeration in America. 
Refrigeration was undoubtedly a better method of 
preservation than canning or dehydration, with regard 
to the retention of the original quality of the 
foodstuff but it required a large organization from the 
factory to suitable warehouses, to store the 
r ef rig erated 1 >1* od nets . 

Referring to the distribution of milk to 
“priority” consumers in Kngland, Dr Guha pleaded 
for the introduction of similar scheme in India, where 
he felt that under the present emergent conditions, 
healtliy adults should be entitled to milk only after 
the needs of children and expectant and nursing 
mothers had been satisfied. 


Dr Guha further stressed for the adoption of a 
more scientific food and nutrition policy for India, as 
has been done in England and attended with great 
success. 

The Government of India, have since then 
appointed a Committee of scientists with Sir S. S. 
llhatnagar as Chairman, Dr B. C. Guha as secretary 
and Drs. W. R. Aykroyd, II. vS. Pruthi, D. N. Bahl, 
M. Damodaran, Bashir Ahmad, V. vSuhrahmanyan, 
(i. Sankaran, K. A. Hamid, ^lajor Fisher of 
Q. M. G.*s Branch, Lt.-Col. C. V. Ramchandani, 
Sarder Baha<lur Lai Singh, Fruit Development 
Adviser and Mr D. R. vSethi, Agricultural Prtxluction 
Adviser, Government of India as members to tender 
advice on the scientific, nutritional and agricultural 
aspects of the processed food industry in India. The 
Committee will help in the sw'itch over of the industry 
from war to pence time conditions and aid in its 
develoi)ment in the interests of better nutrition and 
agriculture. 

BALLISTIC WORK OF RUPTURE OF TWISTED 
BUNDLES OF JUTE FIBRE 

In memoir No. 5 (Technological Research) of 
the Indian Central Jute Committee, Messrs, lb K. 
Chakraharti, K. R. Sen and C. R. Nodder, describe 
a method of mea.suring the ballistic work of rupture 
of bundles of fibre into which any desired degree of 
twist has been Inserted. The pamphlet is illustrated 
with a goodbrand balli.stic yarn tester, that is used 
for this ])Urpose with suitable attachments. With 
twisted bundles the variation of work of nqiture with 
tw ist is much the same as the variation of the strength 
of yarns witli twist. The results are derived with 15 
sanqiles of jute covering a wide range of fibre qualities 
and these tests w ill help in i)redicting what will ]>e 
the strength of yarn spun from .similar fibre. This 
method (twisted bundle) has special advantages tliat 
would help to increase the usefulness and precision of 
the measurement. 

The method would further give precise infor- 
mation regarding the spinning (piality of the fibre 
and therefore prove useful in grading work. 

DR H. K. SEN DEAD 

Wc deeply regret to announce tlie death of 
Dr Hemendra Kumar Sen, Director of Industries, 
Bihar, at his Calcutta residence on Sunday, the 3rd 
June, 1945. A full account of his eventful life and 
career will appear in our next issue. 
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mineral fertilizers with special reference 

TO THE SOIL OF BENGAL 

During the proceedings of the United Nations* 
Food Conference at Hotsprings, very iiiiportant and 
far-reaching decisions of great interest to the people 
of India have l)ccn taken. Sir Pheroze Kharegat \\ ho 
represented India at the conference has drawn our 
attcn^tioii to this most important resolutions that have 
heeii adopted, specially with reference to the use of 
fertilizers in this country, the need of manufacturing 
them in India and the possibility of starting indus- 
tries for which the necessary machineries and techni- 
cal skill could be obtained from the U. S. A. and the 
V. K. An intensive programme of industrial pro- 
duction of synthetic fertilizers is the first stei) towards 
raising crop-yield to meet the present and the future 
food requirements of the people. Accordingly, the 
(lovernmcnt of India finally decided to invite a 
Technical Mission from U. K. to advise on the pro- 
duction of artificial fertilizers in India. Headed by 
Mr C. S. (lowing of I.C.l., the Mission toured round 
India for selection of places for the establishment of 
the factory. The Mission also recommended that 
aiiuuonium sulphate should be manufactured in this 
country by the well-known Haber-Bosch synthetic 
process and gypsum should be used in place of sul- 
pluiric acid as is done in the works of the Imperial 
Chemical Industries in Bellingham, P'ngland as 
tile place for erecting the plant. The Mission, 
however, recommended Ilarduagunj, near Aligarh. 
A heated controversy followed the submission of the 
report of the.se foreign experts ; fortunately, how- 
ever, tlu final .selection of place for the establishment 
“f the first factory was unanimously decided at 
Sindri, near Dhanbad. Here the Government of India 
will manufacture 3,50,000 tons of ammonium sulphate 
per year. The (luestion which naturally strikes our 
uiind is how much this chemical fertilizer will be 
useful to develop and increase the crop of Bengal. 
At i)resciit only. 26,000 tons of ammonium sulphate are 
being annually produced in this country in the 
difierent by-product recovery plants in Jharia and 
Giridih coal-fields and 76,000 tons are being import- 

They are mostly used by tea-planters in Assam 
and Bengal and a part of it is being utilized by the 
coffee and tobacco cultivation in vSoqth India. 

A very important re.search work carried out at 
the University College of Science, Calcutta by one 

our colleagues on the effect of phosphorus defi- 
ciency on growth and nitrogen metabolism in paddy 
cultivation has proved that the absorption of nitrogen 
IS dependent on the supply of phosphorus. As the 


external concentration of phos])horus is varied over 
a wide range, the uptake of nitrogen by the rice- 
crop varies in Ihe same sense. Thus the uidake of 
nitrogen is found to deiKuid on phosphorus concen- 
tration, the greatest uptake being associated with 
the highest phosjdiorus level. The research shows 
that in the heavy soil of Bengal, where there is a 
definite phosphorus deficieiicv^ the addition of nitro- 
genous fertilizers like aiWiionium sulphate or 
ammonium nitrate would not be of great help lo im- 
l)rove the quality of rice or jute crop, and the e.xpec- 
tation of an yield of increa.sed output by the addition 
of this synthetic chemical fertilizer is far from .satis- 
factory. 

In Travancore State, where the soil is rich in 
phosphorus, the addition of ammonium sulidiale for 
the paddy cultivation proved to be very satisfactory. 
Travancore sands contain nionazitc which is a i>hos- 
pliate of rare elements and is derived from the peg- 
matite associated with charnockite rocks occurring in 
the neighbourhood of Travancore State. 1 'hercfore, 
the soil of the Stale is equally rich in phosphate, and 
nitrogen metabolism in the soil is favoured by the 
presence of this element when synthetic nitrogenous 
fertilizer is added to the soil. So the prol)lem which 
faces our province is to enrich the soil of Bengal 
with phosphorus before the application of ammonium 
sulphate as a fertilizer. 

There are two important phosphate de])osits in 
India — one at Trichiiiopoly in South India where 
there is a rich nodule phosjihate dei)osit and another 
not very far from Calcutta, within 150 miles from 
Calcutta, in Singhblium district. The mineral is 
known as Ai)atitc — calcium phosphate with chlorine 
or fluorine. 'Phis mineral contains about 25 to 30 
per cent of PjG.,. The most conservative estimation 
of the quantity of material available in some of the 
three known localities has given us a very encourag- 
ing figure. The minimum figure is about 700,000 
tons of this mineral containing 25 to 30 per cent of 
PmO.-,. The treatment of these phosjdiates and their 
use form a subject of research which should be 
attractive to some industrialists in this country. 
Nothing has been done in this line, either to find out 
more ore reserve or to find out a convenient economic 
method to manufacture superphosphate from this 
mineral, whidi is absolutely necessary for the soil 
of Bengal. 

There are other sources of phosphorus also avail- 
able, particularly from animal bone, but we can not 
expect a large quantity of this product considering 
the paucity of bones available and the big demand of 
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phosi)halc furlili/ors necessary for our Bengal soil. 
Sea- water may be coll^i(leretl to be another source of 
not only phosphate rock but also of various other 
materials. It has been calcuhited that the sewage 
from 5 million ]>cople is eijui valent to 17,000 tons 
rock phosi)hate i)cr year. Tlie population of Great 
Britain discards as sewage the c(}uivalent of 150,000 
tons of rock phosphate, most of which reaches the sea. 
An estimate t)f the annual ^osses of phosphate from 
all i)(>ssible sources to the sea in the V. S. A. amounts 
to an eciuivaleiit of bo million tons of rock. We have 
no idea about our Indian losses in phosphate. 
Researches should be done in this line to recover tliis 
imi)ortant rock-phosphate from sea-water and other 
important minerals from sea- water. The Salt DeiJart- 
ment of Travancore State is successftilly separating 
gypsum from their salt pans and is capable of pro- 
ducing a fair tonnage jier year. No such effort has 
yet been done in tliis province or in Orissa where 
there are many salt-manufacturing concerns near the 
sea. Marine gyi)sum when recovered from sea-water 
in part may be utilized in the Sindri factory at 
niiaiibad, wliere gypsum will have to be transported 
either fiom the ruiijab or from Rajputaiia. 

5 . D. 


GAMMEXANE - A NEW INSECTICIDE 

Tine Imperial Chemical Industries have recently 
developed a new insecticide, called gammexane, 
which is claimed to have remarkable toxicity against 
a wide range of insect jiests including locusts, 
weevils, iiioscpiitoes and hoiise-ilies. The story of the 
development of gammexane and its insecticidal pro- 
perties have been recently told by Dr Roland Slade, 
while he didivered his Hurler Memorial Lecture 
before the Liveri)ool section of the Society of Chemi- 
cal Indu.stry, of which a summary has a|>pcared in 
77 /c Clicjuical March 17, 1945. 

The new' insecticide is a sample of 1.2. 3. 4. 5. 6. 
hexachlorocyclohexaiie (benzene hexachloridc) , 
briefly known as '*666” from its formula CoHaClf,. 
The compound was made in 1942 by F.D. Leicester, 
a veteran chemist of the I.C.I.’s Widnes Laboratory, 
and tested for its insecticidal action by F. J. I>. 
Thomas with promising re.sults. Later on when pure 
si>ecinieus of the various isomers of 666 were prepared 
and sei)arately tested with a view to ascertaining 
which ])articular isomer was really the* active agent, 
V-isomer was found to be mainly responsible for the 
insecticidal action of the comp()und. The^- and i 3 - 
' isomers were 1 ‘latively non-toxic, / 3 -isomer being 
practically inactive. Dr Slade has suggested the name 
‘gammexane* for the v-isomer of 1.2. 3. 4. 5.6. hexa- 
chlorocyclohexane, which the active principle of 


666 and is present to the extent of 10-12 per cent in 
the crude material. 

Insecticidal j^reparations containing 666 have 
been produced in the form of powder, solution, 
emulsion, etc. The pow’der contains 20 per ctnt crude 
666 and 80 per cent gypsum and can be used on 
crops. 5 ])er cent .solutions of gammexane have been 
prex)ared by dissolving it in suitable solvents wdiich 
include methanol, xylene, carbon tetrachloride, per- 
chlorethylene, and decahydronaphthalene. These 
may be further diluted for use with kerovsene or other 
suitable oil. vStaple emulsion for use in the field has 
been produced by preparing a concentrated solution 
w'ith an emulsifying agent, for instance selected 
Turkey Red oil, and then adding water. 

The great stability of gammexane to high leiii- 
peraturcs has made possible its application in the 
form of smoke. Such smokes may be evolved by 
volatilization from hot plates or by other healing 
methods. The use of an insecticide in the form of a 
smoke has the advantage that it can be direelly 
applied against insects and, by giving rise to a U^\W 
lilm on walls, etc., can successfully attack insects 
alighting 011 them. 

(jammexaiie ads i)oth as stomach and contact 
l)()ison and also can be used as a fumigant. The 
nature of the interference of insecticides with the liL 
tu'oeesses of the cell is still largely unknown. It is 
believed. Dr vSlade pointed out, that gaininexane is 
probably absorbed from outside of the insect and is 
distributed tliroughoiit .some portion of the organism 
to the cells, blocking a vital reaction and ultimately 
causing the organism to perish. 


GLYCYRRHIZIN 

( iiACYKRiii 'IN is the sweet principle of the 
licorice plant wdiidi is a leguininous shrub grow ing 
a height of several feet. In his 26II1 SlrealhcM 
Memorial Lediire to the Royal Institute of Cheinis- 
tiy, Dr P. A. Houseman (Discovery, October, 194 1 - 
revcided that it was the sweetest compound available 
in Nature, being 50 limes as sweet as cane sugar. 
Its sweetness is delectable even at a dilution of i 
l)art in 20,000 parts. 

The jdant is grown in Spain, the Near East an<l 
other places. Glycyrrhiziii content of roots from the 
Near East varies from 10 to 14 per cent, whereas the 
Spanish root does not contain more than 6 to 8 i^er 
cent of the sweet principle. The plant bears bluish 
flowers, sends down a tap root and develops a thicket 
of runners. The runners are usually very long, some- 
times exceeding 25 feet, and thus play an important 
part in carrying 01^ propagation, as enough runners 
are left behind when the root is dug out. 

The extraction of glycyrrhizin from licorice is s 
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simple process. Roots are ground and treated with 
hot water, when the sweet compound appears in solu- 
tion and can be obtained by evaporation of the stdu- 
tion. A satisfactory chemical formula for glycyrrhizin 
remains yet to be determined. Tobacco manufac- 


turers, and not confectioners, are reported to lx* tiie 
largest consumer of the world’s supply of licorice 
extract. Its use in the tobacco industry has been 
favoured because b>bacco inoducts to which 
glycyrrhizin has been added do not dry out readil\ . 


THE PLASTIC INDUSTRY 

B. S. GIDVANI, 

ACTINC. niKl'CTOM, UhNOON SllKU.AC khSKAUCII UCKI-M' 


IJKlNd the i)ast twenty-five years of the current 
century, an entirely new kind of syntlietic 
material has been added to that small group of sub- 
stances known as Plastics. These materials are so 
striking in their projicrties and capabilities that they 
have succeeded to a large extent in replacing natural 
materials for certain applications. 

Plastics are materials, other than Plaster of Paris, 
clay or glass, which at some stage of their manu- 
facture are in a soft condition, permitting their being 
moidded into any desired shape. Until the end of 
the last W'orld War, these were limited to lac, pitch, 
asphalt, cjisein, celluloid and rubber. All these mate- 
rials could, under heat and/or pressure, be given any 
<lesired sh.a])e or form. Uac was mainly used for 
;.uaniophone records ; pitch and asphalt for battery 
cases ; casein for buttons, buckles and other orna- 
ments ; celluloid for combs, dolls, toys ; and rul.>ber 
for various articles. Their use was, however, limited 
(hie to certain inherent defects such as lack of 
^lrLngtll of shellac, inflammability of celluknd and so 
on. 

The chemical technology is so w ell advanced that 
it is now ]) 0 ssible to ])roduce materials with any 
desired properties. Synthetic materials free from the 
inherent defects of the natural substances have been 
produced, increasing the scope of their employment 
ill various industries. wSome of these synthetic plastic 
materials are as strong as steel, hard and tough, 
almost unbreakable, and are unaffected by atmo- 
spliere, acids and alkalis. Others are so resistant to 
llame, licnt and electricity as to approach mica in 
these properties. These plastics can be moulded into 
any shape or form by either a simple casting or by 
heat and pressure in a die and can also be produced 
ill sheet or tube form of great strength. They can be 
drilled and worked on a lathe like any metal. 

Others are produced in almost every known 
colour, some transparent like glass but unbreakable, 
and others translucent. Their range of application is 
varied and wide. 

Hastics are generally clasiiified in two groups, 
l^hermoplastics and thermosetting materials. The 


former group includes those materials which can be 
softened, moulded or sha]»ed by pressure with or 
without the apjdication of heat, retaining their new 
shape on cooling and releasing the pressure, biifwhich 
if desired can be relyciitcdly rcsoficucd by heal ami 
remoulded. The jinxess of moulding is thus 
reversible. The thermosetting plastics, in their 
original condition, can also be deformed by heat and 
pressure but in this case the action is irreversible 
i.e., once in their finished shape or “cured”, they 
cannot be resojlcned or remoulded. This final 
moulded shape remains rigid and hard when heated 
and carbonizes when a certain tcmt>erature is ex- 
ceeded . 

'file best known, belonging to each group are : 

-Cellulose, bitumen, Casein, 
Polystyrene resins, Polyvinyl resins. Polyacrylic 
resins. Polyethane resins, vSynthetic rul)bers. 

Thermos citing. — Phenol-formaldehyde resins. 
Urea-formaldehyde resins, Melamine-formaldehyde 
resins, (riyceryl-plithalates. 

The rapidity with which the plastic industry has 
developed is revealed by the astonishing number of 
new plastic materials produced during the present 
century. Milestones in the progress are:-— ic^og, dis- 
covery of ])heiiol-formaldehyde resins ])y Dr Baeke- 
land ; IQ14, industrial use of cellulose acetate, parti- 
cularly as a do|)e for stiffening fabric of aircraft 
wings ; although cellulose acetate had l)een known 
for several years, it was not until the production of 
aircraft dopes, that this ester was manufactured in 
(luantity, which in turn led to its use in many other 
fields including the production of artiliciai silk ; 
i()24, urea-formaldehyde resins discovered by a 
V'icnnese chemist named Poliak, which were first 
marketed as substitutes for glass but were too costly 
to compete with the ordinary glass ; iq.^ 5, discovery 
of acrylic resins which are optically almost iJerfect 
and have completely replaced ordinary glass in air- 
crafts ; 1937, production of polyvinyl resins from 
natural and cracked petroleum gases ; 1940, produc- 
tion of nylon which is considered to have immense 
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possibilities in the post-war days, particularly in the 
textile industry. 

The growth of the plastic industry has been as 
rapid as that of the industries with which it is asso- 
ciated -tlie electrical, radio, automobile and aero- 
nautical induslrics. The electric industry has been 
almost transformed In- these new materials and now- 
adays almost every electric instrument or apjdiance 
contains one or more parts fabricated out of plastics, 
'fhe rapid development and inii)rovements in the 
automobile and aeronautical industries have been to a 
great extent due to the idastic industry. Since 
plastics are generally much lighter than metals, they 
are particularly suitable for such aj)plications where 
high stresses are not likely to be encountered. 
Plastic materials are being increasingly used to en- 
hance comfort and i)leasure of travelling. No motor 
car oi- aeroplane in the modern practice is manufac- 
tured without Several of its parts made from [dastics. 
Iweii such a conservative branch of transport as the 
British Railways employ them to a great extent. The 
‘‘Coronation Scot” which was considered as the finest 
l)iece of railway engineering and the 1939 London 
Tube Trains made extensive use of plastic materials. 

Plastics have brought a beauty, colour, and a 
new form of art to life which had not been possible 
before— an art which is not merely imitative but 
original and creative as to be considered a worthy 
addition to the art materials of old. 

The ramifications of the plastic industries are 
varied and wide. Many industries, although using 
large (juantities of plastics, maintain an identity of 
their own, examples being grinding wheels, brake 
lining, idywood, printing inks, paints, varnishes and 
lac( piers, sandpaper, glues etc. 

The ])eiielration of plastic materials in the engi- 
neering industry has progressed ra])idly, not only for 
constructional work such as tanks for holding corro- 
sive liciiiids, but for pipes, pumiis, gears and bear- 
ings that have been found to outlast the toughest 
steel. 

The plastic industry is subdivided into 3 sec- 
tions namely, (1) inaniifacturc of synthetic resins, 
(2) production of i)lastic materials in the form of 
moulding j)owders, sheets, tubes, laminated boards 
1^:0., and (3) moulding and fabricating tlie plastics 
into the required finished articles. 

The third section is really a purely engineering 
industry, although some synthetic resin manufac- 
turers mould finished articles and some moulding 
firms make their own resins. But generally the 
moulding industry purchases sheets, tubes, powders, 
etc. 

The heavy engineering industry is naturally 
closely associated with, and has played a vital part 
ill, the development of the plastic moulding industry 
by designing and devi/loping luoulding presses etc. 


Designing of moulds is a specialized industry but 
many large moulders have a separate department for 
this purpose. 

Just as the backbone of the steel industry is the 
manufacture of ingots, so the backbone of the plastic 
industry is the production of synthetic resins. The 
most important basic raw materials from which these 
synthetic resins are produced are (i) coal, (2) lime, 
(3) i)etroleuni, (4J cellulosic materials including cotton 
and wood and (5) i)roteins such as milk casein and 
soya bean. 

From coal are obtained coke, benzol, toluol, 
plienol, cresols, cuinarone, indene, styrene etc. 
Coke on heating with lime gives calcium carbide 
which with water yields acetylene, an important starl- 
ing material for synthesizing a number of plastic 
materials of the vinyl type. Calcium carbide can 
also be converted into calcium cyanainide from which 
urea and melamine are obtained. 

Pctroleiiin gases on cracking are converted from 
paraffins to c()rresj)onding olefines, and by siiital)lv 
controlling the process butadiene is obtained. Buta- 
diene is the most important starting material for 
manufacture of synthetic rubbers. Vinyl coniponiuL 
can also be produced from pelrolexiin gases, for 
e.xample ethane is converted to ethylene which on 
chlorination gives ethylene dichloride. Vinyl chlo- 
ride is obtained from the latter coin])ound by trcai- 
nieiit with alcoliolic potash. 

Formaldehyde, an essential material for produc- 
tion of some synthetic resins, is obtained by oxida- 
tion of methyl alcohol. Methyl alcohol may be 
obtained either by distillation of wood or by lieatin.^ 
‘‘water gas” with a catalyst at 3oo-4oo®C under a 
pressure of 200 atmospheres. Formaldehyde when 
evaporated with airmonia solution gives hexaiiu- 
thylene tetramine, commonly called liexaiiiiiie, which 
is used as an intermediate in the manufacture t)l 
fonnaldeliyde resins. 

Acetic acid and its anhydride which are re<iiiircd 
for the production of cellulose acetate are obtained 
by the pyrolysis of wood. Acetic acid may also be 
produced by fermentation of inola.sses or may be 
synthesized by heating a mixture of formaldeluilc 
and carbon monoxide at high lemjjeratures and 
l)ressures or by passing acetylene through dilute sul* 
phuric acid containing a mercury catalyst. 

It is thus clear that successful development t>f 
the plastic industry depends upon a flonrishinu 
chemical industry. The basic raw materials are all 
available in India in sufficiently large quantities and 
there is no reason why a start should not be made 
on the production of some of the chemicals re(iuircd 
for the pla.stic industry. 

The two most important groups of synthetic 
resins for the plastic industry are the phenolic and 
urea resins. The raw materials re(iuircd for their 
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manufacture areu phenols, urea and formaldehyde and 
avssuminjj that sufficient quantities of these materials 
arc produced in India, a foundation of the plastic 
industry can be well laid. 

In an article of this type, it is not possible to 
deal with full details of the manufacture of either 
the chemicals or the synthetic resins ; nor can the 
above mentioned three sections of the jdastic 
industry be fully described. Such notes as are j^iveii 
below are intended merely for the better under- 
slaiidinj4 of the plastic industry as a whole. 


P 1 1 KNOI.-FORM A 1. 1 )K H Y I >IC R KS INS 

As their names imply, these resins are produced 
by reactinj* t)henol with formaldehyde under care- 
fully controlled conditions. Other phenolic bodies 
Miich as cresols are alsf) eiiqdoyed, the cresol resins 
l)ein^ of a lower jL^rade than the phenol resins. 

Phenol as already stated is a byproduct of coal 
distillation but, as the supi>ly althoui*!! considerable 
exceeds the demand, is also produced synthetically 
from benzene (another Cf)al-tar i)roduct). Fornial- 
(khyde on the other hand is obtained from methyl 
alcohol by distillation of wood or may be syiilhesi/ed 
from coal by way of “water Kas“. 

When phenols and formaldehyde are mixed, a 
clear licpiid mixture is obtained. 'I'he mixture on 
lieatiuR under controlled pll conditions reacts 
cliemically and water is split off. After the separa- 
tion of water, a viscous liejuid is obtained which 
solidifies on cooling. The resin at this stage (called 
the “A“ stage) is completely soluble in alcohol and 
can be fused and the final or the stage of total 

insolubility and infusibility is obtained on further 
reaction. The resin is in “H” or the iiiterinediate 
stage when the reaction has been allowed to proceed 
to such a degree that it has become mostly insoluble 
hut will fuse and flow under heat and pressure. 

The soluble resin in “A” stage is utilized for 
the following iiurposes : — 

J. Moulding Poivders . — These are produced by 
incorporating fillers, plasticizers, mould lubricants, 
dyes and pigments. Fillers used are wood flour, 
asbestos, mica, cotton flock, etc. and may constitute 
as much as 50% of the finished powdei. The pro- 
perties of the finished moulding depend to a great 
extent upon the filler, and by varying the quantity 
and type of filler mouldings with diflferent properties 
are obtained. The most commonly used filler is the 
wood flour which is the cheapest and gives (juite 
satisfactory results for many purposes. 

The incorporation of fillers and other ingredients 
IS carried out by either the wet or the dry process. 
The wet process consists in adding the fillers and 


other materials to an alcoholic solution of the resin, 
removing the solvent, drying, grinding and sifting. 
In the dry proce.ss, tlie solid resin is crushed, mixed 
wdth fillers etc., on hot rolls to a plastic stage (“H” 
stage), cooled, and ground to the required mesh. 

B. Cast Phenolic Resins.- -Instead of iiroducing 
moulding powders, the soluble resin may be cast in 
siiiqile inexpensive moulds to produce rods, tulK-^ 
etc., which may be fabricated into various objects 
by the usual machining operation generally enqdoyed 
with metals, for example working on a lathe, drilling, 
grinding etc. 

The phenolic resin used for casting is jiroduced 
undcT somewhat different conditions. Fheiiol and 
formaldehyde are reacted together at a comparatively 
low temperature in a pure nickel-lined kettle to 
t)revent discoloration. The resin is then dehydrated 
under vacuum and is agitated from 10-20 hours, after 
which ccfloiirs are added, 'i'he resin is then poured 
into moulds which usually are made of lead. The 
filled moulds are then i)laceil in an oven at about 
8o^C for 4-12 days, depending upon the base resin 
and the purpose for which it is used. 

The main advantage of this ])rocess is that neither 
heavy hydraulic presses nor expensive moulds which 
are essential with moulding [lowders are re(|uired. 
Lead moulds are simply and cheapl>' constnicled and 
after use are remelted and reused. Castings neetl not 
necessarily be in the form of rods, tubes etc. Life- 
size transparent figures have been cast by this simi*h 
technique. 

C. Lami Halt'd Products . — Sheets of |»aper and 
other absorbent materials are impregnated with 
alcoholic solution of the resin and, after drying under 
carefull) controlled conditions, cut into size to suit 
the processes available. A predetermined niiiiiber of 
such sheets, according to the recpiired size of the 
compressed board, are then piled on toj) of another, 
placeil between two highly ])olished metal sheets and 
pressed in a heavy hydraulic press. 'Hie laminated 
board is cured at about i7o®C under a pressure of 
o'5-i ton per sejuare inch. 'I'lie press may contain 
as many as a dozen “daylights” (platens) so that 
twelve laminated boards may be produced in one 
pressing. 

Laminated materials have been usetl for various 
applications, particularly for insulation, structural 
and engineering work. Noiseless gears and heavy 
duly bearings, for example, are made from a fal)ric 
baseil laminated material. Laminated wood has bLcu 
extensively used in the aircraft and other indust lies. 
Plyw’ood is another instance of lamination. 

Somc#of the important properties of mouldings 
of the three types are given below. 

Resides these uses, the soluble phenolic 
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resins are also used in the paint and varnish, industry 
but Ihis aspect outside the scope of the present 
article. 
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I lRK\-r()RM\UHCnVl)K Rksins 

I'rea is hmnd in urines but industrially is 
pre])ared by reacting ainiiionia with carbon dioxide 
to form ammonium carbonate which on loss of water 
gives urea. It can also ])e obtained from calcium 
cyanamide. 

Urea and formaldehyde when reacted under 
controlled condiliims form a syrtip, from which a 
solid, fusible, and water soluble resin is obtained. 
Like the i)henolic resin, urea resin is used for the 
I)roductioii of (a) moulding powders by mixing with 
tillers, and (b) laminated materials. 

The most generally employed fillers are the wood 
Hour and finely shredded jiaiier. Since the urea 
resins anil fillers are water white, mouldings with 
delicate iiastel shades which are impossilile to obtain 
with phenolic resins, can be produced by incoriiorat- 
ing suitable pigments and colours. The first plastic 
cui)s and saucers were produced from urea-resins, as 
they are both odourless and tasteless. The use of 
urea resins has considerably increased since those 
early days and many commonly u.sed articles are 
moulded from them, h'xamples are radio cabinets, 
translucent lamp shades, .screw’ tops for bottles, 
buttons, cigarette-boxes etc. Urea mouldings are 
extensively used in the electrical industry as, unlike 
the jdieuolic.s, they arc non-tracking. 

],aminatcd materials are produced from urea 
resins by impregnation and consolidation of the 
impregnateil paper in a manner similar to that 
described for the pheiiolics. The main use of the 
urea-laiiiiiiated board has been for table tops and other 
decorative work. 

Urea resin solutions have been extensively used 
as glues ill the manufacture of plywood and for 
bonding various other materials together Aircraft 
industry has used these glues extensively, example 
being its u.se in the fabrication of “Mosquito” 
lighter-bombers. 


Moui.DiNii and Fabrication op Pi^astics 

Various operations involved in the fabrication 
of objects from plastics can be divided into 5 groups 
as follows : — 

(1) Blowing or Shaping . — These processes are 
carried out with only thermo-plastic materials such 
as celluloid and acetate sheets and need not be con- 
sidered here as this article is mainly concerned with 
thermosetting phrstics. 

(2) Machining oj Plastics . — All plastics can be 
machined in a similar manner as the metal. Generally 
the thermoplastic materials are more easy to machine 
than the thermosetting idastics and in the latter 
group, those containing no fillers are simpler to 
handle. As already mentioned, machining operations 
are only carried out when the material is iiroduced 
ill either sheet, block, rod or tube form, by either 
casting, extruding or lainiiiatiiig. The.se machining 
ojierations are a common practice in engineering 
inactice and the usual high speed tools are einidoyed. 

(3) Extrusion of both tJurnioplastic and ihcrnio- 
selling plastics through a nozzle or a die. --In the 
case of thermosetting materials, the moulding powder 
is compressed anti heated at a low Icniperature to 
flow’ i>oint ill one chamber of the extrusion machine 
and then forceil by means of a plunger through a 
nozzle of siiii]>le circular 01 square cro.ss-section when 
a rod is required. In the case of tubes, a concentric 
mandril is inserted, the plastic being forced througl! 
the nozzle into the annular space l)etwceii tlie two. 
The die is progressively heated along its length to 
the curing tempcratiire. Tlic liiiished tube or rod 
is sawn ofl in convenient lengths after careful inspec- 
tion for faults such as scorching etc. 

(4) Injection Moulding . — This process is mostly 
u.sed for thermoplastic materials, altliough in recent 
years, thermosetting jilastics have also been inoiilded 
by this technique. In broad jiriiiciple the process is 
very similar to extrusion teclmii|iie except that w liere- 
as in the latter only tuixts or rods are produced from 
which finished I'lijects are obtained by niaclnniiig 
operations, in tlie case of injection mouldings, 
finished mouldings of the reiiuired objects an 
obtained. The proce.ss consists in softening the 
plastic material in one chamber of the iiijectitm 
machine and forcing the softened material iiy means 
of a piston into a closed mould. In the case of 
thermoplastics, the mould is kept cold and the 
pre.ssurc is maintained by the piston until the mould- 
ing is cold. The piston is then w'ithdrawn, tlie 
mould opened and tlie finished moulding ejected. 

In the case of thermosetting resins, the mould is 
kept hot and the nozzle is continuously cooled by 
water. A special conversion unit with thermocouples 
for indicating both heater and mould temperatures 
is, however, necc.ssary for adopting the standard 
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injection machines for nioukling thermosetting 
plastics. Injection moulding of therinosettiiij^ 
niatcrials is claimed to ^ivc a sliorter time cycle and 
more homogeneous and dense mouldings. Using an 
ecjui valent numher of mould cavities, the injection 
process would give 5 or b,. limes the numlicr of 
mouldings produced by comi)ression process in the 
same time. 

(5) Compression Monlding.—'Vhis is the most 
commonly employed process for llie tnonlding of 
thermosetting resins of phenolic and urea tyj)c. 

Heavy hydraulic or mechanical ])rcsses are 
employed, the platens of which are liealed by either 
steam, gas or electricity. The mould is divided into 
two parts, each of which is held on the platens. The 
moulds may cither be a single or a multi-impression 
one. In the latter case more than one moulding is 
obtained in a single pressing. A predetermined 
(piantity of the moulding powder or a compressed 
tablet thereof is placed in the lower half (jf the heated 
mould. The top half <if the mould is then slowly 
lowered, and at hrst a comj)aralively low pressure 


of about 300 lbs. per sep inch is applied. At this 
stage the mould is not fully closed. After a few 
seconds the pressure is increased to a little over 
1 ton per srj. inch and the mould is finally closed. 
Under heat and pressure, the powder softens and 
flows to nil every cavity of the si>ace between the 
two halves of the mould. 'l‘he teiniieralnre of the 
mould is kept at about r;o°C and the pressure is 
maintaineil for minutes de|)eiuling upon the 

size and tliickness of the moulding to fully harden 
or “cure” the material. The pressure is then relea.sed 
and the moulding removed by hand or ejected with 
special pins without cooling the mould. In most 
cases the moulding needs no further finishing o])era- 
tions except the removal of “flash” which is due 
to si|Ueezing out of the excess powder between the 
twi) halves of the mould. 

It need not be mentioned that a number of trial 
experiments are necessary to detennine the guantily 
of the moulding powder to be used and to find the 
best temperatures and Ume of curing before aii\' 
jiarticular object can be contininmsly nioiildeil. 
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PENICILLIN CONTROL ORDER 

'fiiK (loverinnent of India has promulgated an 
order for the preparation and manufacture of the 
aiiti-infective organii* acid i)enicillin, produced by 
I'rnicillium nolalum, 

‘Penicillin’ (crude filtrate), is the solution 
obtained by the filtration of culture containing i^ciii- 
cillin grown on or in a liquid or other medium or of 
extracts from such cultures. 

.‘Penicillin’ (dried crude fdlratc) is substance 
obtained by reducing penicillin (crude filtrate) to a 
dry condition. 

* Penicillin Salt’ is the substance separated by 
the apidication of chemical and physical processes 
iroiri the culture medium on or in which a mould 
producing iienicillin has been grown and reduced to 
a dry condition. 

Penicillin cannot be manufactured by any name 
other than the names mentioned above and should 
conform to the provisions of this order. 

The standard preparation is a ipiantity of a dry 
penicillin salt kept at the National Institute for 
Medical Research, Hampstead, London. 


Penicillin (ermh filtrate) containing less than i») 
units iMT c.c. and penicillin (dried crude filtrate) 
containing less than o’ 73 units per milligramme shall 
not be issued. Preparation of iienicillin intended fur 
Use in making solutions for parenteral injection shall 
contain less than 130 units of i>eiiicillin per milli- 
gram me. 

Following a conference in T.ondon in October 
last year, attended by rciirescnlative of Hrilain, the 
U. S. A., Canada, Australia and l^'ree France and 
specialists from South Africa and India, — with the 
advice of Sir Alexander Flemming, the discoverer of 
penicillin, an internatiimal agreement on a w'orld- 
wide uniform standard and unit of ixmicillin was 
reached by the Health Committee of the League of 
Nations. Announcing this decision. Sir Henry Dale, 
Iiesident of the Royal vSociety said that British 
manufacturers had made an agreement to pool all 
their information and to give all their results to the 
Medical Research Council and make the manufacture 
of penicillin a genuinely national effort. 

The Government of India have now decided to 
appoint a Committee to advise the Government on 
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the* steps to be taken to niaiuif act lire i:>enicillin in 
India. This decision was arrived at a meeting of the 
(joverning body of tlie Council of Scieiitilic and 
Iiulustriai Research held under the presidentship of 
vSir Ardeshir Dalai, Member for PlanniiiK and Deve- 
lopnient. 


INDIAN MINERS* HEALTH 

An acc»)nnt of the .general conditions of health 
and sanitation in the coal held areas of RaniMnnj and 
Jliaria is .eiveii inter alia in the Annual Report of the 
C'liief Inspector of Mines in India for the year ending 
December .u, iQ/12. The .ueiieral health of the 

mining population in Ranij^anj continued to be satis- 
factory and even indicated some improvement as the 
death rate i)er thousand of i)opulation fell from i()'4 
in 1041 to i2'b in i()42. The rate of infant mortality 
also declined from io5‘.s per thousand births in 1941 
to 85 in ic)42, and there* was also a fall in the birth- 
rate. Malaria, small-pox, cholera, leprosy and other 
diseases menaced the health of the mininji population 
as usual in the yQar under review. The A.saii.sol 
Mines Board of Health undertook intcii.sivc anti- 
malaria work in a larj^e number of areas where 
malaria was rampant. The outbreak of sniall-])ox 
was on a limited scale. For the prevention of cholera 
v\liich broke out in August, the sanitary dei)artment 
adopted intensive measures for the protection of 
water supply, isolation and (|uarantine along with 
detailed disinfection. The campaign against leprosy 
was carried out by the Board in co-oi)cration with 
the Asan.sol Leprosy Relief Association. The As.socia- 
tion was responsilde for tlie maintenance* of 14 leprosy 
clinics, a leper hospital, segregation camps for in- 
fectous cases and a staff of trained health visitors. 
Twelve maternity and infant welfare centres, under 
the* siipervi.sion of a medically c|ualificd Lady Sui)er- 
inteiident, .served 47 collieries, 71 villages and i 
town ; 5 welfare centres are now i)rovided with nialer- 
nity wards for admission of cases among miners* 
families. A higher standard of health than that of 
the general population was maintained among the 
colliery population in Jharia, which had a death rate 
<»f t>'75 thoii.sand in 1042 as again.st 8'oq in the 
I>revious year. The corre.si)onding iigures for the 
general population were i2'c)2 and I4\^7 for 1042 
and 1041 resi)ectively . I'here was a decline in the 
rate of infant mortality. Active measures including 
ma.ss inoculation, phage ailministration and disinfec- 
tion of water supplies were undertaken to control 
outbreak of cholera. The Jharia Mines Board of 
Health carried on maternity and child v elfare work 
at II centres and also pursued an anti-malaria .scheme 
by conducting surveys and giving technical advice to 
collieries for remedial measures. 


CAUSES OF DERMATITIS 

A REVISED edition of Health Practices Pamphlet 
No. 10, Skin Affections, published by the National 
Safety Council of the U. S. A., mentions a number 
of important factors causing dermatitis. Industrial 
workers in chemical aiK\ metallurgical works are fre- 
(luently exposed to these causes and may do well to 
take note of them by way of personal .safety. 

(t) Substances such as alkali, turpentine, and 
.soaps etc. act as detergents and keratin .solvents, that 
is, they remove the natural oil from the skin and 
.set up a reaction with the oils of the skin to increase 
.su.sceptibility to chemicals (cotton-seed and olive oils, 
alcohol and phenylene bases, and several aromatic 
hydrocarbons). 

(2) Desiccators and hygrosco]»ic agents such as 
.suliffiur dioxide and trioxide, nitrous anhydride, 
l)hosphorus pentoxide, nitric anhydride, strong acids 
and alkalis take water out of the skin and generate 
heat. 

(3) Heavy metallic salts and those which form 
alkaline albuminates in combining with the skin, 
mercuric and ferric chloride, and alcohol, tannic acid, 
formaldehyde, picric acid, phenol, and strong ultra - 
violate rays precipitate protein and tend to coagulate 
the outer layers of the skin. 

(4) Hydrolytic and electrolytic substances which 
unite with water of the skin and thus form irritating 
compounds or dis.sociate into irritating elemenls 
when in contact with water or electricity. Jvxamjdes 
are inu.stard gas, nitrate of ammonia, hexamcthylem 
tetraniine. 

(5) Oxidi/.ers, such as nitrates, chlorine gas, 
iodine, bromine, hypochlorites, ferric chhjride, hydn)- 
gen peroxide, chromic acid, permanganates, amna)nia, 
ozone and others. 

(0) Toxic nitro-derivalives which are solvents of 
es.sential skin constituents ; for exami)le, materials n\ 
this type are T.N.T., D.N.T., tetryl, ])icric acid, 
]>hcnols, cresols. 

(7) keratogenic and nco])lastic agents which 
stimulate abnormal growth and may cause dtlici 
malignant or benign tumours. The.se materials arc 
typified by arsenic, coal-tar ]wducts, i)etroleuni and 
.shale, and aniline and other dyestuff intermediates. 

(8) Biotic agents, vegetable and animal. 

(9) Allergic or anaphylactic f)njteins which 
produce antibodies in certain sensitive per.sons. 

(10) Photographic developers, tar, phenols and 
naphthols, aromatic and aliphatic hydrocarbons, salts 
of titanium, re.sorciiiol, formaline, paraldehyde ainl 
salicylic, formic, and oxalic acids act as reducers. 
These break uj) water on the skin and thereby free 
hydrogen which thickens the outer skin layer and, 
in strong solutions, causes shedding of the horny 
layers. 
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ABNORMAL CHLORINE CONTENTS OF VIOFORM 

A. DAS and S. L. MUKHKRJBK, 

RESRARCH SBCtlON, ALBERT DAVID LTD. (LABORATORIES), 


nnHE paper by Pal and others on “The Quality of 

Indian-made Synthetic Drugs — II”, in which a 
comparative laboratory and clinical study was record- 
ed of ‘Vioform’ of Ciba and of some Indian manufac- 
turers has certainly revealed some important facts 
which affect equally the manufacturers as well as 
the users of this drug. They recorded an abnormally 
high chlorine content in 'Vioform*, (iodochloroxy- 
(luinolinc) both Ciba’s and of some Indian manufac- 
turers, without offering any explanation of such abnor- 
malities and perhaps they did not realise the implica- 
tions of such abnormalities as to the purity of this drug 
in (luestion. The virtue of this drug as an effective 
anti-dysenteric remedy has definitely been established 
by many workers in the past (Leake, David ei al) and 
l)articularly due to the present shortage of emetine, 
tliis drug is finding an ever-increasing popularity with 
the medical profession of India to-day. 

Considering these factors and bearing in mind 
some recorded cases of gastro-intestinal irritation with 
continued use of this drug which contains a. high 
l)erceiitage of iodine coupled with N. N. R’s views to 
use this drug with caution in cases with liver damage, 
it is felt that this drug should be offered to the medi- 
cal profession in such an approved state of purity 
which will eliminate chances of untoward reactions 
f)ii i)rolonged and continued use of this drug. 

With this end in view the writers, while trying 
to explain the abnormality of chlorine content, were 


have exceeded by about 36 per cent over the theoreti- 
cal as shown in Table I. 

TABLE I 



M.P. 

Iodine % 

1 Chlorine % 

Vioform 

5-Chlor-7-Iodo-B-Hydroxy- 




quinoline (Theoretical) 

178-180°C 

41-57 

11-62 

N. N. R. Standard 
Indian-made Vioform 

Some Indian samples except- 
ing No. 9 sample as analyz- 
ed by Pal and others (Aver- 

178-180PC 

37S-41-5 

11-5-12-2 

age figure) 

Vioform (Ciba) as analyzed 

I76-7'’C 

4005 

15-88 

by Pal and others 

I77-5'’C 

1 

40-93 

15 1 


Some i)ossible explanation of this dispropor- 
tionate increase of chlorine values can be gathered 
from the following review of the different methods 
of synthesis of Vioform at present commonly utilized 
for its manufacture. 

. Flow .sheets of different methods of Vioform 
synthesis indicating possible sources whereby chlorine 
content of final product may be higher arc given 
below. 

In Process No. r, incomplete hydrolysis at stage 3 
may give rise to the presence of dichloroquinoline 
in the final product to influence higher chlorine value. 


I’rocess No. 1 : 

C,H, (Chlorinatioii)->C.H,CL (Nitratioii)->CJT,No,CL (Hydrolysis-^ C.H.No^ClOH (Reduction )->C.H3NH,C10H (vSkraup) 

1 2 MP55<H: MP 86-87®C 5 

5 * I 

C,H.OHNICl<-(I in litOH) C,II,OHN Cl 
Vioform MP \23^°C 

MP 17»-I80°C 6 

confronted with such facts as could not be dismissed In Process No. 2, chlorination of phenol at the ist 
lightly and needed clarification for general interest. stage may give rise to a mixture of ClOH (BP 

It is very curious, as was pointed out by Pal and 217^) CgHaCL OH (BP 2to®C) and if careful 


Process No. 2 : 

C.fLOH (Chlorination)->CJLCl OH (Nitration)->C.H,No,CT OH (Rcduction)->C.H,N 11,01 OH (Skraup)-> 


BP 2n®C 
2 


MP86-870C 

3 


C.H,OHN Cl (I in KtOH)->C,HpHIN Cl 
MP 123 -I 240 C Vioform 

5 MP 178-180OC 

6 


others, that while the melting point and the iodine fractionation are not effected as their boiling iioints 
content of samples analyzed by them were very close are very close, dichlorophenol is likely to remain in 
to the Standard, the chlorine content was found to some proportion in the and stage which on subse- 

6 
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(lucnt stages of nitration, reduction, and Skraup re- either dichloroquinoline or diochlorohydroxyquino- 
action, may eventually sliow off as dichloro-hydroxy- line. Further since phenol is available in India at a 
quinoline MP 178-iyg^C influencing higher chlorine reasonable cost, process No. 2 which eliminates one 
value of the final product. stage (hydrolysis) in the synthesis should gain favour 

Process No. 3 : 

C.H4OH (Nitralioti)-> CJLNo.OH (Reduction)->C.H^NH,OH (Skraii|>)-v C.H.OHN (lCh)-»C,ILOHIN Cl 
1 MP44-45®C MP 173-174®C MP 73®C Vioform 

2 3 4 MP 178-180®C 


In Process No. 3, at the last stage (4) of synthesis, with Indian manufacturers. Starting with phenol, 


where S-hydroxyquinoline had been subjected to the 
action of ICI3, the mechanism of reaction not being 
exactly known, the formation of Vioform may be 
explained in the following way: — 

(a) rCl;, at the first stage chlorinates and breaks 
down to ICI. 

{b) JCl subsequently effects iodinatioii. 

So in this process also, there is always a chance 
of chlorination proceeding a stage further than 
desired and thus presence of dichlorohydroxycjuino- 
line in the final product is not unlikely to account 
for higher chlorine value. Besides, on subsequent 
action of ICI, there may always remain a part of 
monochloro derivative unreacted. More curious 
is the fact, which is rather somewhat difficult 
to explain, that the action of ICI3 on 8-hydroxy- 
c|uinoline in a variety of media results in the in- 
variable formation of appreciable amounts of di-iodo- 
hydroxyquinolinc which in turn may give rise to 
higher iodine value of the final product. 

In the following table the possibilities of presence 
of different compounds in respective mode of synthesis 
with their iodine and chlorine percentages are shown. 



TABT/E IT 



Modes of 
synthesis 
followed 

Possible presence 
of diff. romp. 

Iodine % 

ChlorineX 

Process No. 1 

(a)CJT,OH INCI 

41-57 

11-62 


Vioform 




(b) Unreacted 


19-77 


C,H,OHNCl 




(c) c.ir,NCb 

... 

35-85 

Process No. 2 

(a) C,H,OHlNCl 

47-57 

11-62 


(b) Un reacted 


19-77 


C.H5OHNCI 




(c) C,H,OHNCh. 


33-17 

Process No. 3 .. 

. (a) C,H,OHlNCl 

47-57 

11-62 


(b) C.H,OHNT, 

(c) C.H.OHNCh 

63-97 

33-17 


(d) C,H,OHNCl 

... 

19-77 


Reviewing the first two processes of Vioform 
nianufacture, it is apparent that if proper purity con- 
trol at different stages is not maintained, the final 
product obtained may possibly be a mixture of 
Vioform, unreacted 5 -ciilorohydroxyquiaoline and 


the first step towards Vioform synthesis is chlorina- 
tion of phenol where a mixture of 4-chloro-phcnol 
(BP 2i7®C) and 2:4 dichlorophenol (BP 210^) is 
likely to be formed and since their boiling points arc 
rather closer, if proper fractionation is not effected, 
.2:4 dichlorophenol would naturally influence the 
final product. 

If we assume that this chance has been elimiiialed 
and at the penultimate stage of synthesis, 5-chloro-S- 
hydroxyquinoline is obtained in a good state of purit>' 
it becomes extremely difficult to account for such lii^li 
chlorine content in the final product only on the 
assumption that imperfect iodination has been effected 
at the final stage. The following table will offer a 
guide. 

TABLE III 

' % of unreactVd 

% of Vioform monochloro % of Iodine in % of Chloriiir 
MP 178-180®C Comp. the final mixt. in final mixi . 

MP I23-124°C 

95 5 39-49 12-02 

90 to 37-41 !2-43 

80 20 33-25 13-25 

75 25 31-17 13 65 

70 30 29-09 1406 


It is apparent from the above figures that im- 
perfect iodination cannot alone account for such hi>»h 
chlorine figure (15*88) in the sample of Vioform 
analyzed by Pal and others with such high iodine 
content and close melting point corresponding to the 
theoretical Vioform. Hence it can be assumed that 
the product at the penultimate stage of synthesis is 
not a pure product but a mixture of monochloro atul 
dichlorohydroxyquinoline which on subsc(iuent iodi- 
nation is converted into a mixture of Vioform, un- 
reacted monochlorohydroxyquinoline and unchanged 
dichlorohydroxyquinoline. 

From these figures possible explanations for in- 
creased chlorine content as well as close agreement to 
the observed melting point can be offered but increased 
iodine content as observed remains .still to be ex- 
plained. It is seen that with the increase in chlorine 
content, iodine figure should proportionately decrease 
but workers acquainted with iodinations of 5*-chloro-8- 
hydroxyquinoline with iodine in BtOH> should agree 
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with the writers’ personal experiences on this point, 
that at this stage certain amount of iodine is found 


TABI/H IV 


% of Vioform 
MP 178-180®C 


80 

85 

80 


% of Mono- 
chloro 

MP I 23 -I 240 C 

% of Dicliloro 

Final % of 

Mr 178-1790C 

Iodine 

10 

10 

33-25 

5 

10 

35-33 

5 

15 

33-25 


Pinal %of 
Chlorine 


14-50 

14- 18 

15- 25 


Assuming monochloro Compound to have been eliminated 


95% 

90% 

85% 

80% 



5 

39-49 


10 

37-41 

... 

15 

3S-33 

... 

20 

33-25 


12- 69 

13- 77 

14- 85 

15- 93 


to have been always adsorbed by the final product, 
and freeing the final product from adsorbed iodine 
entails thorough suitable washing and repeated crys- 
tallization. Ketention of this adsorbed iodine by the 
final product may iierliaiis be the reason why 
samples of Vioform examined by Pal and others gave 
a disproportionate increase of iodine value along with 
higher chlorine values, in close agreement to the 
melting point. 

So if No. a process of synthesis has been 
followed by manufacturers, it is possible that samples 
of Vioform examined by Pal and others are likely to 
have contained a mixture of about 8o per cent 
X’ioform, 15 per cent monochloro and dichloro- 
hydroxyquinoline with about 5 per cent adsorbed 
iodine. 

If process No. has been followed for Vioform 
manufacture and if proper purification of the final 
I»rodiict has not been effected, it is very likely that 
the final composition would contain a mixture of 
\'ioform, 5 : 7 di-iodo-hydroxyiiuinoline, dichloro- 
hydroxy quinoline and partly monochloro compound. 
In the following table different proportions of the 


TABLE V 


% of Vioform 

fo of 5 :7 
Diiodo Comp. 
MP 185-187°C 

% <if Dicliloro 

Final %of 

FinHl%of 

Ml* I78-180“C 

MP I78-179°C 

Iodine 

Chlorine 

95 

: 5 


42-68 

11-03 

90 

i 5 

5 

40-60 

12-n 

80 

10 

10 

39-65 

12-61 

75 

10 

15w 

37-57 

13-69 

70 

15 

15 

38-69 

13-10 

60 

20 

20 

37-73 

13-62 

80 

5 

15 

36 45 

14-27 

70 

10 

20 

35-49 

14-76 

55 

25 

30 

38-85 

16-34 

55 

30 

25 

42-05 

14-68 


possible mixed compositions are shown to explain 
^tich increased chlorine contents 

If Process No. 3 has been, followed, it. will be 


evident from the foregoing table IV that high 
percentage of both iodine and chlorine in the samples 
of Vioform examined by Pal and others can only be 
accounted for on the assumption of the presence of 
high percentage of both di-iodo-and dichlorohydroxy- 
qiiinolinc or else if chloro compound alone be present 
to cause increased chlorine perceptage then high 
iodine values observed can only be explained on tlie 
grounds of assuming iodine adsorption. 

Since both these factors seriously affect the 
quality of the drifg in question and may have adverse 
effect on its continued use, the writers felt it worth- 
while to conduct an independent analysis and frac- 
tionation of a few available brands of Vioform tablets. 
Hesides, the writers also synthesized, on a semi- 
commercial scale, a few samples of Vioform following 
different processes so as to acquaint themselves with 
the difficulties that are likely to arise from tlie manu- 
facturer’s point of view. 

(i) Results of Fractionation and Analysis of a 
foreign brand tablet, (Chart No. i, p. 554). 

Adding all the fractions together, the b^tal weight 
of solid recovered by HAC Kxtn. of tablets was found 
to be 1*28 gm. 

Results of analysis of different fractions of this 
brand : — 


Name of fraction Ic line % t'hlorine 

A 37-4 1108 

B 31-9 12-00 

C 39-18 12-07 

Average: 36-16 11*71 


From the above results it will be seen that with 
this particular lot of foreign brand tablets, the 
chlorine values of different fractions were always 
within the limits of Vioform and as regards iodine, 
excepting fraction B, the other two were within 
limits, suggesting thereby that on the average, the 
compounds used for the.se tablets were practically 
within the N.N.R. limits of Vioform. With this 
brand of tablets another striking feature was that no 
crystalline fraction was obtaineil having melting 
points below 177-178^0 and on fractionation and re- 
crystallization, a crystalline solid was obtained which 
gave a U? i82^C (fraction C) thereby casting doubt 
of admixtures of 5 : 7 di-iodo-hydroxyquiuoliiie (MP 
185-187^0). This was also ruled out by analyzing 
the fraction which gave comparatively better results 
to theoretical Vioform. 

Further, it was not possible to trace presence of 
free adsorbed iodine in tablets of this particular lot. 

(2) Results of Fractionation and Analysis of a 
local brand tablet, (Chart No. 2, p. 555). 

Adding all the fractions together, the total weight 
of solid recovered by HAC Extn. amounts to 113 gm. 

It is to be noted in this connection that both here 
as well as in previous experiment, some salt in crys- 
talline form was recovered from the filter papers used 
during filtration. 
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(I) A foreign brand tablet CHART I 

6 Tablets taken 
Total wt. 2*3 

Total wt. of Vioform declar- 
ed 1*5 gm. 

1st Extn. with Hot HAC 


Filtrate 
Evaporated 
to dryness 
wt. 12 ^ 111 . 


Filtrate 

water 

added 

_i __ 

l*pt Amorphous 
wt. 2 gm. 

MP 171®C 

Fraction 

A 


Filtrate 

water 

added 

i_ 

Filtrate 

neglected 




Crystal needles Residue 

Wt. -48 gm. 2nd Kxtn. with 

MP 177-178®C Hot HAC 

Fraction | 

Filtrate Crystal 

water needles 

added wt. ■28gni. 

MP 180“C 


Filtrate Ppt Amorphous 
Evaporated wt. *15 gm. 
to dryness MP 178®C 
•05 gm. 

Recrystallised 
from hot 
HAC 

...J 

Crystal 
wt. *37 gm. 

MP 1810C 


Ppt Amorphous 
MP I780C 


Residue 
3rd Rxtn. 
with Hot 
HAC 

_ I I 

Filtraite No Residue 

water crystals 
added 

1 

Filtrate Very slight 

neglected Ppt Amorphous 


Filtrate 

neglected 


Recrysiallised 
from HAC 


Filtrate 

water 

added 



*05 gm. 
MP 


Crystal needles 
wt. *2 gm. 

MP 

Fraction 


C 


Results of analysis of different 

fractions : 
(Chart No. II) 

Name of fraction 

Iodine % 

Chlorine % 

A 

29-25 

14-84 

B 

38-21 

13-04 

C 

31-32 

15-01 

Average : 

32 92 

14-29 


From the results of analysis of this particular 
brand of tablets, it would be seen that chlorine values 
of all the fractions analyzed were very much above the 
limits of Vioform and compared favourably with the 
results obtained by Pal and others. With the increase 
of chlorine value, iodine value on the average was 
found to be much lower than the theoretical, a fact 
which stands in contrast with the results recorded by 
Pal and others and explains the presence of varying 
proportions of chloro compounds in this brand of 
tablets. Besides, melting points of different fractions 
were found always to be lower than the corresponding 
fractions of foreign brand of tablets. 


It had not been possible to trace presence of free 
adsorbed iodine in tablets of this particular brand. 

(3) Another local brand : 

Peculiarities were noticed in this brand of tablet> 
from which it was not possible to crystallize iodo- 
chloroxyquinolinc readily either by HAC or alcohol. 
But some dark coloured semi- crystalline solid 
separated on keeping the extracts for over a week 
or so, a phenomenon which is most unusual with 
pure Vioform. Hence no fractionation of this brand 
was possible but an* analysis on this brand of tablets 
was made. 3 tablets weighing i‘ 2 io gm. were 
crushed finely and an average weight of a single tablet 
0*4034 gni* were utilized for analysis. 

Results of Analysts Iodine% Chlorine% 

26*3 11*2 

PVom the difficulties experienced in crystalliziu^? 
as. well as from the disproportionate values of iodine 
and chlorine recorded on analysis, this brand of tablet 
falls far short of Vioform requirements. 
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(2) A local brand tablet 


Filtrate 

water 

added 


. CHART II 
6 Tablets taken 
Total wt. 3*09 gm. 

Total wt. of Viofomi declar- 
ed 1-5 gm. 

1st Extn. with Hot HAC 

1 


Filtrate 
Evaporated 
to dryness 
wt. 0 05 gm. 


Ppt Amorphous 
wt. 0*18 gm. 

MP 1620C 


Fraction 

A 


Crystals needles 
wt. 0*42 gin. 

MP I710C 
Fraction 
B 
I 

* Recry stallised 
from HAC 

Crystal needles 
MP 176®C 


Residue 
2jid Kxtii. with 
Hot IIAC 


Filtrate 
Evaporated 
to dryness 
wt. 02 gm. 


Filtrate 

water 

added 

Ppt Amorphous 
wt. *12 gm. 

MP legoc 


Crystal 
needles 
wt. 0*2 gm. 
MP 173*5°C 
Fraction 
C 


Filtrate 

water 

added 


Residue 
3rd Extn. 
with Hot 
HAC 


Crystal 
needles 
wt. 0*04 gin. 
MP I75°C 


Residue 
4th & 5th 
Extn. with 
HAC & AhC 
respectively 


Filtrate 

neglected 


Ppt 

wt. 0*05 gm. 
MP I70«>C 


Filtrate 

water 

added 

. I 


Crystal 
needles 
wt. *04 gm. 


Re.sidue 


Filtrate 

neglected 


Recrystallised 
from HAC 

Crystal needles 
MP 1780C 


Ppt Amorphous 
wt. 0 01 gni. 

MP 171®C 


(4) Crystalline sample obtained through the 
courtesy of a local manufacturer : 

Sample received, light brown 

in colour, MP 180°C, was 
repeatedly recrystallised , Iodine 
from hot HAC and a frac- 
tion obtained MP. 1820C 40*9 12-40 

crystallizing in needles, was 
finally analyzed. 

(5) Crystalline sample of Vioform synthesized in 


Results of Analysis 

Chlorine % 


Results of analysis 

MP 

Iodine % 

Chlorine% 

Asj^omed by Bio. Chem. 
otd. Eab. 

performed by A. D. bab. 

178°C 

179-80% 

41*5 

41 02 

11*08 

11*45 


It is obvious from the preceeding results that no 
consistent analytical values were obtained from the 
different brands of \'ioform analyzed by us and Pal 
and others. Only one sample out of a dozen or so 
was found to be within N.N.R. limits. In most cases 
chlorine values uere very high indicating presence 
of liigh percentages of uudesired chloro compounds. 
Considering the importance of this drug it is felt bv 
the writers that a proper standard should be fixed for 
\Toform and only those that come within the standard 
should be marketted and used in India. 

Comments on N. N. R. Standard and Suggestion 
FOR ITS Modification 

N.N.R. limits of iodine and chlorine had been 
fixed on the manufacture of Vioform based on iodina- 
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tion of pure 5-chloro 8-hydroxyquinoline as indicated 
in process No. i and 2, the then known and avail- 
able mode of synthesis. In fixing limits, special 
attention had been given on the purity of 5-chloro-8- 
hydroxy compound and in subsequent iodination it 
had been assumed that 00 per cent conversion of 
5-chlor() compound into 5-chloro-7-iodo derivative 
would give the basis of an acceptable standard. So 
it would appear from the following calculations that 
N.N.R. limits had been fixed working approximately 
on the above basis. 

Iodine % Chlorine 

(1) 90% Viofomi 

10% Monochloro 37*41 12*43 

(2) 100% Vioform Tlieoretind 41*57 11-6 

By repeated recrystallization from HAC, of the 
mixture (i), pure Vioform can be separated eliminat- 
ing the monochloro derivative entirely. 

Jt is of special interest to note that in N.N.R. 
limits no attention had been paid to the possibilities 
of an increa.sed iodine content and a decreased 
chlorine content over the theoretical which lend 
further support to the views exprcs.sed that N.N.R. 
limits had been fixed on the information then avail- 
able about its synthesis from 5-chloro-8-hydroxy- 
iiuinoline, which not only entirely precludes chances 
of increased iodine percentage but on the contrary 
points out that should complete iodination be not 
affected, iodine value will be lower and consequently 
chlorine values slightly higher than the theoretical. 
Since the efficacy or otherwise of a product depends 
on its purity, allowing of 10 per cent impurities on 
a synthetic product which can be made to state of 
chemical purity, should naturally be considered to be 
very generous and may have some justification con- 
sidering that Vioform is an oral preparation. Besides, 
lower iodine value and consequent increase of 
chlorine value had been suggested, bearing in mind 
the fact that Vioform contains a high percentage of 
iodine and is thereby attended with risks of iodisni. 
But since there is a possibility of synthesizing 
Vioform by process No. where there is a chance of 
5 : 7 di-iodo compound being formed in addition, 
there is every likelihood of the product manufactured 
by this process to show^ a slightly higher iodine con- 
tent and a consequent and proportionate decrease of 
chlorine content over the theoretical. Considering the 
importance and increased use of this drug in India 


for the control of amoebiasis, it is felt that a proper 
standard should be fixed for the drug in India, after 
due consideration of the various processes now known 
of Vioform manufacture, and bearing in mind as well, 
the necessary economy of its commercial production, 
as a manufacturer, our suggestion to this end is that 
it would be fair, just and .safe .should the limits 
be fixed as follows: — 

MP 17a~181®C, Iodine % 38-42, Chlorine % 11-12. 

Summary and Conci^usion 

With pure samples of Vioform, following N. N. 
R*s method of analysis of chlorine and iodine — results 
corresponding to the theoretical values are obtained. 

Pal and others obtained about 36 per cent higher 
chlorine values in all samples of Vioform analyzetl, 
iodine values remaining within theoretical limits of 
Vioform. 

Possibilities of increased chlorine content arc 
indicated and explained by referring to different pro- 
cesses of synthesis. 

Samples of Vioform giving about 15 per cent 
chlorine values are likely to contain such high per- 
centages of mixture of monochl<)ro-and dichloro- 
hydroxyquinoline that serious consideration should 
be paid before accepting these for general use. 

There was found no consistency in iodine and 
chlorine values of the different samples of Vioform 
analyzed by us and Pal and others suggesting that 
no hard and fast standards are followed during their 
preparation. 

(.)ur results differed from Pal and others in tlii>. 
respect that where higher chlorine Values were re- 
corded, there was always proportionate decrease ul 
iodine values. 

During fractionation of tablets, a fraction having 
a MP of t 82®C was obtained which gave on analysis 
iodine and chlorine values correspondingly closer ti) 
Vioform. 

Fixing a proper standard based on different 
methods of synthesis is urged for Vioform to bo 
marketted in India. 

Referencef 

1. Pal, J. C., Mukherji, B., Gupta, J. C. and Chatlerjee, 
M. b., Ind, Med. Oaz,^^79, 460, 1944. 

2. beake, C. D., /. Amer. Med. Ass., 98, 195, 1932. 

3. David, N. A. and others. Ibid., 100, 16^, 19^. 
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^^Diagnostic Methods in Veterinary Medicine”. — 

By G. F. Boddic. Published by Oliver Boyd, 

Edinburgh, Chaps. XIX and 316 pages. Price 

15 shillings net. 

This book is a further addition to the series of 
manuals which have emanated from the Edinburgh 
Veterinary School since the days of the late dis- 
tinguished Principal, Dr O’Chaniock Bradley. The 
l)rcscnt author is now Professor of Medicine in this 
College. 

P'irst, there is an account of how to make a 
general clinical examination of the animal, hdlowed 
in successive chapters by more special accounts of 
the examination of organ systems. The rest deals 
with allergic reactions, collection of material, urine 
analysis, methods of bacteriology and helminthology 
as applied in clinical practice, clinical haematology 
(C'hapter by H. H. Holman), and post-mortem 
lechnique. It is pointed out that with animals there 
arc special difficulties because they cannot speak and 
also because through fear or pain they may actually 
oI)Stnict the examination. Many of the illustrations 
are line drawings showing regional anatomy of the 
(If)mcsticated animals. As the author properly t'oints 
out, tlic basis of diagnosis must be a sound know- 
ledge of anatomy, physiology and pathology, assisted 
hv a close actjuaintancc with the appearance and be- 
haviour of the animal in health. Some of this know- 
ledge can only be acquired by actually working with 
animals, by living and working on a farm. The 
progress of preventive mctlicine in turn rests on an 
accurate diagnosis. In diagnosis, clinical examina- 
tion forms the basis, while various laboratory methods 
are of the nature of aids to diagnosis. The final 
assistance may be derived from a post-mortem exami- 
nation of one or more individuals of the herd. 

The reviewer has formed a good opinion of this 
hook, which is intended for students, teachers and 
practitioners. The information is clearly expres.scd 
and is amplified by very numerous examples. A 
person who reads and studies this book and is forti- 
fied by practical experience cannot fail to become a 
good veterinary practitioner. The only pos.siblc 
eriticism is that rather too much is made of clinical 
niceties and rather too little emphasis laid on labora- 
tory procedures which may be decisive in diagnosis. 

The publishing work is of the high quality one 
is accustomed to expect from Oliver & Boyd, parti- 
<'ularly as this is a wartime book. 


Manufacture of Lead and Slate Pencils. — By N. 

NT. Godbole, Principal, College of Technology, 

Benares Hindu University. Price Rs. 4/-. 

The booklet gives a general idea of the raw- 
materials graphite, clay, wood for the manufacture 
of lead and slate pencils as also the methods of these 
manufacture ; although it cannot claim to be help- 
ful from the point of view of technology, it is cer- 
tainly valuable for general industrial education and 
for cottage industries. All the artii les were written 
near about rgiy and although tlie industries dealt 
with have imich advanced in India and as stich have 
not been reflected in their jircscnt advanced condi- 
turn in the booklet, they give a historical back- 
ground of much readable information. M. (r. 

Post-War Reconstruction — A General Survey — By 

Prof. Maneck H. Pithawalla, Karachi. 

Prof. Pithaw^alla has come otit witli a general 
discourse on princii)les of Planning for Post-War 
World. The readers have been presented with a 
number of technical plans by cminettl authors. This 
one is a happy digression in that it advocates a cltange 
of heart before a change in economic structure is 
contemplated. We agree with Prof. Pithawalla that 
there has been 11 > projxT study and understanding 
of mar and his aspirations in the different parts of 
the world. To-day everywhere there is much of dis- 
trust and jealousy, rivalry and haired among man- 
kind. The author has given his own suggestion for 
a new approach. These could have been made more 
comprehensive. K. B. 

Geography and the World War. — By Prof. Maneck 

B. Pithawalla, Karachi, i()45. Price Rs. 1/8/-. 

In a short compass of seventeen pages Prof. 
Pithawalla has attempted to show the influence of 
geography behind current history and tried to indi- 
cate the lines on which post-war developments are 
to be tackled so that wars may be avoided in future. 
The present war more than any other wars has 
focussed the attention of people to the importance 
of a geographic basis of viewing things. Prof. 
Pithawalla’s pamphlet will stimulate thoughts in this 
direction. Geographical causes of the war, the way 
in which strategy is dependent on physical features, 
to what extent people can overcome the effects of 
abrupt changes of climate etc. are some of the aspects 
stressed in this articles. One may not fully agree with 
the views sponsored by the author in course of his 
discus.sion, but will surely appreciate the discourse. 

K. B. 


F, C. Af. 
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LETTERS TO THE EDITOR 


[The editors are not responsible for the views expressed in the letters. 


1 


ON A METHOD OF CONSTRUCTING A CYCLIC SUB- 
GROUP OF ORDER p+1 OF THE GROUP OF LINEAR 
FRACTIONAL TRANSFORMATION MOD p 

If is a prime, it is well-known that the linear 
fractional transformations x*~(ax f h)/(ca; 4 -d), (mod 
p) form a triply transitive group of degree p + J and 
order />(/>*- 1), which contains a cyclic subgroup of 
degree and order p — i (Cf. Carmichael, Groups of 
Finite Order p. 366). Wc here give a method of 
constructing a cyclic subgroup of degree and order 
/>4 I. If x^=--aix+a2 is the equation satisfied by 
any primitive element of a, and b belonging 

to GF(/7), llien the desired subgroup is generated by 
the transformation a^l (Oy \ x). 

The result can be easily generalised to the group 
of order which we get if a, h, c, d are 

marks of GF(f>"). 

R. C. Bosk 

S. Chowla 

Calcutta, 3 j -8- 1 944. 


PHOSPHORYLASES FROM POTATO TUBERS 

The t)hosphorylasc isolated from local potato by 
following Ilancs* method’ was found to be always 
associated with a strong phosphatase (glycerophos- 
phates as substrates). This latter enzyme could be 
removed by adsorption on kaolin and also bn 
Alumina Cy. Adsorption on Alumina Cy proved to 
he of special interest since it showed the possibility 
of occurrence of two different phosphorylating 
enzymes (we call them phosphorylase A and phos- 
phorylase B respectively). Phosphorylase A is 
adsorbed by Alumina Cy whereas the other is not. 

For the separation and purification of these two 
enzymes, the following procedure, which differs in 
some respects from that of Hanes, was finally 
adopted. 

Separation of the enzymes.— ThQ crude potato 
juice was frozen without delay at a low temperature. 
The frozen mass was thoroughly crushed and the 
enzyme was eluted out with cold dilute ammonium 
sulphate solution. (As far as practicable all opera- 
tions are conducted at or below O^C and with toluene 
or chloroform as preservative). The mixture was 
centrifuged ; the supernatant is found to contain a 
slimy substance which prevents the settling of the 


crude enzyme precipitate when the ammonium 
sulphate concentration was sufficiently increased, 
BaSo4 precipitated inside the liquid mass by addition 
of a few drops of BaCU solution was helpful in 
removing this interfering substance. After centri- 
fuging Qff the BaS04 precipitate, the enzyme was 
precipitated by addition of saturated ammonium 
sulphate and centrifuged hard or filtered. The crude 
precipitate was then suspended in ice-cold water and 
precipitated at 0*5 saturation of ammonium sulphate 
(phosphorylase A). To the filtrate was added more 
ammonium sulphate and left overnight in the refri- 
gerator. A small precipitate formed and was filtered. 
This was also found to contain phosphorylase activity 
and is the phosphorylase B. 


Purification . — ^This enzyme B was further purified 
by a repetition of ammonium sulphate fractionation 
and then was taken up in a small amount of water 
and allowed to be adsorbed on Alumina Cy. In 
order to avoid unnecessary dilution of the enzyme, 
the adsorbent (5-10 c.c.) was previously ccntrifugerl, 
the enzyme solution being then added to the residue 
and thoroughly mixed. The i>rocc.ss was repeated 
with frevsh portions of the adsorbent. It was found 
that the fir.st i or 2 treatments showed that llie 
adsorbate contained a small phosphorylase activity - 
presumably due to traces of the enzyme A. But the 
later treatments gave adsorbates with no activity, 
while the supernataut (i.e., the portions unadsorlx-d) 
showed considerable activity. It may be mentioned 
that for the.se studies the adsorbate itself could l)e 
used as a .source of enzyme without previous elution. 


Purification of enzyme A . — ^The crude enzyme A 
precipitated at 0*5 saturation of ammonium sulphate 
was fractionated repeatedly by ca 0*3 saturation of 
ammonium sulphate and reprecipitation at 0*4 satnni- 
tion. In one instance it was found possible in thi.s 
way to get a sample of enzyme which was completely 
adsorbed on Alumina Gy leaving no enzyme portion 
in the supernatant. 


Thus potato phosphorylase appears to be a 
mixture of at least two phosphorylating enzymes: 
(«) Enzyme A, precipitated below 0*5 saturation of 
ammonium sulphate and is characteri.sed by comjdetc 
adsorption on Alumina C y (ii) Enzyme B, preci- 
pitable only at a higher concentration of ammouium 
sulphate and is not adsorbable by Alumina ^7 
Whether our enzyme B is identical with the recently 
discovered 'Q' Factor of Haworth* is yet to be deter- 
mined. In this connection the previous ultracentri' 
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fuRal study of potato-phosphorylase by Green and 
Sluiiipf" is also of interest. 

A. K. Rai Chaudhury. 

Bio-Chemical Laboratory, 

Bose Research Institute, 

Calcutta, 23-3-1945- 

• Hanes, Proc. Roy, Soc., ^ond. Series B, t29. 192, 1940 

* Haworth, Peat & Bourne, Nature, 154, 236, 1944. 

® Green & Stumpf, J. Riot. Chem., 142, 355, 1942. 


OPTICAL CONSTANTS OF CADMIUM AND MOLYBDE- 

NUM STUDIED BY POLARIMETRIC METHOD 

The gradually increasing application of quantum 
nicc'hanics to the metallic state has created a new 
interest in the experimental investigation of optical 
constants of metals. For some time past vve*’ ^ are 
engaged in determining the optical constants for the 
metals which have Hot been thoroughly worked as 
yet and studying the effect of polish and contaminjir 
tinn of their surfaces. This note contains the experi- 
mental data for cadmium and molybdenum with a 
short discussion of the effect of polishing. 

The experimental arrangement is similar to that 
of Urtide." A plane-polarised light at an azimuth of 

was allowed to fall on the metallic surface and 
the state of ])olarisation of the reflected light was 
investigated with a Fuess polarisation si)cctromcler 
modified to suit our purpose ; an ellipticity-half-shade, 
as suggested by L. Tronstad,^ and an azimuth-half- 
shade were locally constructed and niounted for in- 
creasing the sensitiveness of the apparatus. The two 
most important optical constants with which we arc 
concerned are n, the refractive index and k, the 
co-efficient of absorption according to Drude’s 
notations (Mott uses K for nk and calls it the 
extinction co-efficient). 

The literature of the subject shows that the data 
lor cadmium'* and molybdenum* are meagre. We 
have determined these for the range 4400 A® to 
t)fx)o A^ at intervals of 200 A®. White light from a 
point-o-lite lamp was ])asscd through a monochro- 
mator from which a narrow band of spectrum of 
desired mean wavelength was chosen. The surface 
of the metal plate was rubbed with coarse emery 
pHper in a particular direction, and at right angles 
h) this with the next fine emery paper. The process 
was continued till the. finest emery paper was 
'^^midoyed ; fine scratches were then removed by 
ticntly rubbing the surface alternately with finely 
powdered aluminium oxide and with magnesium oxide 


on a i)ad of old cloth ; this method of slow hand 
polishing was continued till .scratches were removed ; 
the surface was then washed with soap solution and 
finally with alcohol to remove traces of grease. First 
set of observations (A) was made on lightly polished 
metallic surfaces ; the same surface was further 
polished and a second set of observations (H) was 
made. Representative values arc given in Tables I 
and ir. 


T.ABLK I ; Caomh .u 


VVavc-leijgtIi 

nk (A) 

nk (B) 

n'k (A) 

n'k (} 

6600 

2-78 

A 

5 16 

6-30 

6200 

2ri9 

4 21 

4 39 

4-71 

5800 

2-65 

3‘96 

374 

3-82 

5400 

2-48 

3-77 

.121 

3-29 

5000 

2-29 

3-47 

263 

267 

4600 

216 

3-14 

2 04 

2M 

4400 

211 

301 

203 

2 20 


TAHMC II : MoiA’imivNi M 


tVave-Iength 

nk (A) 

[ 

nk (B) 

1 ii»k (A) 

n*k (B) 

6600 A® 

3-88 

4-40 

11-4 

13-4 

6200 

3-87 

444 

no 

131 

5800 

3-88 

4-36 

10-6 

12-5 

5400 

3-81 

4-31 

10-5 

12-5 

5000 

3-82 

415 

9 54 

10-8 

4600 

3-63 

3-89 

8-35 

9-6 

4400 

346 

3-83 

8-29 

100 


For both the metals the values of nk and n^k 
have increased with heavier polish for all wave- 
lengths. It may be noted that cadmium is a softer 
metal while molybdenum is a harder one, still the 
quantities have undergone similar variation with 
heavier polish. The effect of polishing on the quantity 
n^k is exactly similar to the previous observations by 
Mott^ and by ns that heavier polishing produces 
thicker amorphous layer and consequently greater 
absorption indicated by the increased values of n*k. 
In the case of cadniiuni, nk fias been found to be 
more sensitive to the method of polishing than n*k 
because nk has suffered a gre?iter change in the values 
after a heavier polish. 

n^lc 

The graph of (which is a measure of 

electrical conductivity) plotted against the wavelength 
A reveals that, for both the sets of observations with 

molybdenum, is a maximum at 5400 A^ indicat- 
ing that this metal has an absorption band in this 
part of the visible region. 
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Wo are thankful to the Patna University for the 
grant of a research scholarship to one of us (K.N.P.). 

L. M. Chattkrjee 
K. N. Prasad 

I’hysics Laboratory, 

.Science College, 

Patna, 2,?-4-i945- 

* L. M. Chatter jec and K. N. Prasad, Bull. Patna Sc. ColL 

Phil. Soc., 14, 125, 1944. 

* L. M. Chatterjee and K. X. Prasad, Cut'r. Sci., 13, 177, 

1944. 

‘ \Voo<l. Pliysical Optics, 3rd Kd., 542, 1934. 

* I/. 'iVonstad, Jour. Sci. ftistr., II, 144, 19.34. 

Iiilcrnalional Critical Tables, 5, 248, 1929. 

* R. D. Summcr.s, Jour. Opt. Soc. .\incr., 24. 261, 19^V4. 

’ Mutt, N. !•'. and Jones, 11., The Theory of the Properties 
of Metals and Alloys, 117, 1936. 


SYNTHESIS OF 7-METHYL.0.3:3-BICYCL00CTANE- 
I-ONE-S-CARBOXYLIC ACID 

As a prdiniinary to the synthesis of the pyro- 
kcto-ackl Ci...Ha2^^'. (D, obtained through the oxida- 
tive degradation of dcsoxycholic acid by Wieland and 
vSchlicting,* y-methyl-n-^ : 3-bicyclooctane-i-onc-3-' 
carboxylic acid (II) has been prepared by the follow- 
ing method. 


C,HhCO,H 

O 

ICHJI 



I 


O 


CHJI 



\CO,H 

II 


Potassiosalt of ethyl 2-niethyl-2-carbethoxycyclo- 
peiityl-cyanoacclate® was condensed with cthyl- 
l)roiiioacetate in an alcoholic solution, when diethyl 
< cyano - < -(2-inethyl-2-carbethoxycyclopentyl)-succi- 
iiate (b.p. 207®/8nim.l was obtained in good yield. 
2-Metliyl-2-carboxycyclopentyl-succinic acid (ni .p. 
208-211® with previous shrinking at 200®), which was 
obtained by hydrolysis of the above cyanocslcr with 
concentrated hydrochloric acid, was esterified with 
alcohol and sulphuric acid and the tricthyl ester 
(b.p. r7o®/5 mm.) thus obtained was cyclised by 
means of sodium dust in dry benzene solution to 
yield diethyl 7-iriethyl-o : 3 : 3 -by cyclooctane -i-one- 
2 : 3-dicarboxylate (b.j). 168®/ 7 mm.). The above P- 
ketonic ester was hydrolysed by refluxing with an 
c.xcess of 20 per cent sulphuric acid, when 7-methyl- 
0:3: 3-bicyclooctane-i-onc-3-carboxylic acid was ob- 
tained as a viscous oil boiling at T62-i65®/5nini. 
(seiiiicarbazone in.p. 234®) The keto-acid on oxida- 
tion with concentrated nitric acid yielded a solid acid, 


which after several crystallisation from acidulated 
water melted at 124-126®. ^Mixed inciting point with 
an authentic sample of cis-i-methyl-cyclopentane- 
I : 2-dicarboxylic acid showed no depression (melting 
ijoint of the above (cis-acid was found to depend con- 
siderably on the rale of heating).*'* 

Our thanks are due to Prof. P. C. Mitter for his 
kind interest. Authors are indebted to Dr P. C. 
Dutta for the supply of the authentic specimen of cis- 
I -met hylcyclopentane- 1 : 2-dicarboxylic acid and also 
to Mr N. Ghosh M.Sc. for carrying out micro- 
analy.sis. 

P. Bagciii 
D. K. BANKRJgK 

Sir P. C. Pay Research Fellow’s Laboratory, 
University College of Science and Technology, 

92, Upper Circular Road, 

Calcutta, 30-4-^945- 

' Wieland and Srhlicling, physiol. Chon., 134, 276, 1924. 
* Kaiierjee, ScrivNCE and Cultoric. 9, 456, 1944 ; Cf. biiiste.ul 
and Krrington, /. C. S., 666, 1938. 

® Dutla, /. Ind. Ctiem. Soc. 17, 611, 1940; Cf. Baclnnanii t/ 
al., /. Am, Chem. Soc., 63, 1261, 1941, 


WORKING OF DIFFUSION PUMP WITH DIFFERENT 
OILS 

From our study of the internal action f)f a 
diffusion pump it was convincing that the ullimale 
vacuum attainable by a diffusion pump would not 
vitally depend upon the vapour pressure of the pump 
fluids as it usually sui)posed to do. Different oils 
were therefore used to further corroborate our pielme 
of the internal working of the diffusion pump. All 
of them gave the same ultimate vacuum according to 
our e.xpectatioii. 

Five kinds of flllings were used, vis., Apiezoii B, 
Capclla oil D (Caltex Co), Mobile B, Pctroleuiii jelky 
(white), and solid Paraffin. All of them gave tl)»- 
same vacuum of 2 x lo""® mm. Hg. as measured on :i 
AIcLeod gauge. 

It is important to note that heat-input plays a 
vital role in the functioning of a diffusion pump, aiul 
the optimum value of the input changes considerably 
with different types of fillings. The (solid) paraffin 
diffusion pump .seems to require 2-3 times heat input 
compared with that required for the usual oil fillings. 
The estimate is however tentative, as the wattagf 
could not be measured for the gas burners used. 

It is further interesting to note that the petrc)- 
leum jelley and the solid paraffin gave the same ulti- 
mate vacuum but only under careful control of ihc 
heat input and the water circulation in the jacket. 
The flow of water was tc be reduced to such aii 
e.xtent that the outflow was just more than dripping* 
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and the whole pump, including the top cover, was 
quite hot to the touch. 

It should be noted carefully that the “pressure” 
recorded above refers to the air pressure alone and 
does not take into account the partial pressure of the 
fluid vapours. The ineasureinents of the vapour 
presvsures in the vessel, during the run of the puini), 
are under investigation. 

Details will be published elsewhere. 

Our thanks arc due to Prof. M. N. Saha, D.Sc., 
F.R.S. for his kind interest in the work. 


Kamalksh Ray 
Nanda I>ulal Skncujpta 

Talit Laboratory of Physics, 

I'liiversity College of Science, 

02, Upper Circular Road, 

Calcutta , I -5- 1 045 . 


POWER REQUIRED TO OPERATE THE 
PNEUMATIC TIDAL MACHINE 

It was noted^* ® that the air pressure required in 
llic tidal chamber Fig. lA, for simulation of the 
tide in the open section (B) would not practically 
exceed i to 2 lbs. per sq. inch of gauge pressure. 
Hut the volume of the air handled is usually large 
dei)ending upon the size and scale of the model. It 
ih therefore necessary to calculate out the range of 
1 lower which is retiuircd of the compre.ssor outfit for 
a given model, before an installation is undertaken. 



too. I. SclietMlic diagram of the pneumatic tidal device. 


The work done in operating the tidal cycles 
inxolves two parts, viz., work on the water system 
1<> create more difference in water levels in .sections 
A and B, and secondly on the gas system in the 
Hdal chamber A where the gas (air) is raised from 
Ihe initial i^ressure of and volume v^ to the final 
conditions of P2 and Vs by the feed of air from the 
compressor. 

^*‘i'om the consideration of the Fig. i, it will be 
apparent that the change of potential energy due to 


the change of water levels from positions i, 1 to 2,2 
in the two sections would be given by 

W=% p + W ft. lbs. 

where, p = density of water = 62 5 lbs. per cu. ft. 
and F — aji:= 5/1 — volume (cu. ft.) of water dis- 

iflaced from the tidal chamber A of cross section a to 
the outside tidal section B of cross section .S ; h being 
the tidal range, k' and //'*, the minimum and 
maximum water heads (in ft.) r re.spcctively. The 
average power- over the entire cycle of period T 
(mins) is given by 

Pi= ~ p V(hi 1 /i.) ft. lbs. per min. . (i) 

2 X 

Considering then the gas system we have that 
the volume of air re(|uircd to be delivered by the 
conqncssor into the chamber A to raise the tide, is 


c= -J- (PtV.-piV,) 
p„ 

defined at the atmospheric pressure />„ ( = 2120 lbs. 
per sq. ft.). The average rate of delivery of the free 
air is thus 

ipiV.-piV,) . . . .(2) 

2 Pu^ 

The power of compressor will be given by the 
adiabetic compressonal work .on v to compre.ss 
from po to p2 with certain allowance (usually 15 per 
cent). The adiabetic work is given by 



= 3-403 [(|^ ) -I ] ft. lbs. 


where y = ratio of specific heats— 1 ’406 for air. 
Allowing 15 per cent for losses in the compressor the 
iibovc formula would be 

P» = 3’98 Po [(p* ) 


The total power is therefore 

p= -^*hp 
33000 ‘ 


= 9-5 X 10-4 + /'a) + 0-25 ) - 1 ] 


V, hp. 


For a tidal model of 300 ft. channel, with 3 ft. 
mean width, 0*33 ft. tidal range, ig mts. cycle, and 
having hi = 2 ft., h2=Y5?> ft » cu. ft., the 

power calculates to 0 3 hp. (calculated for the large 
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tidal model of the Kiilti^ong rivcT, under contem- 
idation). 


TABLE I. 

Work dofie by a single stage compressor. 


AlthouRl] apparently the power required to 
operate a fairly large model of this size is remarkably 
small, the i)ractical power which must be handled by 
the compressor must have to be much larger. This 
difference is due to tlie fact that des])ite the imeumatic 
chamber taking very low pressure (p2^^ to 2 Ibs./sq. 
inch gauge), the ay* should be stored up in the pri- 
mary reservoir at much liigher pressure, say, .^o or 
40 lbs. per sq. inch gauge. Thus the power required 
of the compressor for the primary storage 

.VqtS J’ P the storage 

pressure. 


'I'luis, the total power re(iiiired for the com- 
pressor outfit can be conveniently given by 

P=9‘5Xio * 5 [(//i + A2) + 6-25[(^~)"**-i ]«.hp. 

'i'he compressional power, however, can be readily 
obtained from the handbook data‘^ which gives the 

K 7) x^^**** q 

' J -I hp. for compressing 

I cii. ft. of free air to any storage pressure (/>) as shown 
in table I. 'I'lie compressional part of the work, in 
the above equation, can be given as ir,,!;, where v is 
the average rate of free air delivery given by equa- 
tion (>). In practice, \V,^v is very large compared 
with the first term which gives the power to be spent 
on the water system, so that the choice of compressor 
is practically determined by ir„r. 


flange pressure 
Ib./sq. inch. 

ip) 


10 

20 

30 

40 

60 

80 


H.P. rcquireil to 
compress one cii. 
ft. of free-air «p 
to the gauge 
pre.ssure. 

(H’o) 

0042 

0072 

0097 

0118 

0154 

0183 


Thus, ill our previous example, t;--20 cu. ft. per 
min, and taking 40 lbs. as storage pressure, the 
compressional power comes out to be o'ij8x 20 
hp. The power involved in the water system, in 
this case, is only about o‘i hp, totalling to 2*46 hp. 
Allowing generous margin a t:ompressor outfit of > 
to 4 hp. vVould be sufficient for such a model. 

My thanks are due to Prof. M. N. Saha, F.R.S., 
and Dr N. K. Bose, Ph.D., for their kind intercut 
during the progress of the work. My thanks are als») 
due to Messrs. N. 1>. Sen Gupta, M.vSe., and vS. K. 
Mitra, M.Sc., for their helpful discussions and criti- 
cisms. 


Kamamcsh R.w 

Palit Laboratory of Physics, 

University College of Science, 

92, Upper Circular Road, 

Calcutta, 2-5-1945. 

‘Pneumatic Tide-generating Madiine -K. Kay, Sciknck am» 
Culture, /O, 212, 1944. 

* Reproduction of a given tide by the Pneiiinatic geiuralor 
• K. Ray, Sciknck a .p CuI'iurk, W , 509, 1945. 
"Mechanical Engineers* Handbook (\ol. II, Powerl-Ketil 
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DEVELOPMENT OF RESOURCES AND INDIAN CONSTITUTION 


1'\UR1NG the last few months the I'nited Nations 

have been holding a series of conferences, such 
as the one at Dumbarton Oaks and' the other at San 
iTancisco, to determine the principles, the scojie, 
and the functions of a World Security Organization. 
One of the principal tasks of these conferences, and 
specially that of the Top I^ords, the Big Three, Four, 
Five and, may be many more in future under the 
policy of ‘grow more powers*, has been to determine 
the kind of government the subject peoples of the 
world should have. Several systems such as man- 
dates, trusteeship, etc. have been discussed each claim- 
ing to give maximum amount of freedom to the sub- 
ject nations under the prevailing circumstances of 
their so-called unpreparedness for self-government, 
'riiis is of special interest to us in India which is the 
biggest subject country in the world and is under 
(ireat Britain, one of the ‘Bigs’. 

As such, India is now passing through a very 
critical stage of her political history. The different 
political parties in India arc at present torn off by 
conflicting ideologies and there is evidently no unity 
of purpose. Feelings of individualism based on sec- 
tarian, religious and provincial prejudices have been 
far more predominant than those of rationalism. In 
this confusion, suspicion and distrust of each other 
have been increa.singly manifest. History tells us 
that a mere declaration of freedom or even attainment 
of complete sovereignty cannot bring salvation to the 
masses of the country, when this is followed by the 
growth of a large number of political and religious 
parties wdth divergent aims ; their continued exist- 
ence undermines the foundations of the State. We 
have to state what we have to do and how it can be 
^one. Orth6dox politicians will jeer at us saying that 
^Hese points will be decided when the freedom is 
attained. We have a feeling that it is any time a 
hotter poUcy to have a clear and unified programme 


based upon a critical and analytical study of the cir- 
cumstances than to put into operation a hurriedly 
drawn up scheme embodying confused ideas and hasty 
decisions. That this has been the case in India and 
even in many other countries, we have not the 
slightest donbt. I,ct us take the case of China, our 
nearest neighbour. 

China got rid of the Manchu dynasty in 1911,. 
hut nearly for 20 years she could not make any mate- 
rial progress since the successive governments did not 
know’ how to utilize this freedom for the uplift of 
the masses. The country pa.ssed through a series of 
civil and external wars due to greed and lust of 
power amongst high officials with conflicting ideo- 
logies betw^een different parties and jealousies between 
(Uffereiit |)rovinces. It was only when the late Dr Sun 
Vat Sen ill his ‘Three Principles of Ihc People/ laid 
down a coherent programme of the future Chinese 
Government that unity of purpose w’as attained. The 
War Lords disappeared and the foundation of a 
modern vStalc wdiich has pledged to v^uii Yat Sen’s 
programme of development of resources was laid. 

Faulty Constitution — a Grkat hindranck 
TO Progress 

The successful and efficient execution of any 
programme of work is intimately bound up with the 
constitution of the country. Readers of this jouruaP* 
are fully aware as to how' constitutional drawbacks 
have hindered progress even in a modern, free, and 
rich country like the United States. Broadly speak- 
ing, in the United States there are two main agencies 
viz., the Federal Government and the State Govern- 
ments. The State Governments have under the con- 
stitution autonomy in many subjects. When the late 
President Roosevelt, after his election to the Presi- 

* SaENCe AND Culture, W. 4S5, 1945. 
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dentship in 1933, decided that the Federal Govern- 
ment should undertake large developmental pro- 
gramme as a means of combating the ever increasing 
effects of unemployinent, it was found that the Ameri- 
can Constitution which gave a large amount of such 
functions to the juitouomous States stood in the way 
of a ])lanned programme on a regional basis. A man 
less resolute than l^resideiit Roosevelt would probably 
have .sought peace by talking with a double voice, 
or adopting a cold storage policy as is usually done 
in this country, and would have found ready excuse 
in constitutional drawbacks for inactivity. But Vresi- 
dent Roo.scvelt with characteristic foresight, courage 
atui statesrnaiisliip, tackled the monster of luiemploy- 
inent by cutting through these constitutional barriers, 
and wherever the interests of the coiiiiiioti man in the 
U. S. A. demanded it, he never hesitated to ride 
rough over prerogatives of individual Stales and re- 
place it by federal initiative. Thus the TVA, the 
first successful e-\*iK.‘rimeiit in large-scale regional 
l»lanuing, was created in i()3.L 1^' now our readers 
have formed a fair idea of the achievements of this 
»)rganization which, by harnessing a wild and turbu- 
lent river, has converted this basin into one of the 
most prosperous regions of the [United States and has 
played such an important i)art during the present 
war l)y providing enormous power for war industries. 

Another example* is that of the Murray River 
in Australia. 'J'his River covers three States and 
although .schemes of its development specially for the 
production of hydro-electric power had been formu- 
lated nearly :20 years ago, they could not be [/Ut into 
operation on account of tlie lack of co-ordination iti 
the policy of the different Stales, (Victoria, New South 
W’^ales and vSouth Australia) due to their autonomous 
rights. These examples clearly demonstrate how a 
faulty constitution can retard progress even in 
iiidei)endent countries. 

VV'e offer no apology for having again taken up 
the ca.se of river.s to illustrate our point. In the past, 
rivers were mainly used for irrigation and naviga- 
tion, and were held in great esteem. But never be- 
fore have rivers played such an importatit part in the 
economy, development and general prosperity of a 
nation as during tlie pre.scnl century, specially after 
the developmeiil of the hydro-electric power. Power 
is sine qua non of all material development and a 
river is the greatest and inexhaustible asset for the 
production of power. It will not be incorrect to say 
that the potential productive capacity of a country 
and consequently li.er material progress can be judged 
from her river resources. After the creation of the 
TVA and its achievements, the river has now assumed 
the role of a multi-purpose agency and has become 

.’*K. Ray, Mtnray River Commission, Science .\nd 
CULTURB, 10 , 461, 1945. 


one of the biggest source of power as is evident from 
the following extract : ^ 

“No major river in the world is so fully controlled as 
the Tenne.ssee, no other river works so hard for the people, 
for the force that used to spend itself so violently is today 
turning giant water-wheels. Tlie turbines and generators 
in the TVA powerhouses have transformed it into electric 
energy. .And this is the river’s greatest yield.” 

“What the TVA, in specific ways, has sought to do 
can be simply stated : to accept an obligation to harmonize 
the private interest in earning a return from resources, with 
the dominant public interest in their unified and efficient 
development. The method— and this is the distinctive part 
of ihe experiment — is to bring to bear at the grass roots 
the .skills of public experts and admini.strjitors not for 
negative regulation but to make affirmative action in the 
public intere.st Ixith feasible and appealing to private 
industry.” 

Thc.se lines clearly indicate how a wild and un- 
controlled river can be made a source of material 
prosperity, which otherwise is a potential source of 
dcva.station, misery, iiovcrty and disease. The rivers 
are not subject to any political prejudices and pro- 
vincial boundaries. They flow and flow freely. Their 
development requires a co-ordinated plan not only of 
the different aspects of unified development, but also 
of the different regions covered by the river. It is 
here that provincial and other barriers stand in the 
way of progress. When a river flows, the different 
parts that it covers are affected to different extents 
and in different ways. For instance, the upper areas 
are subjected to a great deal of erosion of soil, and 
the lower areas are subjected to occasional floods 
whereas some areas are benefited by the deposition of 
fertile .soils. It is only one agency which can take into 
account the disadvantages suffered by different people 
and work out a plan of integrated development. 

Constitution in India 

The present century has occasionally been 
characterized as a period of gradual constitutional 
development in India. For instance, the Morley 
Miiito retorms, the Montague-Chelmsfurd reforms aiul 
the latest Government of India Act, 1935. The.se rc- 
' forms have been the result of political agitations in 
India demanding .self-government and in the framing 
of these constitutions, the alien paramount govern- 
ment has been concerned more with satisfying the 
communal, iirovincial and vested interests than with 
the adoi)tion of a constitution who.se primary aim 
would be the solution of the economic problems of 
the country. 

I.et us look at the constitution of 1935. The very 
fact that it was based on separate electorates effected 
on religious basis and vested interests makes it 
abundantly clear that in its framing, it were the 

' Lilienthal, D. E., TVA Democracy on the March ( p. 
1944. 



July, 1945 


I)1'VEI,()PMENT OF RESOURCE,*? AND THE INDIAN CONSTITUTION 


a 


communal and provincial passions rather than con- 
siderations of economic development which played 
the fundamental rdle. 

The constitution has four important aspects: 
(i) the All-India federation, (2) the Provincial Auto- 
nomy, (3) the Safeguards and (4) the Central Respon- 
sibility. Under the provincial autonomy® the (luestion 
of development of industries, water power resources, 
waterways, irrigation, agriculture, etc. were classified 
as provincial subjects. As has already been shown in 
the columns of this journal® this relegation of tjiesc im- 
portant developmental subjects which was based more 
on communal and provincial feelings, to provincial 
authorities has constituted one of the major bottle- 
necks in organized development. The communal 
basis of the division of activities is evident from the 
speech of Sir S. Hoare^ in the Parliament on the 
(h)vernment of India Act, 1935. 

“If it licid been pos«;ible to liavc one list wc slimiM 
Iiave been glad, but, unfortunately, a.s in ninny of these 
Indian problems, when we came Ut ajiply lo the actual 
facts what we desired, we found it to be impossible. VVe 
found that Indian opinion was very definitely divided 
lietwcen, speaking generally, the Hindus who wish to keep 
the predominant power in the Centre, and the Moslems who 
wish to keep the predominant power in the Provinces. The 
extent of that feeling made each of these communities look 
with the greatest su.spicion at the residuary field, Un- 
Hindus demanding that the residuary field sbouM remain 
with the Centre, and the Moslems equally strongly demand- 
ing that the residuaty field should remain with the Pro- 
vinces." 

The Joint Parliamentary Committee' liad cii- 
visiiged some kind of overriding provision in all- 
India matters. 

“Uxpericnce has shown, both in India and elsewhere, 
iliJit there are certain matters which cannot bt. allocated 
exclusively either to a Central or to a Pnnincial legisla- 
ture, and for which, though it is often desirable that pro- 
vincial legislation should make provision, it is equally 
necessary that the Central Legislature should also have a 
legislative jurisdiction, to enable it in some cases lo secure 
'miformiiy in the main principles of la7v throuiihout the 
country^ in others to guide and encourage provincial effort, 
and in others again to provide remedies for mischiefs arising 
in the provincial sphere but extending or liable to extend 
i^cyond the boundaries of a single Province. Instances of 
tile first are provided by the subject matter of the great 
hidirtii Codes, of the second by such matters as laliour 
k‘gislalion, and of the third by legislation for the preven- 
tion and control of epidemic (hseases. It would in our view 
lie disastrous if the uniformity of law which the Indian 
Coile.(i provide were destroyed or whittled away by the 
unco-ordinated action of Provincial Legislatures. t)n the 
ytlier hwid, local conditions necessarily vary from Province 
h) Province, and Provincial Legislatures ought to have the 
power of adapting general legislation of this kind to meet 

particular circumstances of a Province." 


« . C. L. Anand, Government of India Act, 1935, Seven 
^'^hedule List II, 558^562. 

SciBNCK AND Cui^tURE, iO, 455, 1945. 
c. L. Anand, ibid., p. 255. 

C. L. Anand, ibid., p. 255. 


Poor Financks of somk Province.^ 

Ill India, this has a s^iecial significance since 
the Ijntuices of the individual provinces and specially 
those of the small ones are poor, and as such they 
are not in a position lo undertake any major pro- 
gramme of development. In fact, these difificulties 
were evident when some of the new autonomous 
provinces were constituted at the time of framing the 
1935 Act.* 

“We are informed that il is now aulii-ip.'ited that the 
new Province would start with an initial yearly deficit of 
aljout ^'^th crore, which would be gradually extinguished in 
about 15 years and that about afti-r that period the I*ro- 
vince should be able to div.peiise with assistame.” 

Moreover, sometimes questions of provincial 
vanity' and individualism induce the provinces to 
undertake • measures which amount to nothing short 
of duplication. It i.s naliiral that in .so doing their 
finances are exhausted and the results are compara- 
tively insignificant. This has been felt in several 
aspects of provincial adiiiiiiistration, such as indus- 
tries, education, health, agriculture, etc. Some of 
the problems of different provinces are likely to be 
of the same nature, and they can best be solved with 
belter resources both financial and that of personnel 
if they arc* done on a co-ordinated basis. The results 
of these confusions were recently demonstrated in 
the Bengal famine v\'heu, for considerable time, the 
Central and the Provincial ( loyernmeiits went on dis- 
cussing the sphere*'^ of their activity and responsibility 
meanwhile hundreds of thousands perished for want 
of a handful of rice. Due to the too rigid provincial 
system, the provincial rivalries have been rampant 
and this has been amply demonstrated in the con- 
tinuous decrease in the efficiency in the recruitment 
of services, since the provincial governments to satisfy 
their voters are compelled to give preference to pro- 
N'incial personnel. 

I.C.S.''-AN Omnibus Ci.ass of vService 

A very unfortunate aspect of this constitution is 
the reservation of several important posts for the 
Indian Civil vService who are a rigid caste by them- 
selves like the Brahmins. Nobody even with greater 
and authoritative knowledge of the subject can be 
smuggled into their sphere. In Tuigland, for 
example, the person, when he has become a Civil 
Servant, has to choose a subject for his later pro- 
fessions whether he is lo become a financial adviser, 
an administrator, an economist, an engineer etc. In 
India he can be anything -a district magistrate, a 
director of iudiistries, a district judge, a trade com- 
missioner, a financial adviser or even war controller 
of Persian Gulf. This system makes him a jack of 
all trades but master of none. It is natural, there- 
fore, that, when he is put in charge of several 

•C. L. Anand, ibid., p 199. 
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controls, say food, cloth, transport, etc., there is an 
litter confusion not due to the lack of interest but 
on account of the lack of knowledge which alone 
can enable him to handle the position in which he 
finds himself. The result is chaos, famines, shortages 
etc. According to the Government of India Act, no 
outsider can be called to fill up thcvSe posts except as 
adviser who has very little executive power. 

In the U. K. and U. vS. A., Civil Servants can 
be recruited from amongst the outsiders and be given 
the same privileges as the permanent civil servants. 
This system has been particularly helpful in ensur- 
ing the services of properly trained persons for nianv 
of the technical posts. There being no age restric- 
tions, the practice of recruiting men at a compara- 
tively advanced age ensures the benefit of loitg ex- 
perience and mature judgment. 

Partition of India 

Of late, the religious rivalries tending towards 
fanaticism have given rise to a very dangerous out- 
look which threatens the very existence of India as 
a nation and that is the cry for its partition into two 
vStates based on a prepondering population professing 
different religions. It is absolutely unconnected with 
the reality of the situation and, if brought about, 
will make this unfortunate land a permanent wreck- 
age and a place of famines, misery and disasters. 
Various schemes have been put forward as an alter- 
native to this demand and the most recent is the one 
advocated by the Sapru Conciliation Committee. But 
all these have failcil to take any account of the deve- 
lopment of resources of India which alone can assure 
prosperity to her masses, since they are all based more 
on sentiments than on any critical and scientific 
analysis of the circumstances. To the Muslims, 
freedom for India appears a Hinduraj and their subor- 
dination, to the Hindus, it means their being reduced 
to a minority, to the scheduled caste, it means domi- 
nation by the caste Hindus ; to some extremists free- 
dom lies in gaining some percentages in services. 
Under this confusion, the central fact of the co- 
ordinated development of natural resources on strictly 
nationalistic lines is completely lost sight of. What 
else but poverty and misery can the poor heirs of a 
poor man get after division? The extreme poverty 
of the country is a glaring reminder that a mere in- 
crease in the allotment of services by r per cent 
or 2 per cent, cannot solve the eternal problem of 
the masses of India. A poor man will remain poor 
whether he gets v) per cent or per cent. 

Is ThHRK Pakistan in the U.S.A. ? 

Recently the HotPblc Dr B. R. Ambedkar put 
a very clear (luestioii to Prof. M. N. Saha after his 
return from the U.S.A., whether as a result of his ex- 


perience in that country whose geographical position 
and distribution into several vStates having inhabi- 
tants claiming different nationality, religion and colour 
at the time of their settlement, he could say if there 
was any problem like Pakistan. His remarks are 
really very interesting and are quoted below. 

“There is absolutely no such thing in the Ihiitcd States, 
and in fact the very idea w.is severely opposed when once 
the Southern States wanted to secede from the Union, Pre- 
sident Abraham Lincoln said “We shall prefer to have u 
hundred years of civil war than a cessation of some of the 
States from the lTiiion.“ If Lincoln had not taken this 
bold stand and if the North was lost to the South, the 
process of disintegration would not have stopped there but 
the U- S. A. would have been divided into a large number of 
small autonoinons States each iightiug its neighbours and 
would have reduced to something like the small Slates in 
Latin America.*' 

Devulopment Pv ssibi.e oni.v by Maintaining tiik 

Unity of Resources. — Regionai. System 

Latin America consists of a number of vStates 
Chile, Pern, Argentina, Venezuela, Eqiiaclor. 
Columbia, Bolivia, Uruguay, Paraguay, etc. Chile 
has copper and salt ; Venezuela has oil ; Bolivia has 
tin and tungsten ; Argentina has enormous re.sources 
for beef, but none of them has resources nor financcN 
to develop these individually and so they are ex- 
ploited and developed by outside agencies who are 
far more powerful than any of these small States. It 
they would have been one unit, they would have maile 
a great country like the U.S.A. For invStance, if 
Punjab and licngal .secede from India, as propo^cd 
in the Pakistan scheme, Bengal will have jute, 
bamboo and banana, and Punjab would have to 
depend on wheat and the professional soldiers. None 
of these autonomous Statens, howsoever well situateil, 
can have resources for self-sufl&ciency and will hav»; 
ultimately no chance of surviving in a modern world. 
But if India remains together, she has all the poten- 
tialities and resources of developing into a powerlul 
State like Russia and America. 

Of late some of our leaders are advocating llie 
idea of self-sufficiency and they have gone to such 
extremes that they consider that each village, not to 
say of provinces, should produce all its needs. What 
a fine imagination indeed ! And what indifference to 
realities! Some of these schemes and progranniics 
have made the situation in India very confusing and 
it is essential that this confusion should soon be re- 
moved if we are not to be permanently thrown to 
serfdom. 

If under the name of autonomy provinces are 
allowed to develop into separate and unco-ordinaled 
units, we shall be putting obstacles in the path of 
progress and ultimately the provinces will be terrible 
sufferers, signs of which are already apparent. 
example, it has been shown that the rivers of India 
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are capable of producing enormous, amount of power 
for irrigation, navigation, transport,, industries, etc. 
The potential power resources of some of the Indian 
rivers, for instance, the Gauges, and the Brahmaputra, 
are stated to be even better than that of the American 
rivers. The Tennessee Valley, with a basin of 40,600 
sq. miles, produces 12,000 million kw. which is 3-4 
limes the total production of India. One can imagine 
the huge power that can be produced by harnessing 
the Indian rivers. Many of the rivers pass through 
more than one province. The Phnjab rivers can only 
be developed with the prior permission of Kashmir 
and the other States : if Mysore has to make use of 
the Cauvery, there must be an understanding between 
Mysore and Tanjore ; if the Darnodar has to be deve- 
loped, which has been very much talked about in 
recent years, the co-operation of the Bengal and Bihar 
Governments is necessary. This can only be done if 
the Central Government takes charge of these deve- 
lopments by creating multipurpose regional agencies, 
and that is the only way of maintaining the unity 
of resources which is a pre-requisite to organized 
development. This has been clearly demonstrated by 
the experience of the TVA, as is evident from the 
following extract^ : 

*'But vsuch a moral purpose alone is nol enough to 
insure that resource devclopnient will be a blessing and 
not a curse. Out of TVA experience in this valley I am 
persuaded that to make such a purpose effective two other 
principles are essential. 

First, that ressource development must be governed by 
llie unity of nature herself. 

Second, that the people must participate actively in 
ihat development ” 

“Is it inescapable that such a task of resource develop- 
ment be carried on only by highly centralized government 
direction? Must it inevitably be run by a privileged elite 
of managers or experts or politicians ? Yes, say the de- 
featists about democracy, the cynics, the disillusioned an<l 
frustrated liberals, the believers in force, the disbelievers in 
men. Can it be done in 110 other way than by gutting 
the resources of nature, by making the cuuntry.side hideou.s, 
by maiming the forests, fouling the streams, ignoring the 
unity of land and water and men? Yes, that is ‘the way 
things are*, say the greedy, the short-sighted, the unpcrcep- 
tive. 

The experience in this valley gives the lie to such 
ftuswers and to those who utter them. The whole point 
of the TVA experience that I shall seek to make plain in 
ihis book is that the best way, perhaps the only way the 
job can be done effectively is by observing the unity of 
nature, by following democratic methods, by the active 
daily participation of the people themselves." 

“To a single agency, the TVA, these potentialities of 
the river for good and evil were entrusted. But the river 
Was to be seen as part of the larger pattern of the region, 
one asset of the many that in nature are interwoven : the 
land, the minerals, the waters, the forests— and all of these 
as one— in their relation to the lives of the valley's people. 
It was the total benefit to all that was to be the common 
goal and the new agency's responsibility " 


’ Lilienthal, D. E., ibid,, p. 6, 49 & 57. 


“The unity of nature's resources must not be disregard- 
ed, or the purpose for which such developments are under- 
taken will be betrayed as it has been betrayed before ; by 
the way the job is done." 

Conservation of RKsoiiRacs 

In nioclcrn civilization, the abundance of natural 
rcsotircc.s play.s a very fundamental role in the life 
of a nation. Consequently in the advanced countries 
the adoption of measures I'or the conservation of 
irreplaceable* resources, such as minerals, fuels, etc. 
so essential for industrial develoiuuent, is now being 
vigorously advocated as a 111a tier of national policy. 

If one goes deep, many of the present day rivalries 
amongst the big powers can be traced to the possession 
of irreplaceable key resimrccs. The controversy over 
Iranian oil is a recent example. 'I'hc measures for 
the conservation of such resources can only be effec- 
tive if planned on the basis of the entire counlry and 
put into operation under a co-ordinated system. This, 
by the very nature of the problem, cannot be achieved 
by individual provincial units due to their limited 
spheres of activity. 

Take, for instance, the question of electric power 
which is produced by utilizing the water power re- 
sources or the fuels. In a country poor in fuel 
resources, the production of power by utilizing water 
resources should naturally be given preference to the 
thermal process. Now, if the province possessing 
the water power resources is also a big producer of 
fuels, it will hinder, if it can as is the case under the 
present autonomous system, the utilization of water 
rcsource.s under the pretext of ,the decline of its own 
fuel industry. Under such conditions, the natural 
resources of one type which are replaceable will be 
wasted, whereas the resources of the other type i.e. 
tile fuels, wliich are irreplaceable will dwindle. The 
obviou.s re.siilt is the depletion of irreplaceable re- 
sources leading to dependence on other countries. 
The logical procedure under a unified system based 
on the interests of the whole country will be to utilize 
the hydro-clcctric resources and con.serve the irreplace- 
able fuel resources. That this has actually been the 
experience, although not exactly similar, is evident 
from the following lines* : — 

“There was at the outset bitter opposition to the TVA 
from the coal industry, an opposition which further illus- 
trates how mistaken it is to cling to the ideal of restricted 
development. The argument was made that by developing 
electricity from the water of the river I'V.A w'ould rob the 
coal industry of its existing market for coal for steam- 
generated electricity . " 

It is thus clear that this system of leaving such 
developmental subjects to the provincial sphere is 
very detrimental to a proper conservation and har- 
nessing the resources of a country and is likely to 
lead to their waste and depletion. The results of such 
a practice are too obvious to be discussed. 

• Lilienthal, D. E., p. 209. 
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Vague Provisions in the Government of 
India Act, 1935 

In the seventh schedule to the Government of 
India Act, 1935, the spheres of the Federal and Pro- 
vincial Legislature, both separately and concurrently, 
are laid. Although there is a provision* for the Centre 
to make laws when the interests of some provinces 
demand it, they appear to us to be vaguely defined 
and do not clearly lay down when, where and to what 
extent the Centre can intervene where such a course 
is desired. 

.“If it appears to the Legislatures of two or more 
Provinces to be desirable that any of the matters enumerat- 
ed in the Provincial Legislative List should he regulated in 
those provinces by Act of the Federal Legislature, and if 
resolutions to that effect are passed by all the Chambers of 
those Provincial Legislatures, it shall be lawful for thei 
Federal Legislature to pass an Act for regulating the matter 
accordingly, but any Act so passed may, as respects any 
Province to which it applies, be amended or repealed by 
an Act of the Legislature of that Province.” (Government 
of India Act, 1935, Sec. 103, Power of Federal Legislature 
to legislate for two or more Provinces by consent). 

For instance industries appear both in Federal 
list and Provincial list. The actual words are : — 

“Development of industries, where development under 
Federal control is declared by Federal law to be expedient 
in the public interest.” (List I . . ., p. 34). 

“Regulation of mines and oil-fields and mineral deve- 
lopnieiil to the extent to which such regulation and deve- 
lopment under h'ederal control is declared by Federal law 
to be expedient in the public interest.” (List I . . p. 36). 

“Regulation of mines and oil-fields and mineral deve- 
lopment subject to the provisions of List I with respect to 
regulation and development under Federal control.” 
(List 11 . . . ., p. 23). 

“Production, supply and distribution of goods ; deve- 
lopment of industries, subject to the provisions in List 1 
with respect to the development of certain industries under 
Federal control.” (List II . . . ., p. 29). 

Tinder these circumstances it becomes very 
difficult to fix responsibility for initiative and if at 
all some move is contemplated the question of demar- 
cating respective spheres of Provincial and Central 
Governments leads to interminable discussions pro- 
viding circumstances for inactivity. Under the pre- 
sent structure of Government, it will be too optimistic 
to expect a bold initiative from the Centre. 

Basis of the Constitution 

The foregoing considerations inevitably lead us 
to the conclusion that the basis of all constitutions 
should be a system designed to facilitate the deve~ 
lopment of natural resources, since it is on this deve- 
lopment carried out under strictly democratic prin- 
ciples that a decent and comfortable living to the 
masses can be assured. We have to accept that India 
is an indivisible economic unit and any idea of parti- 
tioning it into different zones based on religious senti- 

•C. It. Anand, ibid,, p. 26b 


ments will be to throw the entire population into per- 
manent bondage and misery whether it be in the 
Hindu zone or the Muslim zone. In the future world, 
it is the master of properly developed resources who 
will be the dominating power, and countries divided 
into unco-ordinafed units, although literally free, will 
remain a subject nation dr facto. 

Decentralized Administration of a Central 
AtrrHoRiTY 

This discussion of treating the important deve- 
loi>mental subjects as Central does not imply that we 
advocate a highly centralized administration of these 
subjects. There are two things quite distinct from 
each other, namely the authority and how that 
authority works, i.e. its administration. 'I'lic autho- 
rity must be central so that a unified policy taking 
into consideration the potential resources, the best 
way of their development and the needs of the people 
of the different areas can be laid down, but its execu- 
tion must be done through the local people or what 
we may call local agencies if it has to avoid the 
eonsetiucnces of ignoring realities. At least in the 
development of resources, this system has yielded 
rankable results as is evident from the experience of 
the TV A.'® 

“The distitiction between authority and its adniinislra- 
tion is a vital one. For a long lime all of us — adniinistra- 
tors, citizens, and politicians—have. been confused on this 
point. We have acted on the as.sumplion that because 
there was an increasing need for centralized authority, the 
centralized execution of that authority was likewise inevit- 
able. We have assumed that, as new powers were granted 
to the government with its seat at Washington, these 
IKJwers therefore must also be administered from Washing- 
ton. Out t)f lethargy and confusion we have taken it for 
granted that the price oi federal action was a top-heavy, 
cumbersome administration. Clearly this is nonsense. The 
problem is to divorce the two ideas of authority and admi- 
nistrution of authority ” 

“For a federal agency to 'work itself out of a job’ in 
this way requires, among other things, that the state or 
local agexK,' be given credit very generously for its part in 
these joint enterprises. Popular support depends upon it, 
and appropriations are difficult to secure, and inevitably 
dwindle and even disappear.” 

These experiences of the biggest single regional 
agency in the field of resource of planning should be 
a good lesson to us in view^ of the similarity of our 
problems of resources development. The mere transfer 
of a subject to the provincial sphere cannot ensure 
a proper development. The Central Government 
must have the authority to make unified plans, and 
enact laws for developmental subjects on an alUIndia 
basis but the execution of the plans must be done 
by the Provinces under co-ordination by the Centre. 

If four freedoms which are being much talked of 
have any real significance for dependent countries, 

Lilienthal, D. B., ibid., p. 143 , 131 . 
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then the basis of constitution should bq, as indicated 
by us, the development of resources on a national 
scale based on material interests which alone can en- 
sure these freedoms. We are no Pundits of constitu- 
tion but we feel that men of science can be helpful 
in giving guidance to our politicians who are torn 
oif by conflicting ideologies in arriving at a rational 
basis of constitution. Science now no more a iiro- 
fession of funny men. It is a force which cannot be 
ignored in any scheme of development, economic or 
political ; and it is only reasonalde that it should 
have a hand in framing the constitution of the 
country which should be l)a.sed on scientific nndei* 
standing of the problem. If therefore we are to frame 
a constitution which should allow maximum scope for 
the development of t)nr resources \vc suggest the 
following points for considcratiem : 

(i) India is an indivisible unit and in order to 
raise the standard of living licr unity is e.ssential as 
a condition precedent to the proper develo])mcnt of 
her resources, which alone coui)le(l with equitable 
distribution of earned wealth can ensure inosperity 
to her teeming millions. It is feared that under the 
stress of comiimnal, religious and sectarian passions, 
which aim at her partition, her very future when 
free, is at stake. Thus one step will make all the 
ditTercnce between her becoming a first class power 
when free for which she is endowed with all the re- 
sources, and permanent economic serfdom as is the 
case with some of the Jyatiii American countries. For 
ail organized development of resources the unity of 
natural rc.sources should not be destroyed simply to 
satisfy communal passions which are the creation of 
a few w’ith no connection whatever witli the real pro- 
i)1eins of the masses. 


(2) Important items of development like, indus- 
tries, waterways, irrigation, development of powder, 
transport, soil conservation, etc. should be under 
Central Authority. But it is not implied that pro- 
vinces should be robbed of their share in this deve- 
lopment. We arc opposed to highly centralized 
system as being another form of top heavy and clumsy 
administration of a central authority which should 
ensure a unified i)olicy for the w’hole country but 
carried out by different units in co-operation with 
each other. 

(3) There should be a full scoiie in the constitu- 
tion for the establishment of multipurposes Regional 
Autthorilies like the 'J'VA for the development of 
resources. 

(4) The Indian Civil Service should not be kept 
a rigid monopoly of a certain class of people but 
should be thrown f)pen to outsiders ft^r special sub- 
jects. This will ensure a better working of some of 
the specialized project‘d for which the civil servant 
as he exists today is not at all suitable. 

We do not claim any finality of the di.scu.s.sioii 
on the constitutional aspects and leave the actual 
framing of the constitution to the constitutionalists 
of the country, but earnestly hope that these aspects 
will find a full scope in our future constitution so 
that the development of our resources may be under- 
taken more rapidly. Wilhciit this it will ho idle to 
talk of planning and much more so of development, 
since these prejudices and provincial rights are liain- 
periiig the progress of even the preliminary work. 
We therefore invite the attention of oiir planners to 
these constitutional aspects of planning. 


TENNESSEE VALLEY AUTHORITY 
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HYDKO-KIKCTKIC MKMHKR, CKNTRAI. TKClINICAI. POWliK HOARD, 
G^iVERNMRNt OK INDIA. 

KORMKRI.Y HEAD PLANNING KNIUNEKR. T. V. A. 


JT can safely be assumed that the main reasons for 
the active interest of a large portion of the Indian 
people in the development of the Tennessee River, 
situated roughly half w'ay around the world from 
bidia, are their concern about their own future and 
their belief that by its practical example the unified 
tlevelopment of the Tennessee Valley will affect their 
own destinies. It is important, therefore, that the 
leading elements of the people, the scientists, politi- 
ciaus, technicians and businessmen should know 
what has happened there. 

Fundamentally, the T.V.A, was set up as a 


“Pilot plant*' to throw the light of actual experience 
on the development of all the resources in a river 
valley, and not just one or two of the resources, and 
the T.V.A. was to .serve all the inhabitants of the 
valley and not just a few special interests. In the 
pa.st the Federal Government had undertaken, time 
and time again, the construction of separate works 
for navigation or flood control or power. Bringing all 
the responsibilities together in one agency, this unity 
was new and different, never tried before in history. 
The combined responsibility given to the T.V.A 
made it possible to have the solution of one problem 
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dovetail with, and not interfere with, the solution 
of another problem. 

Modern engineering methods are used as the 
means to obtain the end result, i.e. engineering 
skill is utilized to construct and operate the 
works whicli make an improvement in the general 
welfare of th.-^ people possible, besides the Kngiuccr- 
ing repartnicnt, which directs its energies towards 
the planning, design and construction of the water 
control works in the river channels, and the Power 
Department, which operates the power system, the 
T.V.A. has departments mainly concerned with agri- 
culture, forestry, chemical engineering, health and 
safety, commerce, reservoir proj^erty management, as 
well as a Personnel Depart ment, F'inance Department, 
Legal Department and Suptdy Department. The 
management of all the interrelated tasks of the various 
departments is vested in a three-man Hoard of 
Directors assisted by a General Manager and Gicneral 
Counsel, a budget staff and an information service. 
The Hoard of Directors is appointed by the President 
of the United States by and with the advice and con- 
sent of the Senate. 

During the now almost exactly twelve years of 
its existence, the T.V.A. has completed the con- 
vStrnction of seven dams on the main Tennessee River 
and nine dams on the tributaries as well as one large 
thermal electric station. Together witli two main 
river dams, four tributary dams and five thermal 
.stations already in operation in the region at the 
time of the creation of the T.V.A., the system now 
consists of tweiityeiglit major plants and an additional 
thirteen small ]»lanls also owned and operated by the 
T.V.A. The largest single project of the T.V.A. is 
the Kentucky Dam at the mouth of the Tennessee 
River recently completed at a total cost of about 
35 crores of rui)ees. This dam is about 8,500 ft. long 
and has a maxinnini height of 165 ft. The lake 
formed by the dam has a shore line of 2,200 miles, 
covers an area of approximately 160,000 acres, and 
has a total storage capacity of roughly 6,100,000 acre 
ft. The largest dam on the tributaries is the Fontana 
Dam on the Little Tennessee River now practically 
complctcxl at a cost of perhaps some 20 crores of 
rupees. The dam is 2,300 ft. long, its inaximuni 
height is 460 ft. The lake covers an area of about 
1 1 ,000 acres and its total storage capacity is almost 
i,5oo,ooQ acre ft. 

The system of T.V.A. reservoirs, with a total 
storage capacity of 22,000,000 acre ft., controls the 
floods and regulates the flow of a large and turbulent 
river with a drainage area of 40,000 sq. miles. A 
navigable channel for river craft with a 0 ft. draught 
is provided for a distance of 650 miles from the mouth 
of the Tennessee River to Knoxville, Tennessee. 
iPhe total generating capacity authorized for installa- 


tion at the dams and thermal electric stations is about 
2,850,000 K\V of which more than 2,000,000 KW is 
now installed. The total length of transmissiqu lines 
is about 6,000 miles of which more than 90 per cent 
carries a voltage of 44 kV or over. The highest 
transinissioii line voltage is 154 kV. The area covered 
by the transinis.sion lines extends for a distance of 
400 miles frofn east to west and about 200 miles from 
north to south. The generating stations are scattered 
throughout this area, the longest 154 kV line between 
stations is ai)proxiniately 150 miles. Tlie net gene- 
ration has grown from 400,000,000 kilowatt-hours 
during the fiscal year ended June 30th 1934 h> innre 
than 10,000,000,000 kilowatt-hours during the year 
ended June 30th 1944, a growtli of twenty-five times 
the original load in to years. 

The T.V.A. delivers energy to industries, neigh- 
bouring utilities, and to municipalities and co- 
oi>erativcs, who distribute the energy to residential 
and rural customers in the T.V.A. area. Kiicrgy to 
the municipalities and co-operatives is delivered at 
the sub-stations at a rate of about 27 pics per KW' 
hour. Contracts with the municipalities and co- 
operatives who own and 0])erate the distribution 
systems allow a substantial increase about this rale 
to be charged to tlie residential customers, but aiiv 
surplus accumulated about interest on bonds aiul 
operating expenditures can only be used for improve- 
ments or extensions to the distribution systems or If) 
retire the bonded indebtedness. Many of the co- 
operatives are now practically debt free and can con- 
template a reduction in rates. The surplus cannot he 
used to reduce the normal running expenditure of 
the municipal governments because if this were per- 
mitted, such surplu.^' would reduce taxes and by doing 
this the i)rinciple of taxation to charge in accordam c 
with the ability to pay would be upset. 

Ill the operation of the system of jiovver plant'' 
the guiding factor is the requirement f)f floml control, 
i.r., pi lor to the winter season from December to 
March, when the major floods occur, the reservoiis 
arc emi)tied to pre-determined levels and as the danger 
of floods becomes less during this season, they arc 
partially refilled. After the danger of large floods has 
passed the lefilling of the reservoirs is continued 
depending upon the ainout of stream flow available 
for this purpose. During the following dry period of 
the year the amount stored in the reservoirs is released 
for minimum flo\\ regulation for power and naviga- 
tion purposes. 

Even after regulation by the reservoirs, more 
power is available from the system of hydro-electric 
plants in a year of average stream flow than in a year 
of minimum stream flotw Steam plants with an in* 
stalled capacity of more than 400,000 KW arc avail- 
able to equalize the load carrying capacity of the 
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system between the different types of stream flow 
years. During the dry portion of the year the reser- 
voirs are operated in accordance with a pre-deterniincd 
set of rule curves for each reservoir which, in con- 
junction with the predicted load in the iniinediatc 
future, serve as a guide to determine the amount of 
hlcam capacity which has to be placed in ()pcration. 

The T.V.A. obtains its funds for the construction 
of the works by appropriations from the Federal 
Trc‘asury and it is expected that the total investment 
will be in the neighbourhood of Rs. 250 crores. I 
believe that it would be fair to say that the financial 
returns of the undertaking are (piite favourable. At 
the end of the fiscal year IQ43 when the i)rogram was 
roughly two-third.s completed, the total investment in 
completed plant amounted to approximately 165 crores 
rupees. Of this amount roughly Rs. 25 crores were 
allocated to navigation, Rs. crores to flood control, 
Rs. 7 crores to fertilizer and general plant, and the 
remainder of Rs. 120 crores to the i)ower develop- 
ment. The gro.ss power revenue for this fiscal year 
amounted to Rs. loj^ crores. After deduction for 
operating expenses, depreciation and amortization, 
the net revenue amounted to approximately Rs. 4*4 
crores and 'this corresponds roughly to a return ol 
5 per cent on the average net book value of the power 
plant during the fiscal year. If the computations were 
to i)e based on the net book value of the entire idant 
at the end of the fiscal year (including investment in 
navigation and flood control facilities) the computed 
return would be api)roximately 3 per cent. 

In appraising the financial returns it shoidd be 
ronieinbcred that these returns for an enterprise of 
this nature are not an adequate criterion of success. 
The final test of the success of a ('roveniment enter- 
prise on this scale lies in the improvement of the 
uciieral welfare of the i)cople as a whole. Much of 
the investment is of such a nature that only indirect 
benefits can reasonably be ex])ccted. For instance, 
llio L'xj)ciiditure made for malaria control or flood 
eontrol could not be expected to give returns other 
than in improved health and welfare. A reasonable 
l>arullel can be drawn by the average householder with 
the hills which he occasionally pays to his doctor or 
foi tlie repairs of a leaking roof on his house, 

'riie (juestioii is frequently a.sked “What will 
happen at the end of tlie war*’. Of course nobody 
can give the complete answer to that (picstion, but 
there arc some facts which can be stated with cer- 


tainty. Some of the daiiis which were planned for 
multi-purpo.se development have temperorarily, dur- 
ing the period of war emergency, been used to produce 
a maximum amount of power and these dams will 
upon the cessation of hostilities revert to their normal 
multi-piiri)ose functions. In addition, and if the drop 
in load should exceed this reduction in availal)ility of 
power, then the Ihermal electric stations would be 
closed down so that the reduction in revenue would 
he offset by a substantial reduction in operating ex- 
penses due to coal savings. In this manner the load 
could drop by a very subslaiilial figure before (dher 
measures would be ncces.sary. These other nicasures 
could be contracts with neighhouring power systems 
to supply power so that these systems could shut 
down their Ihermal electric stations. In this way it 
seems quite certain that in the future no ])ower, 
which can be generated at the hydro-eleclric stations, 
will be wasted. 

In taking a broad view of the possibilities of 
development of this nature in India, there are two 
l)oints which stand out. These are the reciiiirements 
for irrigation, and the greater density of f)Opulation 
in this country. In the T.V.A. area no irrigation is 
required, while in this country irrigation would be 
one of the major i)Urposes of water control projects. 
This added function would make a multi -purj^ose 
development much more valuable, particularly be- 
cause the interests of power and irrigation are not in 
conflict with each other. Possibilities for power 
development generally occur in the iii)per reaches of 
a river where the rainfall is the heaviest, and where 
a substantial head is available, while possibilities for 
irrigation generally occur in the low'cr and flatter 
reaches of the river. Irrigation can thus utilize the 
regulated flow made available from the power deve- 
lopment. I'hcreby, there woultl be at least two pay- 
ing partners instead of only one as is the ca.se in the 
T.\^A. 'J'he demsily of i)opiilation is many times 
greater in this country than it is in the Ihiited v^tates 
and this generally also holds true for the river valleys 
in each country. Similiar undertakings covering the 
same area in both countries would, therefore, directly 
benefit more people here than would be the case in 
the United vStates. 

Developments of tin's nature are worthy of .serious 
consideration by all elements of the people. India’s 
future will depend in a large measure \ipou what will 
be done with its luidcveloped river valleys. 
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PROBLEMS OF ANIMAL POPULATION AND MIGRATION 
RESEARCH IN INDIA : NEED OF A CENTRAL INSTITUTE* 

M. L. ROONWAL. 


.VSSISTANT SUl'KKJNTENDENt. 

Introduction 

A NIMAL populalioiiN arc never constant. They 
are in a continuous state of flux. The truth of 
this i>henonienoii has been known to mankind since 
ajics, not, however, as a result of patient, painstaking 
researcli, but because certain species like locusts, 
leinniings and voles took inh) their head, so to speak, 
of multiplying \)eriodically in such vast numbers as 
to invite man’s anxious attention. These hordes 
swarm, migrate to enormous distances and sometimes 
meet llidr doom in this process. Thus, thou.sands 
upon thousands of Norwegian lemniings i)eriodically 
march over lulls and dales and plunge into the sea 
to perish. vSimilarly, locust swarms liave been known 
to be drowned in the sea. Gradually it comes to be 
realized that apart from these spectacular fluctua- 
tions, animal populations fluctuate in a smaller but 
no less certain way. These fluctuations rather differ 
from plagues in degree (being less spectacular) and 
are perhaps rather more regidar. In several species 
that have been closely studied, definite periodicities 
varying from two to eleven years or more, have been 
established in the i)opulation flux. For example, the 
Desert Locust, Scliistocerca gregaria (Forskal) has, 
(HI the average, an eleven year periodicity, though 
individual ]>lagne periods have sometimes recurred 
after as short a jicriod as two years. 

< )iice the existence of natural fluctuation has 
been established in a species, the next step is to seek 
for its causes. The line of attack is twofold, along 
what we may describe as the external and the internal 
ai)proach. The cxlernal approach concerns the 
“environment’ which includes both the living 
(animals and plants) and the non-living (climatic) 
components. The first may be dramatically and 
rather crudely, but nevertheless fairly truthfully, 
illustrated by the following sequence of events : The 
cow eats grass ; the tiger kills the cow ; man kills 
the tiger ; malarial parasite kills man. So that if 
man stopped killing tigers either by his own will or 
because malaria had rendered the majority of the 
population so weak as to disable it from killing 
tigers, the latter would increase so much in number 
that the cow population would be in grave danger. 
With this we may interweave the second aspect as 
well. When the monsoon fails in’ the desert areas of 
Western India and the grass dries ^nd the land is 

* Published with the permission of the Director, Zoologi- 
cal Survey of India. 
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parched and there is hardly a drop of water to drink, 
thousands of cowfi die, and so do other animals. The 
farmers migrate south to the more hospitable tracts 
of Malwa, leaving in their trail carcases of cattle 
which became exhausted and fell on the way. Under 
tlvese conditions tigers, ' even though they do not eal 
grass, would decline in number for there is less food, 
cows being fewer. This, in brief, is the simplifieil 
relationship. In actual practice, however, the prolv 
1cm is extremely complicated, and many more factors 
have to be closely studied before reliable conclnsion.s 
can be drawn. What factors in the climate affect 
the population is not always known ; and different 
species may be affected by different factors or diverse 
degrees of the .same factor. High temperature may 
kill the animals outright, or it may reduce the repro- 
ductive rate. Severe winter preceded by rain may 
kill thousands of birds in a locality, even though 
our feathered friends arc well insulated against 
excessive lo.ss of heat. One can go farther and 
attempt to correlate population fluctuation with sun- 
spot cycle, as some have done (not very successfully) 
in the belief that sun-spots govern the earth’s 
climate. (.)r, again, a wave of epizootic disease (i\g., 
bubonic [dague) might devastate a population of rats. 
And many other similar things might happen. Hut 
enough has been said to show the nature of the 
problems which deserve close scientific study. 

The method internal approach is, in oin 
word, mathematical-experimental. The i)urely 
mathematical approach began some twenty years ago 
wlien the clas.sical Lotka-Volterra dynamics wtic 
formulated. In 1925 Lotka, an American mathema- 
tical expert on human population dynamics, ami 
about the same time Volterra, an Italian matlKiiia- 
tician, showed by rigid mathematical proofs that 
periodic oscillation is inherent jn groups of ecologically 
linked species. Climate merely interferes with t1u> 
natural rythm, i)roducing complex interrelationships. 
Students of animal population now believe that the 
Lotka- Vol terra dynamics arc fundamentally correct. 
The experimental approach has been devcloiKcl 
mainly in America and intensive work done chiefly 
on insects like the flour-beetle, Tribolium, which 
lends itself to easy culture under standardised con- 
ditions. These experiments have shown that, irres- 
pective of the environment, populations are J^elt- 
rcgulatory, an increase inevitably leading to a decline 
even though the food is abundant and no apparent 
toxic conditions and disease present. 
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Population Work in Other Countrik.s 

The introduplory part was intended to define 
tlie general nature and eniidiasize the complexity of 
the population iirobleni. Having done so, let us take 
a quick glance of what the progressive world is doing 
about these problems. I shall confine myself U) the 
study especially of mammal and bird populations in 
four countries only, viz., the Ibiited States, Russia, 
(',rcat Britain, and Germany, and, finally, demons- 
trate the pitiful neglect of the subject in India. 

In the United States powerful organizations 
exist for the study of mammal, bird and fish iiopu- 
lation and migration. The chief of these is the Kish 
and Wild Life Service (formerly the Bureau of 
Biological Survey), a huge Federal organization with 
many laboratories, experiment stations and migration 
observatories and hundreds of biologists on the staff. 
From all angles its staff studies mammal, bird and 
fish ecology and population. To suijplement this, is 
a great uetw'ork of Universities, State l^xperiment 
Stations, Museums and private laboratories where 
such studies on vertebrate populations, not to speak 
of those of insects, arc carried out. The sums si>ent 
in these inve.stigations and the resulting output of 
knowledge arc colossal. 

The U.S.S.R. is a close competitor of the 
r.vS.A. in the matter of animal population research 
;ind allied ecological problems. Much of this un- 
doul)ledly first rate work is not known to outsiders, 
iveii outside scientists, owing largely to barriers of 
a political and linguistic character. In India, we are 
almost completely ignorant of the vast amount of 
Kiissian zoological research. The loss is ours. Of 
Knssian poimlation research, that on mammal and 
insect populations is perhaps the most extensive, 
'fhere is a marked tendency to seek for the causes 
of poimlation fluctuation in climate, and experimental 
work on the American model is not yet much in 
vogue. The Russians lay great stre.ss cm ]»opiilalion 
work for they rightly believe this to be of great 
economic value in the control of vertebrate and in- 
vertebrate agricultural pests, in the study of vertc- 
l^raic reservoirs of diseases and in the sonnd deve- 
lopment of fisheries. The institutions doing poimla- 
lioii research are as multifarious as, tierhaps more so 
flvdu, in the l^S.A., and almost all are post-rcvolu- 
liou (TQ17) creations of the Soviet regime. 

British research on animal population, in the 
•nodcni sense, is also comparatively recent, being 
iihout 20 years old. It owes a great debt to Charles 
ffltoii of Oxford who is a pioneer of that research in 
^'*reat Britain. For years this intrepid zoologist has 
betu carrying on, often against considerable odds, 
population research on mammals and has succeeded 
lu establishing at Oxford a Bureau of Animal Popu- 
latioii of which he is the Director. In 1942 he pub- 


H.shed a fascinating monograph called Voles Mire 
and Lemmings : Problems in Population Dynamics. 
In the main trend, British research is similar to 
Russian work, but I he metluxls emi)Ioyed are some- 
what more elaborate. Kllon’s work on fiopnlalion 
cycles of fnr animals of Northern Canada is an ex- 
cellent instance of what can be done liy a critical 
examination of old archives. 

German research on animal population dynamics 
is both older and more advanced than that in Grc*!!! 
Britain, and is coiidiicled largely in llie agricultural 
and forest Reichanstalts. It is intfnuitely related both 
to agricultural and public lieallli economy. 


PRAn'iCAL AermcATioNs 

Quite apart from the fuiidaniental aspect of 
animal population research for the advancement of 
biological knowledge, the work has practical appli- 
cations of the highest value to agriculture, fisheries 
and public health. Plagues of insects and mammals 
(especially voles and mouce-like rodents) are familiar 
to agriculturists all the world over. Iweii in normal 
years, these enemies levy heavy toll 011 our granary. 
Periodicall}^ when the enemy poi>ulation increases 
alarmingly, a famine might, and indeed does, result 
in many cases. The amount of grain carried away 
annually by mice and moles to the burrows runs into 
hundreds of maunds. Poor people in Bihar, and 
perhaps elsewhere, dig out and eat this grain. This 
habit lormecl the subject of a discussion aP an All- 
India entomological meeting at Pu.sa some 20 years 
ago. The point under consideration was how to con- 
trol ftcM-rals. Gnc of the methods recommendeil was 
the broadcasting of poisoned grain in the burrows, 
to which a member objected on the ground that in 
Bihar mneh of the burrow-grain is consumed by the 
poor who might thus be poisoiicil. 

How vital animal fluctuations can be in the life 
of a nation may be judged from what haiq^eiied in 
(lermany in the last wav. In 1017-18 Germany was 
hard pressed for food owing to Allied blockade.- At 
this critical moment a great vole and mice plague 
overran the country, devouring food which should 
have gone into human stomachs. Referring to this 
plague Klton (op. cii,, p. 50) remarked : ‘‘And one 
can hardly doubt that the great destruction of food 
by voles and mice had an appreciable influence on 
(he War's decision”. 

Fishery catches, espocialK- in the sea, fluctuate 
from year to year and this has been attributed, in 
part, to natural periodic rythms in fish populations, 
and also in those of the plankton on which the fish 
feed. If we knew more about such rythms, and the 
causes that govern them, we could arrive at more 
scientific and rational methods of the production of 
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a food which, as a supplement to agricultural pro- 
ducts, must play in India an ever-increasing role in 
the years to come. 

A practical aspect of pojmlation research, which 
does not hajiijcn to be of outstanding importance to 
India but is of vital importance to Canada, may he 
mentioned in passing, beeaiisc it has been the subject 
of inteiisi\'c research for the last fifteen years and 
illustrates the a])plied side of population research 
very clearly. From the old archives of a number 
of coniniercial companies dealing in fur, Elton was 
able to show the ^xistence of wild-life cycles in a 
number of fur-bearing animals, c.g., red fox, voles 
and martens. In the red fox four-year cycles of 
abundance were established. Tlie existence of these 
cycles has an intimate bearing on the fur trade since 
a year of low population is a precursor to a year 
of lean trade. It is the realization of this practi- 
cal relationship between wild-life cycles and trade 
which must have induced a hard-headed busi- 
ness concern like the Hudson’s Bay Company not 
merely to o])en its confidential archives to inspection 
by the zoologist (Elton) but also to partly finance 
tills j)iece of research. 

Filially, let us briefiy examine the public health, 
importance of poimlation study, especially of rodents 
and iiisectivores. Mammals of these two orders in- 
clude rats, mice, voles, moles and shrews. The close 
relationship between rats and bubonic plague is too 
well-known to need elaboration. An increase in rat 
]K>pulation in towns is of intimate concern to public 
health, mid although there is some rough indication 
of short population rythms in these rodents in India, 
niucli more remains to be done t() understand these 
fluctuations species by species and to a.scertaiii their 
caiLses. Russian zoologists have already recognized 
the importance of this aspect of disease and some 
large scale work is being carried on in the U.S.S.R. 
on the fluctuation of mouse-like rodents associated 
with bubonic plague. Similar fluctuations occur in 
the mouse-like rodents which carry plague in South 
Africa and Rift Valle\' fever of man and sheep in 
East . Africa. Oriental typhus (also called Japanese 
river valley fever or tsutsuugamushi fever), the cause 
of which is a virus, is carried by harvest mites to 
man from a reservoir which is believed to be the 
vole Microlus monlobclloi. Similarly, the endemic 
tyi)lius of the Indian hills around Kasauli (Simla 
Hills, Punjab) is believed to be transmitted by rat- 
fleas with rats (Ratlus rattus group) acting as reser- 
voirs, as was shown some years ago in the Typhus 
Enquiry conducted under the Indian Research Fund 
Association. Needless to emphasize, the study of 
population fluctuation of those rodents which act as 
disease reservoirs— focal points, so to speak, from 
which the disease can be spread in all directions — ^is 
of the utmost importance to jmblic health. At the 


present moment the work is of vital significance in 
the F'ast Asia and Pacific theatres of war for, oriental 
tyjihus extends from Assam and Burma right up to 
New Guinea. Tularaemia is another disease which is 
transmitted by rodents (hares and rabbits) in Norway 
and by water-voles in the U.S.S.R., and considerable 
work is being done in the latter country to study 
fluctuations in their population. 

Considering that mammals play such an import- 
yiit role in the transmission of so many diseases in 
India, it is surprising that the Indian Research Fund 
Association has associated with its research com- 
mittees no inammologist to advise them. 

Prohlkms in India : a Central Research 
Institute Necessarv 

In the foregoing account I have briefly discussed 
the importance of population res^earcli for fundameiitiil 
biological research and, even more so, for api)liccl 
biological research on problems intimately connected 
with agriculture and public health, not to speak of 
other side issues. The ne.xt ciucstioii is where and 
by whom should such research be carried out. 
Perhai)S the only published piece of population re- 
search so far c'orried out in India on .i planned snile 
and sustained for a number of years was the work 
oil the Desert Eocust financed from 1931-3Q by tlic 
Imperial Council of Agriculture Research.* I had tlie 
good fortune to take part in it from its very iiiceiilion, 
and it left me with a healthy respect for the com- 
plexity of the issues involved in the study of poi)ula- 
tion problems in general. F'or, it must be remem- 
bered that though details of technique and procedures 
would vary from class to class and even i)erliap^ 
species to species, the fundamental iiroblems of popu- 
lation are the same for all classes of animals. 'I'liis 
experience, as w ell as a close study of the publisluil 
work of others, enables me to lay down the followiii.L; 
general, principles of population study. Firstly, tlie 
study has to be carried out by a team of workers. 
A single individual, however brilliantly endowed, 
cannot achieve much unaided. Secondly, there must 
be a central organisation wliich should serve as a 
transmitting centre for questions (on information 
w^anted) and a receiving centre for all incoming in- 
formation as regards the population of the animal 
species under enquiry or its close allies. Thirdly, tlu- 
w’ork, to be at all fruitful and reliable, must be con- 
tinued over a long term of years. Short term work 
carried out for 2 or 3 years is not of much use. 
me quote Kltoii (op. cii., p. 207) with whose remarks 
my own experience entirely coincides : “All popnla- 


• The same Ijody started, in IlMO, a scheme for lla' 
study of insect ])opulations in general, which, I thinki 
.still in operation. The resnltH have not yet been publisnc‘1- 
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lion research is tedious, and recjuires a live or ten 
year run if new tecliniques arc to be evolved that 
will produce safe results. The work should be done 
in years of moderate abundance, neither slump nor 
final peak. For great scarcity would prevent any 
work at all, while peak years might introduce the 
complication of sudden mortality. Here the fore- 
casting of the cycle assumes ini[)Oitance once 
more. . . .** And fourthly and finally, tliere must 
be no wild theorisation or reckless formulation of all- 
embracing laws, for, experience of population work 
shows that such laws the correlation of idague 

periodicities with sun-spot cycle, and so on), how- 
ever attractive they might api)ear at first, have not 
generally led to a sound understanding of the causes 
of population flux. We must, therefore, follow the 
more fruitful but tedious method of tracking indi- 
vidual characters and factors in the hope of thus 
l)uilding up, step by step, an edifice which will give 
us a deeper insight into population flux. At the same 
time we must not forget that a certain amount of 
theorisation or postulation of working hypotheses is 
essential, for without them no progressive biological 
research is possible. In India what we need most to 
start with is a patient collection of facts and still 
more facts. Coinjiared to the imposing array of re- 
cords of animal populations figures in Europe and 
America, on which the ideas of wild-life cycles in 
those countries are based, India is almost a perfect 
blank. 


And now the final question : Who can do tliis 
work ? As I have said above, team-work is essential, 
hor studies on insects, excellently equipped institu- 
tions exist at the Centre as well in the Provinces, so 
that what remains neglected is the study of verte- 
brate populations, especially of birds, iiiaiiinials and 
fish. For the study of this problem there should be 
established forthwith a Central Inslilule of Animal 
Population and Migration-^' . stalled by comi)eteut 
zoologists. The main function of the Institute would 
be the study of vertebrate pcjpiilations and migrations 
(particularly of birds and mammals and fisli, though 
other groups may also be studied) from all angles. It 
will do both fiindameiital and ajjplied work. Besides 
a staff of zoologists, one mathematician (pure) and 
one statistician would be a great asset, for a good deal 
of population work involves some mathematical 
knowledge which is not found in the equi[)ment of 
an average biologist. Let us liope that in the great 
scheme of reconstruction in India, this Institute will 
find a worthy place. t 


♦ Several years ago, in my Indian Museum lecture on 
Migration of Hirdii (SciENCK and CcUUkU, 5, 009-678, 1940), 
1 had pleaded for Uie establishment of bird Migration 
Observatories in India. These Oh.servalories should form 
an important part of the Central Institute now visualised. 

t I am greatly obliged to Dr 13. N. Cliopra (Benares) 
and Prof. K. N. Bahl (f^ucknow) for many friendly sugges- 
tions in connection witli this article. 


DISEASES OF RICE AND METHODS FOR THEIR CONTROL 

J. C. vSAIIA 

BOTANY DKHAKTMKNT, PRESIDENCY COI.ElvC'.E, C\I.CrTTA 


Introi)uctb>n 

rice occupies an important position in the 
economic structure of India, where it is the staiile 
food of the majority of her huge population, needs no 
t nijihasis. Although India is the biggest producer of 
nee in the world having an annual out-put of about 
.\S,o<x),ooo tons, China and Japan coining second and 
third in the list with 30,000,000 and 10,600,000 tons 
respectively, her requirement is greater than her pro- 
‘hietion with the result that she has to import annually 
‘‘u enormous quantity from outside. And what bc- 
‘ tlic situation once this outside supply is im- 
paired with has been bitterly demonstrated in these 
tew years since the enemy occupation of Burma, 


which so long used to be the normal source of this 
outside supply. Two courses are open to improve 
India’s rice supply position; (i) to put more land 
under rice cultivation, and this cannot be done with- 
out drawing tlie acreage of other crops, which 

are equally imiuirtant for a balanceil supply of other 
economic as well as fo<xl crops ; (2) to improve out- 
■urn i)er acre by the use of improved seeds, improved 
methods of cultivation, application of artificial ferti- 
lizers, etc. But the release of more land or the im- 
provement in the methods of cultivation, etc., will 
not in itself solve the problem unless we can protect 
and conserve the crop we grow from damages and 
depredations caused by the visitations of fungal 
diseases and insect pests. How often the happy 
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prospect of a bumper crop has ultimately been ruined 
by the sudden outbreak of a disease in an epidemic 
form. So, along with other measures of improvement, 
measures for preventing, restricting and controlling 
losses causefl by diseases and pests should proceed to 
lead us to our desired goal. 

It may be mentioned here that the present posi- 
tion of our knowledge regarding the various diseases 
of rice is not altogether complete. Except a few 
diseases that have been more fully studied, informa- 
tion on many aspects are still lacking ;dK)Ut a number 
of diseases while there are still others regarding which 
investigations have not proceeded beyond the preli- 
minary stage. And whatever knowledge we possess 
at present is spread over the pages of different jour- 
nals, periodicals, etc., that are not readily available 
at hand. The present endeavour is therefore an 


attempt to bring together, and make it available over 
the compass of a few pages, all the main information 
regarding the variou.s diseases that attack the rice 
crop, the extent of damage they cause and the 
measures that are practised to prevent or control their 
damages in various rice growing countries of the 
world. In the following pages the cultivator will find 
information how to protect his crop against diseases 
while a contemplating investigator will have an idea 
of how much work has already been done, of the gaps 
in our knowledge that remains to be bridged over 
S(3 that he may accordingly shape his line of investi- 
gations. 

In the descriptive section, the diseases that are 
definitely known to occur in India have been marked 
with asterisk. 


DTAONOSTIC KUY TO DISKVSKS 


Disease primiirily manifest in the grain or car 
1 )varies destroyed 

(a) Ovary transformed into a green velvety lx)dy measuriiig akout twice the 
size of a normal grain 

ih) Ovary replaced by a mass of black spores, whieli remain f(»r sometime 
enclosed by the ovarian wall ... 

* Ovaries not destroyed 

(a) Kernels coloured vellow 
(h) Kernels coloured black 
(c) Inflorescence attacked and destroyed 
Disease not primarily manifest in the grain or car 
t Tillering excessive 

(a) Black sclerotia on or within the stubbles accompanied often by the 
sterility of the grains 

(5) Chlorotic streaks on leaves, plants stunted 
(<•) Leaves twisted, covered with white downy growth ... 
t Tiileriiig not excessive 
Tillering subnormal 

(a) Brown discolouration of the sheath of the crown- and lower-leaves ... 
Tillering abnormal 

{a) Abnormal elongation of infected tillers; development of adventitious 
roots from the 1st, 2nd, 3rd nodes al)ovc the soil , infected at 
the collar region, and when pulled easily separates at the Ci)nar ... 
Tillering normal 

Roots not normal 

(a) Ro(jts of one kind only, viz., long, thick, coarse roots devoid of 
branches and root hairs ; premature drying up lower leaves . . . 
(M Roots as ill “Pan-Sukh”; head erect, neither Ijends nor droops, 
often completely sterile 

(f) R(k>Is rot away, folluwcil by tlu- death of llie plant 
Roots normal 

I/caf sheath primarily attacked 

(а) St>ots dark brown, irregular ... 

(б) Spots reddish brown at first, the centre turning lighter 

later on 

Leaf sheath n(»t primarily attacked 
Spots not linear 

(a) Greyish black to black spots or streaks on leaves 

(b) White chlorotic, elongated streaks or areas at the tip 

or upper part of the leaves 

(c) Spots pale brown v.'itli ashv grey centres 

(d) Spots having greyish-green, bluish-green or .straw-coloureil 

centres with distinct brown fxjrders 
{e) Spots reddish brown with narrow yellow margin, much 
smaller and round when young, become larger or form 
patches or streaks on leaves, sheaths or stems 
(/) Spots not fonned but all plants over an area become 
stunted, turn yellow and wither aw'av ... ‘ 

Spots much linear 
ia) Spots brown in colour 


b'A1.SK Smi'T. 

Bunt or Buck Smut. 

YeIvIOw Kkr.nku Disi:\sk. 
Buck Kkrni'I, Disk\si:. 
ri>UT\ lilSivXSK. 

ScuKoxiAE Disk ASK. 

Stunt or Dwark Diskvsi:. 
Downy JMh.okw. 

Ol'HIOlKUUS 1)ISK\SK: 

Fusarium Diskxsk 

“Pan-Sukh” Disk.xsk. 

Straight Hkad Disk ask. 
Root Rot Diskask. 

PHYI.I.O.ST1CTA Disease. • 

She XT H Sl’OT DlSKXSE. 

Leaf S.mut. 

White Tip Disk.ask. 

Bu3T Disease. 

Rhizoctonia Disease. 

Hkeminthospor ir m D isease . 
"Myitpo** Disease. 
Ckkcobpora Leaf 5pot. 
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DRSCRIRTION Ol- DISRASieS 
False vSmut* 

Cause : Usiilaginoidea virens (Cke.) Tak.’*' 

This fungus attacks the ear and develops its 
fructifications in the ovary of individual grains. As 
a result they are transformed into nearly round 
velvety green masses measuring more or less twice 
the diameter of the normal grain. These sclerotial 
bodies, composed of pseudoparenchyinatous structure 
especially at the centre, are olive green externally, 
nearly white at the centre and orange-yellow below 
the surface. The olive green colour of tlie sclerotium 
is due to the i)roduction of spores of the same colour 
over its surface. The olive green dusts that stick 
to our fingers on touching a sclerotium are nothing 
but these spores. 'Fhe number of grains infected in 
each ear vary widely depending on tlic intensity of 
the attack. Usually a limited number of grains in 
an car arc infected and these may occupy any posi- 



Fjg. 1. False Smut Disease 


lion on the ear. The sclerotial bodies grown out of 
the ovary of individual grains, burst out above and 
laterally betw^een the glumes. The glumes remain 
niialtered and more ' closely applied to the centre of 
the lower part of the fructification. Cases are also 
found when one or the other of the glumes becomes 
hurried partly or entirely within the tissues of the 
developing sclerotium. 

Occurience , — In India the disease is often seen 
hi Bengal, Bihar, Orissa, some parts of Atadras, 
l\estern Malabar and in Tinnevally. Outside India 


the disetise is widely known in eastern Asia and 
Louisiana (U.S.A.). 

Control Measures . — The complete life history of 
the fungus is not known, nor its mode of infection, 
etc. All attempts to reproduce the disease through 
contaminated seeds or dusting the ear with spores at 
the time of flowering have proved a failure. At the 
same time it is known that the fungus cannot winter 
over in the field for more than a few months. 

**In the absence of knowledge of the full life- 
history of the parasite** (Butler, 1913), it docs not 
become possible to recommend proper remedial 
measures. Fortunately the disease doe‘S not appear in 
any severe form in any rice growing tract of India ; 
and when appears 3 to 6 grains in an ear arc affected, 
and the number of such infectal ears in a field is also 
limited. The loss due to this disease coini)rises not 
so much ill the reduction in yield as to the presence 
of black fragments of the sclerolhiin in the finished 
products the presence of wliich reduce the market 
price. 

Bunt or Black Smut* 

Cause : TiUctia horrida Tak. 

The parasite attacks the individual grains of an 
ear. The fungus is said to enter into the germinating 
grains while still nndcrncath the ground and lives 
within the tissues of the developing plant, becoming 
evident at the time of the grain formation. The 
pathogen now reaches the grain and forms elliptical, 
o])aque mass of black spores, which remain enclosed 
within the thin outer skin (membrane) of the grain. 
As the spore-mass, thus developed, remain enclosed 
by the uninfected glumes, it is usually difficult to 
detect out the infected grains. But in other cases the 
infection becomes evident externally with the forcing 
apart a little of the glumes with the subsequent ex- 
posure of the mass of spores, which now remain stick- 
ing to the glumes of the infected or healthy adjacent 
grains. Depending on the intensity of attack the 
sporemass ma>' entirely replace the kernel or may 
form only a layer inside the eiido.sperin. 

Though nothing is definitely known, it seems 
probable that tlic attack spreads with the infection of 
new flowers by spores from the diseased grains ; the 
seed produced from such smutted flowers will in its 
turn produce plants having a number of grains again 
smutted and thus the cycle goes on. 

Occurrence. — ^I'his disease is wide-spread in its 
distribution, occurring throughout the rice growing 
areas in Burma, China, Siam, Java, Indo-China and 
in parts of the United States. The disease was first re- 
ported from Japan from where it is said to have spread 
out. In India it has been reported from various tracts 
but no where in this country the loss has been severe. 
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Control Measures. — ^'Tliis parasite of rice can be 
controlled by the Miot-water treatment* or by the 
application of the fungicides to the seeds. Experi- 
ments in South Carolina have proved that for pre- 
vention puriK)scs the following procedure is very 
helpful : Put tlie grains in cold water and then re- 
ject the light grains that remain floating on the sur- 
face. These light grains include the infected and 
diseased ones. Then soak the remainder for 24 hours 
in a solution f)f lb. liver of sulphur in 25 gallons 
of water, (;r by soaking the grains for 2 hours in a 
2 per cent solution of the same. This method re- 
mains to be tried in India. 

Scijcrotial Diskask^' 

Cause : Sclcroiium oryzac Catt. 

Though a good number of publications have 
appeared on this subject from many rice-growing 
countries, the opinions still highly differ about the 
symptoms and the extent of damage due to the attack 
of this disease. 

Cattaneo (iSjg), the first discoverer of this 
malady observed black discolouration of the culm 
near the soil level later spreading to leaf sheath, the 
tearing of the epidermis, culminating in the wither- 
ing and death of the plant. His observations were 
confirmed by Bricjsi and Cavara (j8 S6). Hut Butler 
(1913) associated excessive tillering, sterility and 
ba.sal dis('olouration of the stem with the pathogen ; 
while Shaw (1913) closely afterwards held that 
“infected jilants can usually be distinguished from 
their healthy neighbours by the phenomenon of 

‘tillering* The infected culm gradually 

turns yellow and dies ; any grain which it bears is 
light and poorly developed. ... If a diseased culm 
is .split longitudinally the basal portion is found to be 
infected with the fnngu.s . . . . , and small black 
sclerotia can be seen ilotted all over the inner sur- 
face.** 

The recent publications bearing on this subject 
are those by Mundkur (1035), and Luthra and Sattar 
(193b). Miindkur could not correlate sterility or ex- 
cessive tillering nor could produce such or other 
symj>tonis, .said to be a.s.sociatcd with this disease, in 
plants grown “in pots or fields heavily infected with 
.sclerotia’* though in test tube experiments the fungus 
was able to cause the disease. He, however, was able 
to find .considerable sclerotia on rice stubbles. 
Luthra and vSattar, on the other hand, a.ssixriate one 
or the other of the following symptoms with this 
pathogen, vh.:- {i] Stem-rot — 2 to 3 basal leaves 
including their sheaths wither and dry uj), turn dark 
and begin to rot. On nodes under such t heaths small 
darkish spots appear and the infection spreads up and 
somertimes down. The infected region begins to rot 
and becomes so soft that it collapses and the plant 


falls over and dies, but if remains green the ears fail 
to produce any grain (i.e. sterility). (2) Discoloura- 
tion of the bases of stems— here though no rotting of 
stem is visible, bases of culms appear discoloured with 
the production of sclerotia. (3) Drying of basal 
leaves — none of the above synii)tonis arc found but 
some leaf-sheaths and leaf-blades get dried up on 
account of the disease. Sclerotia are visible on such 
leaves and sheaths. And (4) the presence of sclero- 
tia on stubbles without any damage. 

The disease in one or more of its symptoms, i.s 
widely distributcil in India and Burma, and has also 
been reported from many countries viz., Ceylon, 
Indo-China, Japan, the Philippines, Italy, Arkansas, 
Louisiana and Texas. 

The extent of the damage due to this disease 
particularly with reference to India has been variously 
estimated by various investigators. Butler (1913) 
holds that “there is little evidence available that the 
disease occurs on a large enough scale in India to 
make treatment profitable**. Shaw (i9r3) says that 
“it i.s the loss of grain which constitutes the most 
serious damage by this fungus”. But, Mundkiu 
(1935) claim.s that “under normal Indian conditions 
these fungi arc unable to j^roduce disease in the rice 
crop*’. While Luthra and vSatlar (1936) estimate the 
damage to vary from 5 to as high as 80 per cent in 
some places. 

Occurrence . — The disease is reported in one or 
the other of its symptoms from almost all rice grow- 
ing countries of the world. 

Control Measures . — Nothing is definitely known 
about the control practices that will help to keep 
down the lo.sses. As sclerotia perinate in the .soil 
rotation should be practised. Hand-picking of 
disea.sed plants and burning them out have also been 
suggested. Proper irrigation is said to keep down the 
damage. 


Hkiminthosporium Disease* 

Cause : Helminlhosporium orzac Miy. Hori. 

'J'he .symptoms appear first on the leaves spread- 
ing soon to other aerial parts of the plant. Small 
brown spots measuring i — to mm. r 0*5 — ^4*0 mm. 
appear on both surfaces of the leaves, leaf sheaths 
and later oh glumes. These spots may increase in 
size, darken in the middle with a fine yellow margin 
and may merge together so that large brown areas 
become visible. As a result the leaves wither and 
dry up, pre.senting an yellowish ap]:)earance. In 
severe cases of leaf attack or glume attack the paddy 
grains do not develop property and become shrivelled 
up and discoloured. Later in the season the basal 
nodes of the rachis are attached and the affected re- 
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Kion Hi>t>ears velvety, darkened, and the ear becomes 
curvetl rather widely. 



Fig. 2. Ilelmtiilliosporium 
Disease 

The disease is soinetinies known as tlie stripe 
disease. 

If the disease apiiears very early when the seed- 
lings are only a conplc of inches tall, a considerable 
portion of them die away while the surviving ones 
l)econie weak. The struggling plants often remain 
^lerilc. 

The atmospheric conditions that predispose rice 
lo the attack by this malady arc: (i) clondy and 
lo.ggy weather, (2) heavy and continued showers for 
a period of days together. 

(Occurrence. — The disease is wide .spread in ils 
distribution being found in India, Biirnia, Ceylon, 
Indo-China, Japan, the Philipinnes, and Italy, and as 
saprophytes on rice in Louisiana and China, 

Control Measures . — The fungus lives from .sea.son 
to season through spores remaining in the soil or on 
diseased grains and plant parts. Further it is also 
known that a number of grasses and weeds near alx)ut 
the paddy field as w’ell as the volunteer paddy plants 
that grow in the same field after iiaddy is harvested 
i^^-t as the alternate host plants during the period 
between the harve.st and next year's sow’ing. But it 
still remains to be determined if all or any one of 
the above acts as the principal source from which 
ttic infection starts next year. 

The control measures that are rcconiineiided and 
1'1’acti.seil in one country or the other may he emiiiie- 
»ated as follows: (i) Rotation of crops; (2) Seed 
dressings by steeping the seed grains in 2 per cent 

3 


solution of blue vilrol for 10 minutes as practised in 
U. S. A., or by soaking the grains in ordinary water 
for 8-12 hours and then treating the seeds in hot-watcr 
maintained at 50® — 52°C for 10 minutes. vSeed treat- 
ment with 2 per cent mercuric chloride solution is 
also i)raclised in .some countries, (.^) Spraying ()f in- 
fected seed-beds or fields w-ith Bordeaux mixture. 

It may be mentioned here that the loss due to 
this disease has assumed a serious proportion in re- 
cent years. It broke out in such a severe epidemic 
form over Bengal, csi*eciallv in northern and w'esterii 
districts in the year 1942 that it contributed a share 
in the Bengal food famine of 

“P.AN-SnKH” ni.SEXSK" 

Cause : Physiological 

The first sign of the disease, as the vernacular 
name signifies, is the drying ui> of the outer leaves 
of the plant. Fhirthcr, the root system of an affected 
plant Is abnormal in that while the normal plant bears 
two kinds of roots — (0 long, thick, coarse roots {i.e. 
water roots), and (//) a thick mat of fine, entangled 
secondary roots firmly adhering to the soil particles, 
those of the diseased plants are of one kind only, viz,, 
long coarse roots {i.e. water roots) which are very 
rarely branched, devoid of root Iiairs and dead or 
dying at the tips. . 

The effect of the disease on the lifc-cyclc of the 
plant is variable depending on the age of the plant. 
If the attack brcak.s early when they arc very young 
the [)lant produces few tillers, few leaves and scarcely 
develops any head ; if later on in the season, depend- 
ing on the time, the head may come out a little, half 
in length or almost fully but in any case the grains 
are not filled though the glumes remain normal in 
shape, form and colour. If liowever, tlic attack breaks 
out late when the plants are fully grown and the 
grains almost filled up, the only symptom is the pre- 
mature drying of the outer leaves. 

The diseased plants, though greatly reduced in 
vigour, do not altogether die because such affected 
plants produce a few new adventitious roots from the 
upper submerged nodes ; and these new roots are 
sufficient just to keep the plant alive but not enough 
to meet the increasing demand of either a vigorous 
vegetative growth or that during ear emergence. 

It may be mentioned licre that the disease out- 
breaks w'hen water stands continuously for a long 
time at the earlier stages of the growth of the plant. 
In many cases the diseased field becomes conspicuous 
by the presence of a few’ green leaves in a mass of 
dead brown leaves. 

Occurrencc.—So far known at present, the disease 
is limited in its distribution in certain regions of the 
Central Provinces ; and it s quite likely that further 
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searches iiiighl show its presence in other parts of the 
country as well. 

Control Measures. — ^^flie disease can be effectively 
controlled and the plants put forth again to a vigorous 
and normal growl li if the water in the field is drained 
off as soon as the synii)toms begin to appear. If the 
disea.'^c appear laic in the seavSoii w'hen the plants are 
heading water cannot l>e drained off without impair- 
ing the grain formation, the application then of 30 
to 50 lbs. of ammonium sulphate per acre stops not 
only the further i)idgress of the disease but also helps 
the jilaiits to head normally. 

STRAUniT-IlK.M) DkSKASU"' 

Cau.se : Physiological 

As the name suggests tlie chief symptom of the 
disea.se is that the heads (i.e. panicles) are nearly 
sterile and stand erect in contrast to the normal heads 
that arc drooping. (Hher characters wdiich also help 
in the diagnosis of the disease before or after heading 
are ; the leaves are greener, .stiffer and stand more 
erect than the normal ones ; the sheaths adhere more 
closely and firmly to the culm ; diseased plants re- 
main green longer than the normal plants and the 
root system of such a plant is abnormal in that while 
large, coarser roots {i.e. water roots) arc produced 
amply and branched sparingly as compared with the 
normal plants, the thick mat of fine, entwined 
secondary roots are very limitedly produced. Depend- 
ing on the intensity of the di.sea.se, the head may 
come ottt almost completely, partly or not at all ; 
the glumes or other parts of the inflorescence are 
aborted, distorted or perfect, but the flowers still re- 
main sterile and therefcu'c no kernels are formed. 

Tliough oi)inion is at one that improper soil 
aeration is the cause of the disea.se, different workers 
suggest different exidanations of how this deficit of 
oxygen in the soil is brought about. 

Occurrence. — The disease is known from India, 
Ihirma, the Philippines and Bulgaria but it is only in 
the southern states of U.»S.A. that the disease assumes 
destructive form among the irrigated rice. 

Control Measures. — Tlie straight-head disease can 
effectively be prevented if the fields are irrigated for 
a period of 5-6 wx'eks beginning from the time the 
plants are to- 12 days old. If the disease appear at this 
time the field may be drained out and left half dry 
for 2 to .3 weeks. When the plants apjiear withering 
and \'ellownsh, w'ater may again be allowed to enter 
and stand there for the rest of the season. 

Stunt or Dwarf Dlsi^asi: 

Cause : Virus 

The disease, as the name implies, is characterised 
by the general stuiuing of the plant accompanied by 


excessive tillering and dark green colouration of the 
leaves. The characteristic chlorotic areas appear 
before the leaves unroll ; these areas elongate and 
extend along the leaf parallel to the veins and the 
midrib forming fine, continuous streaks, varying from 
minute dots to several millimeters in length and o’r 
to 1 mm. in breadth. The chlorotic areas appear 
white in tran.smitted light. The infection becomes 
very severe when younger plants arc attacked, they 
become very badly stunted and produce, if any, a 
limited numl)er of dwarf sterile panicles- 

The disease does not spread through soil, seed, 
leaf mutilation or by juice injection but through the 
eggs of a specific iii.scct vc.stor, viz., Nephotcitix 
apicalis var. cincticeps. 

Occurrence . — This disease appears in severe 
form in western Japan. 

Control Measures . — The control measures con- 
sist in the elimination of the specific insects througli 
iii.secticidal sprays and the eradication and burnin;.; 
out of any plant that may show any symptoms of 
virus infection. 

Lkai'* Smut'*- 

Cause: Plnlylomn oryzac Syd. 

The disca.se api)ears at the flowering time ami 
attacks the leaves forming greyish-black streaks 
thereon. In severe cases the attack extends on to the 
stem. These spots (sori) contain the black spores of 
the fungus. As a result of such destruction of tin- 
green tissues, the photo.syiithetic activity is greatlv 
hindered in conseciuence of whicli the grains on tli*.- 
car, though not attacked, fail to fill nf)rmally anil 
necessarily there is a great reduction in yield. 'flK* 
disea.se is sporadic in its appearance becomiir.: 
epidemic once in three or four years. 

Occurrence . — The disease has been repork' 1 
from Bihar, (.)ris.sa, Poona, Dower Burma, Japan, and 
Arkansas, Louisiana and Texas in the United Staler. 

Udhatta Diskase* 

Cause : Ephelis oryzae Syd . 

The fungus was first noted in Coimbatore in 
and was identified later to be Ephelis oryzac. The 
disease appears at the flow^ering time and attacks the 
inflorescence, which later on becomes completely 
destroyed. 

Occurrence . — This disease has been recorded in 
Madras, Poona, Bombay and the Central Provinces- 

Control Measures . — Nothing much is known 
about the disease so as to suggest any helpful control 
measure. Further researches on this subject are re- 
quired, 
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Ophiotoujs Diseask 
Cause : Ophiobolus oryzinus Sacc. 

Ophiobolus oryzinus attacks rice plants in 
seedling or heading stage dei,)ending soinctinies on 
tlic host variety. The plants are not generally killed 
outright but greatly injured as a result of retarded 
photosynthetic activity due to the killing of the 
green tissues of the leaves. The disease is further 
characterised by a brown discolouration of the sheaths 
of the crown leaves of the plant progressing later to 
those leaves situated nuich below. On the inner sur- 
face of such sheaths dark reddish brown mycelial 
mats are seen and there develop in the discoloured 
tissue considerable perithecia. The culms are also 
infected but do not bear perithecia. Infected plants 
scarcely i)ro<hice any tiller, and freciuently not more 
than a single head in a clump is produced. 

(Occurrence . — This disei\se has been reported 
from the Philippines, Japan and Arkansas and 
Stuttgart ■ in Ark (ILS.A) and Colombo. 

^ Control Measures . — Nothing is known about its 
control measures. 

Pi I V IJ/)ST1 CT A I ) I SICA s ic 

Cause: Phylhslicla oryzac Cook. et. Mass. 

T'he fungus attacks the leaf sheath forming 
irregular dark brown patches whose centres become 
lighter as they enlarge, destroying the sheath and 
thereby injuring the leaf blade. Hut in the Philippines 
the fungus forms small .si)ots on the leaves, {some- 
times the attack is so serious as to cause the leaves 
to turn pale and die. As a result of such an attack 
the grains within the glumes turn brown and beconic 
worthless ; and when the glumes are themselves in- 
fected no grains arc formed or if already formed as 
in the cases when the glumes are attacked later, the 
.t^rains become spotted and valueless. 

OccttrrtJnce. — ^^fhe disease lias been reported from 
Japan, Ceylon, China, P'ormosa and the Philippines, 
Arkansas, Louisiana and Texas. 

Control Measures . — No precise work has been 
clone on the aspect of controlling the diseases. For- 
tunately the disease has never been severe. 

Rhizoctonia Disease* 

Cause : Rhizocionia sp. 

The disease attacks stems, leaves and outer leaf 
sheaths of seedling and mature rice plants and in the 
long run is the cause of serious losses. The sixils on 
the leaves and sheaths have greyish-green, bluish- 
Rieen or straw-coloured centres with distinct brown 
holders. The spots, which remain very distinct even 
after the death of the infected plant, are usually 


elliptical to oblong when young but become large 
and irregular by coalescence later. In severe attacks 
most of the outer leaves die and fall off and the parts 
of the plant above the region of attack turn 
yellow. Dwarfing and complete sterility of the 
panicles may result from the attack of this fungus. 
Ihiring moist weather minute drops of yellowish 
brown licpiid are seen collected on the surface of the 
lesions. On the surface of the diseased tissues are 
seen growing brownish, silky mycelium, which later 
produces sclerolia. Selerotia are at first white, then 
finally brown, and at maturity fall lo the ground. 
The infection may arise from llic fungus hibernating 
in the soil or from contact with a similarly diseasetl 
]>]ant. 

Occurrence . — The disea.se has been reijorted from 
the Philippines, and also from the following conn- 
tries where the exlent of tlie damage by this 
pathogen is not i)arlicularly known, namely, India, 
Ceylon, Japan and the Lnited Slates. 

Control Measures . — As the pathogen perinates 
ill the soil the latter should be sterilized by beating. 
This is practicable and very useful in small plantings 
as in seed-beds. In badly infected fields the dead 
and diseased plant materials should be collected and 
burnt. After a lieavy rain tlie land should be 
ploughed to bury tlie sclerolia (which are then killed 
within 5 months), harrowed and rolled. If the field 
can be flooded and kept under water for a period of 
three months the fungus is easily exterminated. 
Rotation of crop is not heli)fiil but thin planting has 
a beneficial effect. 

SiiKATii SiHvr Disease 

Cause: Trkhoderma lignorinn (Tode) Harz. 

This new sheath spot di.sease of rice has recently 
been described from the United vStates causing con- 
siderable damage to the crop in Texas, Louisiana and 
Arkansas. The fungus attacks the leaf slieaths, and 
invasion of the culm.s is very rare. The lesions 
become first visible on the sheaths at aboul the water 
line during the middle part of July as reddish-brown 
(“light seal brown*’ according to Ridgway) spots and 
measure 2 — 3 nun. by i inni. Soon afterward they 
enlarge considerably becoming as large as lo mm. ; 
the centres of the.se spots now turn lighter in colour 
(“cream” according to Ridgway). 

Sometimes the central portion of the spot is 
irregular in outline due to the very slow bleaching 
of the tissues, over the vascular strands. Occasionally 
a definite strip extending from the base to the tip of 
the leaf may develop apparently in continuation of 
the sheath infection. Such spots whether on the 
sheath alone or on both the blade and the sheath, 
cause ultimately the death of most of the leaves as si, 
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result of which the phmts die or it survive fail to 
produce healthy cars. 

Control Measures. — No work has yet been done 
on aspects of controlling the disease. 

K(X)T-Rcyr Diskask* 

Cause: rndetermined 

The root-rot (also known as ‘mcntekM disease 
attacks the root system of seedlings or young plants 
especially those growing on alluvial fields. Karly 
stagnation of water or heavy and continued rains 
arc said to be the favourable conditions for the spread 
of the disease. 

OcGtirrcwcc. -The disease has been reported 
from Uengal, Japan^ the IMiilippines, Java and Dutch 
Hast Indies. In the latter country the disease causes 
great damage. 

Control Measures.-^A]^y\[aiiion to the soil of 
double supersulphate minimises the extent of the 
damage. 

Fusarium Diskask* 

Cause : Fusarium sp. 

This disease may ai)pear in the seedling stage 
or later. When .seedlings arc attacked they turn pale 
or yellowish-green and die, whether transplanted or 
not. In older plants the disease is characterised by 
the abnontial elongation of the infected tillers which 
CQUie into *si)ot blade* several weeks before the rest 
of the healthy crop ; they bear pale green Ijoot leaves 


and .shoot conspicuously above the general level of 
the crop. Tlie culms of sucli plants come out of their 
sheaths, revealing the basal regions of the inter- 
nodes. These plants are particularly attacked at the 
collar region and succumb within a week ; when 
pulled up the dead plants easily sei)arate at the 
collar. The leaves are characterised by turning brown 
at the margin and remaining green longer in a strip 
on both sides along the midrib, the leaves ultimately 
drying up one after another from below. The culm 
also produces adventitious roots from the first, second 
and the third node alK)ve the soil but the under 
ground root .system remains normal. The diseased 
plant on splitting .shows a distinct discolouration of 
the spongy tissues near the node. The fungus is 
sometimes said fo cause sterility in plants. 

Ill Japan the fungus cau.ses more or less the same 
symptoms in the seedlings where its effect is com- 
monly known as Miakanae* but the adventitious 
roots are not produced nor the other symiiloms on 
the mature i>lants are seen. 

Occurrence. — The . disease is reported from 
Manipur, Ooiirdaspur, Pusa and Madras in India, 
from Japan, China, Ceylon, United vStates, the 
Philippines, British Guiana, Madagascar, Intlo- 
China and other countries. 

Control Measures . — The disease can be con- 
trolled to some extent by half an hour’s treatment of 
the seed with 2% copper sulphate solution before 
sowing. 

{To be concluded} 


THE FAMINE AND DISINTEGRATION OF EDUCATION IN 

RURAL BENGAL 


K. P. niATToPADlIYAY and RAMKIUSHNA .MUKHURJICA 


InTR01)UCTU)N 


Sampling Procedure 


p^DUCATION in Bengal has .suffered a serious set 
back since 1043 on account of the famine and 
its aftermath, the epidemic. In the following note 
an attemjit has been made to determine the degree 
of disintegration of general education (primary, 
middle and high standard) in Rural Bengal as -well 
as its causes. The di.scussion is based on the material 
collected in the course of a samyde survey carried 
out along with the Bengal Reliabilitaiion enquiry 
conducted by oiie of the writers- (Prof. K. P, Chatto- 
padhyay) in collaboration with the Indian Statistical 
Institute in the latter part of 1944. 


In 1043-44 the intensity of the famine and 
epidemic differed markedly in different parts of 
Bengal. Therefore an attem])t has been made to 
group the different areas in a few homogcneou.s 
classes based on the intensity of affection in io4.T 
The basis of grouping followed in the enquiry has 
been the classification adopted by the Rcvciiiu* 
Department, Government of Bengal.' In that classi- 
fication (Appendix 1) 12 subdivisions were placc<l 

scheme for Relief and RHiabilitatkm in Bengal 0 ^^’ 
venue Department) Goveflkni^l of l^ngal, 1944. 



July, 1946 


FAMINE AND DISINTEGRATION OF EDUCATION IN RURAL BENGAI, 


21 


in class I as most severely affected, in class 11(a) 
as moderately affected, 12 in class 11(b) as also 
moderately affected but less than the preceding class 
and 6 in class III as slightly affected. The remain- 
ing 43 subdivisions (which may be^ grouped in 
class IV) were slated to have been very slightly 
affected or not at all. A list of the subdivisions 
studied is given in api)endix 2. We studied all the 
12 subdivisions in class T, g in class 11(a). all the 
12 in class 11 (b), 4 in class III and 3 in class IV. 
In each of the selected subdivision a number of 
villages were taken up at random, and the number 
of students (boys and girls) in each village in the 
year 1939-40, and the middle two quarters (July- 
becember) of 194.S-44 and 1944-45 was recorded by 
personal enquiry. 

Naturk ok Material 

Table 1 gives the number of subdivisions, 
villages, and total number of students studied in 
each group. It indicates that the samples taken 
were fairly large and so should give a reliable 
estimate of the disintegration of education in Rural 
llengal. 

T.NBIvE I 

Total NCMnua ok smmivisioNS, viu.ac.ks and i*oim latiox i\ 
liACH cuss AND THR NTTMHKK OK SUIIDI VISIONS, VII.LAC.RS AND 
STCDKNTS IN TUK VILUCKS SCKVKYRD IIY CUSS OF AKKRCTION 
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The classification adopted by the Revenue 
Department has been proved by our analysi.s to l>e 
somewhat arbitrary. Tables 2 and 3 represent the 
euuiulative frequency distribution of tlie villages 
surveyed by class of affection under the proportion 
nf students in 1943 and 1944 in percentages of the 
number in 1939. 

It will be noticed from cols. (7)— (11) of table 2, 
that column (7) which gives the percentage of 
^»tudents in area included under Class I reveals the 
J'orst conditions, compared to the other areas. The 
inclusten of the areas in Class I is therefore justified. 


T.vm.E 2 

Cc-MCUTIVK KKKOnCNCV DI.STRIUr'flO.N *»F VM.IVW'.S ItV Cl.\SS 
OK AFKRCTIOX I XDKK THK I'KOl'OKiloN oK STCDi NTS IN I!M3 
TO 1939 AS KRRCKNTAC.K 


Cuninlalive frequt*m\\ dis-lrilmlioii (if vjll.'mes 
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Hut the figures for the remaining four columns (R)— 
(11; which arc for the other four classes, arrange<1, 
allegedly in order of decreasing affection, do not show 
any .such gradation. Any estimation of the degree 


TABLb: 3 

CUMlT.AriVK KRKQDKNCV DISTRIIU' flON OF VII.LAO.IS IIY CLASS 
OF AKFKCTIOX tJNDIvK THK I*ROI»ORTION oF STrDhXTS IN 194-1 
TO 1939 AS rKRCKXTAr.K 


I Ctiiiiulalivo frequeiK'v distrilailioii of Aillages 


l*errcnta,uf! Number surveyed ; Perecuiaue of Voial 
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of disintegration of education in each class of area 
has not therefore been attempted. Only the pro- 
vincial estimates are given as statistically valid. 
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]{xtknt ny 1)isintkgratk)n 

Tal)lc .1 indicalcb thu extent of disintegration 
of education in Rural Ucngal in ig4.s and ig44. 

TAULli 4=* 

l*l•RCI•:^fA^a• lusTKini’Tio.N ok viu..ua;s in Kcrai, Hkno^i, in 
1943 ANO 1944 TTNOhR rKOl'OKriON OK S'lTDKNTS IN 1943 ANI» 
1944 SHOWN AS PKRCKNTAC'.K OK NUMRKKS IN 1939 


Distrilmtioii of villji.ees in 
percent a.v»f of total 

Pci cental: c (jf siutlciils 
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1943-44 another 4% followed suit. The further 
deterioration in 1 043-44 as shown here is however 
not yet statistically significant. 

- TABLE 5’ 

Mean and standard kkror ok ratios ok stitdents in 1943 
AND 1944 AS I»KRCENTA(;K OK 1939 BY CI.ASS OK AKKKCTION* AND 
KOR RTIKAI. BRNOAI. 


Mean ratio of students in 
percenlagc of 1939 willi 
standard error 

C‘]iissit1('atioii 



1943 

1 

1944 

(h 

( 2 ) 

( 2 ) 

t'las.s I 

00 1. ^ 

57 ±3 

Cla.ss II (:i) 

, 77.1:7 

75 ±8 

Class 11 (b) 

... ; 854-13 

74 1 9 

Class III 

... ; 78t2 

72±7 

Class IV 

.. 1 N2i5 

109 ±-1 

Rural Bengal 

... 1 87 + 3 

83+3 


CORRKCTKI) RSTIMATKS OF Tim PROPORTION OF 
DlSINTKr.RATION 


It is ohvioujf from cols. (2) and (3) of the table 
lliat though the proportion of students in 1Q43 and 
ig44 to the nunibeTs in iQAg hits a very wide range 
of distribution the variation is mostly towards dete- 
rioration and not towards iinprovenient. We may 
lake for the present the villages in which the number 
of .students varied from gi-iio as “normaP’, that is, 
a layer which remained stationery. We shall see 
later that this concept requires modification. How- 
ever, at this stage we may say definitely that in 
Rural Bengal the educational system had suffered 
severely in 66 and' 65 percent respectively of the 
villages in 1943 and 1944. In 7 percent of the 
villages all education disappeared in 1943, and this 
condition persisted in 1944. 

Mean Proihirtion of Disintkoratio.n 


The numerical strength of students in Bengal 
did not remain the same year after year in normal 
times, but maintained a .steady thoiigli slow progress. 
The annual figures published by the (".overmnenl of 
Bengal in their Report on Public Instruction indicalc 
that the rate of progress has also been increasing 
from year to year. This is in accord with the 
general impression, that in recent years at least the 
numerical strength of students has kept pace with 
and slightly surpas /^d the increase in number of 
children of school going age due to growth 0) 
population.'* Therefore correct estimates of disinte- 
gration of education can only be obtained from the 
expected roll strengths on the basis of this rate ol 
increase* and the actual roll strength in 1943 and 194.1 
A study on the ba.sis of proportions with respect to tlie 
numbers in 1939 will be definitely an underestimate 


Table 5 gives the mean and standard error of the 
proportion of students in 1943 and 1944 percentage 
of 1939 by class of affection and for Rural Bengal 

as a whole. As noted in a previous paragraph the 

figures for the different classes will not be separately 
discussed: 

The inovincial e.stimates shown at the bottom 

of cols. (2) and (3) indicate that 13% of the roll 

strength in 1939 was lost during 1939-43 and during 


* Weights used in calculating the provincial estimates 
of the extent of disintegration of education from the res- 
pective proportions in the different groups of affection are 
the total number of villages in each group according to the 
Census of 1941. 


•’ Weights used in calculating the provincial estinialcf' 
from the respective proportions in different groups of affec- 
tion are the total rural population (calculated by deducting 
the urban from total population) in each group at llic 
beginning of 1943, derived by interpolation fnim the Censu*' 
reports of 1931 and 1941. Number of students, instead of 
]>opulation, should have been a better weight in any estimate, 
of the students but a.s such figures by sulxlivision are not 
available in official reports, the population figures have 
been used as the next best, inasmuch a.s the increa.se in 
number of .students will naturally have a positive correla- 
tion with the growth in population. 

* According to the Reports on Public Instruction, Ckw 
ernment of Bengal, the total number of students in higli. 
middle and primary schools of Rural Bengal has increased 
from 2-11 millions to 3*19 millions, an increment of 51%. 
during 1930-31 to 1940-4 1 ; while during I93M1, the total 
rural population has increased by 15% from 46-43 niillion.s 
to 54-37 millions. 
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Table 6 gives the expected and the actual number 
of students in lakhs and the luiinber of proiiortioii 
of’ corrected estimates of loss of students in Rural 
Bengal in IQ43 and 1944. 

The great extent of disintegration revealed in 
table 6 is in agreement with the wide range of 
variations in the i)ercentage of students seen in 
table 4 and the high standard errors of the mean 
pnjportioiis of students in 1943 and 1944 h) the 
numbers in I939i noted in table 5. lligli standard 
errors indicating a wide range of disintegration are 
also due to the fact that eduoaluju in Rural Bengal 
is mainly restricted to the upper and middle layers 
of the population, as three fourths of the expenses 
(m education have to be btjrne by the guardians of 
hludents and by the local authorities. Disintegration 
of education naturally depended principally on the 
socio-economic composition of the population in the 
villages and their power to fight tlie consequences 
of. the famine. This varied largely in the different 
areas. 


TAItbP: 6‘ 

KSTIMATRS Ol^ KXl'KCl’Kl) ANU ACTCAI, XOMKKH or STl Oh.NTS IN 
I.\KHS IN RURAI, BKNOAI. AND TliK MJMHIR ANO l*ROI»ORTlO\ 
OF (CoRRIvCTKDj K.STlMATlvU I.OSS OF STrOli.NTS IN 194.1 AND 1944 


Students (ill hikli'i) in Rural 
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Karlier we noted that the gross or tmcorrected 
estimates of the loss in number of students in 1943 

•'The expected iiuiiilier of students (col. 2) f<»r 1943 
has been calculated from the lale.sl available oHicial figure, 
of 1940-41 at the rate of increase of 6-3'V, i»er year, the 
rate during 1939-40 to 1940-41. This rate, might he an un- 
ilerestimate, since this is the probable rate for 1941-42, and 
ill 1942-43 it could have been still higher. However, it is 
possible that, on c^rcount of evacuation and panic in 1941-42 
due to the threat of invasion (the effect of which in Rural 
hengal was probably very little), further progress was not 
effected and the rate of tlie previous year can be assumed to 
liave been niaintained if famine conditions had n<»t iiiter- 
yened. Expected roll strength for 1944 has lieen ilerived 
from the estimated actual figures for 1943 at the rate of 
iucrea.se of 6-3% in the year. The old rate has been assum- 
ed since, if the disturbing factor lia<l c:eased lo exist after 
1943 and the normal condition hail been re.stored, at least 
the 1940-41 rate of increment (if not a still higher one) 
must have come in. 

hi col. (3) the actual roll streufjfihs in 1943 and 1944 
IS'® been estimated from the respective proportiofi.s of 1939 
If “at is, 87 aiij 83 pej. cents as stiou'n in table 5). The 
ngure of total number of students in 1939 has been olitaiiied 
trom the Report on Public Instruction , (roveniment of 
.jl. 939 - 40 . 


and 1944 came out as 13 and 4 per cent resiicctively, 
of the number at school in 1939. The corrected esti- 
mates reveal a much greater loss namely 27 and 11 
per cent of tlie expected number on rolls. 


CoRKKCTHF) ICSTIMATIC.S OK TIIK UXTiCNT OI' 

Disintkoration 

Table 9 has been iireparcd to show the real 
extent of disintegration of education in Rural Bengal. 
Col. (rj of the table indicates tlie three landmarks 
to be considered to gauge the real extent of dis- 
integration. The stationary layer in this column is 
different for 1943 and 1944 for obvious reasons. Tlie 
roll strength in 1939-40 in Rural Bengal was 
2()‘9 lakhs and the expected figure for 1043 was 
38*3 lakhs, an increment of 28’ 1%. Hence the 
percentage which fell in the class interval 90-110 in 
1939 •'should have shifted to this extent /.r., tq the 
class interval 120-40 approximately. It is the per- 
centage in this interval found in 11)43 which can be 
compared to that for the stationary layer for i()39. 
Again compared to the base year 1939 the ex[»ected 
figures for 1944 jiractically remain the same owing 
to the drop in 1943. Hence the class interval 90-110 
has been considered as the actual stationary level 
for 1944. 


TAHLIi 7 

NrMltKR AND I*ROK)RTU).N OF VIH.M.I-S lll,l,OW, MIOVK AND 
WITHIN THE CORRKCTF.D STATIONARY I.KVKI. OF ROl.I. STRhNin'H 
OF .STDDRNTS IN 1943 (121—140) AM) 1944 (()l 80 ) in 
RCRAI, IlFNilAI, 


\’illagi*s survey'd IVrniilagu (iiOil 

Cla^'^ilii Mlioii of lv.\i.*l 



1943 

1944 

1943 

UM4 

(1) 

(2) 

i (31 

(4) 

(5) 

.Above !>latioii;irv la\er i 

34 

i 89 

12 

32 

Slalioiiary layer ' ' 

IK 

49 

71 

3 

Below .sl:ilioiiar\ laver , 

258 

172 

71 

1)5 


Wliilc the gross estimate noted earlier in para 3 
of the extent of di.sintegration of education in Rural 
Bengal during the famine year gave the ' percentage 
as 66, {30% of villages having improved and 4% 
having remained in the stationary level) the corrected 
estimate gives 71% as its value (only 12% having 
improved and 17% having remained in tlie stationary 
level). Col. (5) of the tabic indicates the extent of 
further disintegration from 1943-44 to 1944-45. If 
the educational system had not disintcgrateil further 
during 194.3-44 to 1 944-45 the villages surveyed 
should have all been represented in or above the 
stationary layer, the layer being defined as noted in 
the foregoing paragraph. But column (5) shows that 
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in 65 per cent of the villages survcyetl education has 
further disintegrated, that only in 32 tier cent of the 
villages it has improved and that it has remained 
stationary in 3 per cent of the areas. 

Caitsk of Disixtko.ration 

The surveyors who collected the statistics were 
also directed to ascertain from the villages and the 
school teachers the reasons for the drop in number 
of students in each case. Owing to the difficulty of 
collecting detailed and evact data on this point, only 
the main factors which could be checked were noted. 

Table records the main causes of disintegration 
of e<lucation in the villages surveyed. 

TAHIJ^ «' 

Numukr am.» rkoi'ORTioN oi* viij..uiHS in which thkkk was 
diSiM‘K(;kaTio.v of KorCAtiON i»i/rinc. 1943-44 ax!» 1944-45, uv 
THK MAI.N CAUSK OF OISIN'fKOR \TrON 


Can’ve of (lisiiitegration (if 
education during 1943-44 
and 1944-4^=S 


I'iiiaiu ial difliciillx of nUkIciiI.s 
Epidemic 

Scarcity of cloth, kerosene 
and hooks 

Students left stmlies to earn j 
uumey . . j 

Death ami cinigraiioii of | 

students from famine, floral | 
and epidemic ... ... j 

.Mirdiiioii of schools . . 

Scarcity of teachers 
Any other cause ... 

Total 


Col. (2) .shows that out r)f 310 villages surveyed 
decline in roll strength from ig3y to ig44 was ob- 
served in 230 villages. This is 74% of the total. 
Col. (3) .shows that financial difficulty, the first effect 
of the food crisis in ig43i mainly accounts for the 
disintegration. Next in order are the epidemic and 
scarcity of cloth, kerosene, and books. It is note- 
worthy that in b% of the villages surveyed .students 
had to leave studies to earn their livelihood. This is 
reported mostly from the subdivisions worst affected 
by famine and epidemic of 1 943-44* the Sadar 
subdivision of Chittagong, and the Tangail and 
Kishorcgaiij .subdivisions of Myniensingh, indicating 
the gravity of the situation in 1943-44. Abolition 
f)f schools and scarcity of teachers also account for 

• III many v-llagcs disintegration of educaiioii wns iluc 
to more than one factor, such as, fiiiaiicial difficulty of 
students und epidemic, etc. Such villages have lx;eti con- 
sidered under the prinifirv factor to make the table pre- 
sentable and not unduly lengthy. 


Villages | f‘crcciit.*igt* 
concerned tif total 
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23 

10 

« i 

i ^ 
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231 ) 

100 


the disintegration of education in a good number of 
villages. These two causes are practically the same, 
both being due to the economic crisis in 1943-44 • 
Due to financial difficulties it was not possible to 
remunerate the teaclicrs adctpiately and run the 
schools, and the teachers, also being unable to meet 
their reiiuiremeiits from tlieir poor pay in tliose days 
of high prices, had to leave their profession for some 
better paid job (ijrobably a war job) elsewhere. On 
the whole, table 8 proves the obvious fact that dis- 
integration of education in Rural Bengal during 
^ 943 ‘M and 1944-45 is clo.sely linked up with and 
should be considered as one of the serious effects of 
the famine and ei>idemic during the iieriod which 
completely upset the iiornial socio-economic balance 
of tile people. 


CONCLITSIOX 

As .statetl in the Introduction an attempt has been 
made in this note to gauge the intensity and causes 
of disintegration of education in Rural Bengal in 
1943-44 and 1944-45. It has been shown that not 
only the steady progress in llie spread of education 
effected from year to year in normal times has been 
completely willed out but deterioration has set in to 
an alarming extent. Table 6 has shown that 27','.. 
of the students in Rural Bengal has lieeii lost in 1943. 
The loss in absolute figure is 10*5 lakhs. The table 
has also indicated that ilisintegralion of education in 
1943 was not a ])a.ssing phenomenon, and that tlie 
situation had deteriorated still more in 1944, 
liaving been a further loss of 3*1 lakhs of stlldenl^ 
ill this period i.c., 11% of the exiiccted roll strengtli. 
Table 7, which indicates the extent of disintegration, 
has also confirmed 'his conclusion. Proper plannin 
should, therefore be immediately taken up U>\ 
educational rehabilitation of Bengal. Table 8 winds 
gives the cause of disintegration has shown that it i*- 
mainly due to the economic collaiise of Bengal in 
1943-44. Any serious scheme for educational re- 
habilitation of Bengal must take this into account an»l 
include it along with the general socio-cconoini( 
I>laiining for rehabilitation in Bengal, of cour.se, wiili 
clue considerations of its special features. 

Tlie seriousness and urgency of the problem will 
be well realised from table 9 which gives the popu- 
lation of school going age (7-17 years) and nuiulxr 
and projiortion of students in Rural Bengal in 1 93^-3* 
and from 1939-40 to 1944-45. 

The age group 7-16 has been selected for reasons 
stated in the notes at the end. It should be obvious 
that the relative value of the percentages in coluiuu 
will change only slightly if the age grade 6 15 had 
been selected. It will be noticed from col. (5) 
table that in 1930-31 only 20*6% of the i>opulation 
of school going age Avere in the primary, middle or 
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high schools in Rural Bengal. In 1939-40 the pro- 
portion was 24‘5i%. In 1940-41 also (the last normal 
period in regard to famine and epidemic for which 
official figures are available) the steady Ircmd of 
increase was maintained. But in the last iwo years 
there has been a considerable set back and the 
educational level has receded to that prevailing twelve 
years earlier. 

TABLE 9^ 

POPULATION OP SCHOOL GOINO Af'.K (7 -17 YK\MS) AM» THK 
MtMBBR AND PROPORTION OP STT’DliNTS IN RITRm. HivNC'.AL IN 

1930>dl AND PROM 1939-40 To 1944-45 
(All figures in lakhs) 


ession 

Total 

Rural popu- 
lation of 

Niunljer of 

t'erceiitage 

population 

school going 
(7- -17 years) 

students 

ofiol. (4) 
to col. (3) 

(1) 

(2) 

(3) 

(4) 

(5) 

1930-31 

435 1 

192-5 

2M 

206 

1939-40 

518-4 

122-1 

^9-9 

24-5 

1940-41 

526-4 

124 0 i 

51-9 

25-7 

1943-44 1 

^51-8 

130-0 

27-8 

21-4 

1944-45 1 

537-5 

126-6 1 

26-6 

1 20-9 


hklucation in Bengal, as in the rest of British 
ruled India, has been exceedingly backward. We 
luive seen from table q that in 1940-41, only 31*9 lakhs 
nf cliildrcn being less than a third of the population 
of school going age were at school. This is on a 
i»ar with the educational conditions in Tsarist Russia, 
just before the revolution of 1917.'* The percentage 
'if literacy in 1941 was 18%, (excluding the i»opula- 
ti'iu in the age group 0-5) a figtire sliglitl\' less than 
dial of Russia ill 1917. The cataclysm whitli has 
^^wept over Bengal in 1943, and the aftereffects of it, 
lia\e put back even this slight “advancement*’ of 


■ Till* population of scIkkiI going age (liigli, innUlle ainl 
I'rimary standard) have been considered as under the age 
.vjrou]) 7-f to 16-f- years. In I he report on “Post P>luca- 
tional Development in India” the upper limit is taken as 
17 years. Hence as education at school starts at a later 
iige in rural than in urban areas 7—10 has been consiMered 
as the school going age instead of 6—15. The total rural 
population under this age group (col. 2) has been cal- 
J'uhitcd from the ratio of this age group to tin* total popu- 
wbon, derived by interpolation from the sample tables of 
llo of 1941. The population at the lieginning of 

n. the session 1930-31), 1939 (for the session 1939-40), 
iiilS session 1940-41), and 1943 (for the session 

jJ43-44) have been derived by interpolation as noted in (3). 
topulation at the beginning of 1944 (for the .session 1944-45) 
naJi been e.stimated from that of 1943 taking into coiisidera- 
1011 the official estimates (Report of the Famine Inquiry 
^omtmssion, Bengal, 1945) of mortality rate— 44-8 per mille, 
®/®‘^JjIated from total death of 2*8 millions and the birth 
mille during 1943. This may lead to a slight 
tftto! ® sample survey all over Bengal gives the 

of Ki as 3-4 millions for 1943. But as the recording 

* also faulty, the error is probably compensated. 

Niou , of Russian Educational Policy (1701-1917) bv 
icnolas Hans, London, 1931. 


education by a dozen years. It would be a Iriiisni to 
state here the importance of education for the pro- 
gress of a people in life. But it seems nevertheless 
to be overlooked. reference to the scheme of re- 
habilitation by tlie Revenue Department, (Government 
of Bengal, for example, does not contain any mention 
of a programme of educational rehabilitation. No 
communiiiuc regarding a scheme of educational re- 
habilitation lias also been iniblished by any oilier 
dciiartment. The small subsidy granted to some 
teachers and students bir a few months cannot be 
de.scribed by this term. 

Unless however the vState come forward to 
co-operate with the general public and loial organi- 
sations, such rehabilitation will not be i>0"si]>le. In 
normal times, inspitc of the chronic poverty c>f the 
people, the major share of educational exiKiises had 
been borne in Bengal not by the (Govcrnnietri , but 
by the guardians of the stiulents and the local 
authorities. Out of a total expenditure of Rs. 253 
lakhs on rural as well as urban schools (primary, 
middle, high) for boys in 19.10-41 the (Government 
met only Rs. 59 lakhs. For similar schools for girls 
the total expenditure for the same period was nearly 
Rs. 45 lakhs, out of which the (Government paid 
Rs. 14 lakhs. For rural areas, the figures are for 
total exjieiises, Rs. 177 lakhs and Rs. io'8 lakhs for 
boys and girls respectively and for (Government con- 
tribution Rs. 45 lakhs and Rs. 4 5 lakhs. The Gov- 
ernment is therefore bearing only a fourth of the 
expenses for boys and about two fifths of that for 
girls. In consequence, education in rural areas is 
restricted mainly to the (economicallv classed) middle 
and upper strata of the population. While the worst 
snffe^er^ in the famine were peoi)le in the lowest 
level, the Rehabilitation Fnipiiry has furnished suffi- 
cient data to indicate that a fair proi)ortion of people 
in the middle layer has been pushed inh) the lower 
level, while the pcoide in the upper level have not 
also escaped entirely from the final effects of the 
devastation. 

Any scheme of educational rehabilitation will 
therefore have to meet the needs of 

A. Children of people who were in the lowest 

level in the villages prior to 1043 and who 
have been reduced to destitution or semi- 
destitution. 

B. Children of persons now in the condition of 

people in the lowest level in normal times. 

C. Children of people in the present middle 

and upper layers. 

For those in class A, not only is free education 
essential, but the children will have to be looked 
after in other ways. Their parents will need actual 
relief until they are able to make a living. It should 
be noted here that the number of such families in- 
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creased considerably d urine, Food as well as 

clothing and books will have lo be furnished to the 
children. P'or children in class B, free education is 
the first essential, and also supply of books, as their 
l)Urcliase has always been a difficulty in the waj" of 
education of children of this economic level. For 
children in class C, supply of books and i)aper etc. 
at controlled i)rices is essential. 

Sickness among students is largely the result of 
lo.ss of vitality due to lack of food. The wiile spread 
shortage of milk even in rural areas is a main con- 
tributory cause to the delay in recovery. In a short 
term planning it is difficult to suggest any remedy 
beyond arrangements for medical aid and supply 
of milk as sick diet to children actually indisposed 
and unable to attend school. In any long term 
planning of economic rehabilitation jirovisioii for 
adequate supply, not only of other food but of milk 
for children must lake a place of importance. 

\Vc have noted earlier in this para that the 
guardians of local authorities bear nearly three 
fourths of the expenses, in the shape of fees and con- 
tribution. If however education is to be free for the 
greater munber of children of families who had pre- 
viously been paying fees, the school authorities must 
make up for this loss of income in other ways. As 
local authorities also derive their income from ta.xes 
on the local people who have been hard hit by the 
famine, these bodies will not be able to do much. 
The deficit must therefore be met by grants from the 
(h)verninent, Since Bengal as a whole has suffered, 
and part at lc»ast of the difficulties are due to Bengal 
having been in the War Zone, contributions from the 
Central (Government can be legitimately demanded. 

Since the schools V)aid the teachers poorly in 
iKjrmal times owing to their low rcceii)ts and teachers 
had to supplement their income in other ways (such 
as private tuition, or other part time work) which arc 
often no longer available, the grants should he 
.sufficient in amount to cover an increase in salary (or 
a Dearness Allowance) commensurate with the ri.se 
in prices. 


ArriiNDix I 

Sub-divisions classified according to degree of 
affection in “A Scheme for Relief and Rehabilitation 
in Heugar* — Revenue Department, Government of 
Bengal. 


Class I. (Most a fleeted i 

1. Arambagh 
Z . Chaudpur . 

3. Chittagong 

4. Cohtai 

5. Diamond Harbour • 

6. ‘Madaripnr 


7. Manikgaiij 

8. Munshigaiij 
. 9. Nilphamari 

10. Noakhali 

11. Tamluk 

12 24 Pargaiia.'*, 


Clas.s 11(a) (Moderately 
affected) 

1 . Barisal 

2. Bhola 

3. Calcutta 

4. Coxbazar 

5. Dacca 

6. Feni 

7. Goalaiida 

8. Kandi 

9. Midnapur 

10. Narayanganj 

11. Satkhira 

12. Serajganj 
13 Tatigail 
14. Tipperali 

Class 11(b). (Moderately 
affected) 

1 . Bankurn 

2. Bisliiiiipnr 

3. Hurdwaii (s) 

4. Faridpur s) 

5. Gaibandha 
6- Ghatal 

7. TTooglily (s) 

8. Howrah ^s) 

9. Kalna 

10. Kushtia 

11. Pabna (s) 

12. Uluberia. 

Cla.ss III (slight ly affecteili 

1. Bogra 

2. Brabiiianberia 

3. Gopalgaiij 

4 Kisborcgaiij 

5. Kurigrani 

6. Narail. 

L'lass IV (very sligtlilv or 
not affected) 

1. Alipur 


2. AsaiLsol 

3. Bagherliat 

4. Balurghat 

5. Bangram 

6. Baraset 

7. Barrackpore 
8 Basirhat 

9. Birbhum (.s) 

10. Chittagong Hill Tracis 

11. Chuadanga 

12. Darjeeling 

13. Dinajpur (s) 

15. Jainaipur 

16. Jangipur 

17. Jessore (.'i) 

18. Jhargraiii 

19. Jhinaidah 

20. Kalimpong 

21. Khulna (s) 

22. Katwa 

23. Kurseong 

24. Lalbagli 
25 Magura 

26. MaUlali 

27. Mcherpur 

28. Mursliidabail (s) 

29. Mvinen.singli 

30. Nadia (.s) 

31. Naogaoii 

32. Nat<*re 
Netrokoiia 

34. Patiiakhali* 

35. Perojpiir 

36. Raj.sbahi (.k) 

37. Uanigarb 
3ft. Uampurbat 

39. Ranagbat 

40. Rangpnr 

41. Siliguri 

42. Serampore 
43 Thakiirgaon. 


Appkndix ir 

Snb-divisions surveyed as clas.sificd according l») 
degree of affection in “A Scheme fi)r Relief .itul 
Rehabilitation in BengaF* — Revenue DepartiiKUl, 


(Government of Bengal. 

C1as.s I. (Mo.st affected) 

1. .’Xranihagli 

2. Cliandpur 

3. Chittagong 

4. C ntai 

5. Dimiiond Harbour 

6. Madaripur 

7. Minikganj 

8. Muiishignnj 

9. Nilphamari 

10. Noakhali 

11. Tamluk 

12. 24 Parganas 


Clas 11(b). (ModeraleK 
affecte<l) 

I . Hankura 
Bi.slinupur 

3. Burdwan (s) 

4. Faridpur (.s) 

5. (^aibandha 

6. Ghatal 

7. Hooghly (s) 

Howrah (s) 

9. Kalna 

10. Kushtia 

11. Pabua (s) 

12. Uluberia 


Class ir(a) . (Moderately 
affected) 

1. Bhola 

2. Feni 

3. Kandi 

4. Midnapur 

5. Narayanganj 

6. Satkhira 

7. Serajganj 

8. Tangail 

9. Tipperah 


Class III. (Slightly affected) 

1. Bogra 

2. Kishorganj 

3. Kurigram 
4 Narail 

Class IV. (Very slightly ‘T 
not affected) 

1'. Baraset 
2. ‘Meherpnr 
3 Nadia <s) 
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OR H. K. Sen, whose death occurred in Calcutta at 
the early age of 56 on the 3rd June last, was born 
at Noorpur, Rajbari, near Goalundo, of a family of 
middle class intellectuals of East Bengal belonging 
10 the village of Baldhara in the district of Dacca. 
Dr Sen’s father, the late Mr. Prasanna Kumar Sen, 
was a Deputy Inspector of Schools, and the family 
had often to be travelling with him and staying in 
different districts in his range. It was thus that 
N'oung Sen came to have his early school education 
at the Annada H, E. School in Brahmanbaria in 
the district of Tipperah from where he passed the 
Entrance Examinattion (equivalent to modern Matri- 
culation) in 1904 in the First Division gaining a 
special scholarship from the School. In July of that 
year, he came to Calcutta and joined the City College 
where the writer first came into his contact. The 
•aciiuaintance begun casually in a college class slowly 
ril>encd into one of those rare, .sublime friendships 
I lie essence of which is a total magnanimity and trust 
lasting through Jife. 'fhe memories of those early 
(lays of college life, of youthful zeal and affection, 
when a day would never seem to be complete without 
;\ friend’s meeting in the evening after college hours 
mostly in the (loledighi (College Sciuare) or elsewhere 
lor a hearty discussion on every subject on earth 
from college studies and professors to the current 
social and political ev^ents of the day, would remain 
sweet and fragrant till the end of life, 

vSen’s educational career in Calcutta began at a 
lime when the whole of Bengal was convulsed with 
exeitement at the partition of Bengal which had just 
heeii effected by Lord Curzon, the Viceroy of India. 
'I'he act aroused country-wide indignation and oppo- 
sition and the students of Calcutta, under the leader- 
ship of the late Mr Surendra Nath Banerji, threw 
theiiLselves heart and .soul into the fight. vSeu, a 
young boy of 15, new to Calcutta, full of ardour and 
enthusiasm for great ideals, would often be found at 
the forefront in the numerous students’ meetings and 
processions which were organised at that time. More 
than political wrongs, the social evils of the co\jntry 
moved Sen deeply, and the discussions and arguments 
into which he plunged with vigour either with his 
fellow-students or with others sometimes generated 
so much heat that it led him into perilous situations 
from which he had to be rescued by his friends. It 
is strange to contemplate that a young lad brought 
np in an orthodox Hindu household, in a remote 
country-side in East Bengal should have developed 
mind so singularly free from bigotry and narrow 
superstitions of any kind. His eager spirit and rest- 
less energy would not allow him to miss any of the 
cultural activities and students* movements in the 
In the afternoon he would often be found 


attending the Bible class of Dr Farquhar in the 
Y.M.C.A. (Overtown Hall) while later in the even- 
ings he would be found eagerly following the lectures 
on Gila delivered by the late Prof. Benoyetulra Natli 
Sen in the Brahmo Samaj of India. 



Dr H. K. Skn 


After passing what was then styled the First 
Examination in Arts, Sen continued in tlie same 
college and, in due course, took his H.A. degree 
(B. Course} in 1908. In July that year lie joined the 
Presidency College, Calcutta, for the M.A. Degree 
course in Chemistry. Physics was his forte in his 
B.A. Degree course but he look Chemistry for the 
M.A. degree probably more from his anxiety to be 
near his old comrade than from any inn.itc love of the 
.subject. The year 1908 was rather an imporlatnt 
year in the annals of the University of Calcutta. The 
new regulations for the M.A. and M.vSe. degree 
courses were first introduced in that ycfn*. The 
courses in Chemistry were extensive and heavy and 
there was hardly an advanced treatise in Chemistry 
published up-to-date which had not been included in 
the text-books prescribed for the degree. Nobody - 
neither the .students nor the teachers — had a clear 
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idea as to how iiiucli was expt'Cted by way of lectures 
and deiiionslralioiis for the new courses. The result 
was that the students were left almost entirely to 
tlieinselves for a major portion of both the practical 
courses and the theoretical studies. Inorganic 
Chemistry was the main branch of the Science 
taught in those days and so far as practical work was 
concerned, the essence of all knowledge on the su!>- 
ject was to be found in Kresenius* book on qualita- 
tive and quantitative analysis. The acme of perfec- 
tion was reached by a student when he could analyse 
correctly a complete mixture of 20 radicals contain- 
ing a sulphide, a sulphite, a sulphate and a thiosul- 
l»hate ! Physical Chemistry was then in its infancy 
in the Indian Universities and so far as practical 
work in Organic . Chemistry was concerned, the 
preiJaratioii and analysis of even a simple organic 
chemical was considered to be a rare feat and looked 
on with reverence and awe. The tremendous vitality 
and energy of young Sen soon made itself felt in the 
class and he became virtually the leader of the group. 
Rare and valuable apparatus, which had never seen 
the light of day being kept hidden in the store room 
on the topmost floor to which students were forbidden 
entrance, were discovered and dragged out, some- 
times to the great annoyance of the authorities, and 
new experiments were designed and carried out 
often working till late in the evening by candle lights. 
The leading part in these expeditions was taken by 
Sen and it would be no exaggeration to say that he 
first set the high standard of experimental work 
particularly in Organic and Physical Chemistry in the 
Chemical Laboratories of the Presidency College, 
Calcutta. At this period Sen had also to carry on a 
keen struggle with poverty and had to earn the 
wherewithal to maintain himself and pay for his 
studies by a number of private tuitions in the city. 
After a hard day’s work in the laboratory and a few 
rounds in the Ooledighi which were not to be missed 
on any account. Sen would hurry off to the house 
of a rich merchant or lawyer to coach his dull boy, 
returning to his poor lo^lgiiigs late in the night for a 
frugal supper and rest, by an irony of fate, Sen 
failed in the M.A. degree examination of 1910 on 
account of the vagaries of an examiner, a young 
chemivSt fresh from Germany who set the examinees 
the impossible task of carrying out a complete quan- 
titative analysis of tyije-metal in the course of one 
day. The result was disastrous and most of the can- 
didates' including vSen got a cipher in that particular 
l)aper. The next year (1911) Sen passed with a First 
Class obtaining record marks in Organic Chemistry 
and the year after (1Q12) he won the Prcmchand 
Roychand Scholarship which is rightly regarded as 
the blue ribbni of the Calcutta University. In the 
intervening period of 1910 to rgii Sen conducted two 
pieces of research in both of which the writer had 


the privilege of collaborating with him. The results 
of these investigations were communicated to the 
/ciischrift fur anorganisclie Chemie of that year. 
The pioneering work of Prof. P. C. Ray on tlic 
nitrites of mercury made the chemistry of nitrites the 
main theme of research in the Presidency College 
laboratories in those days, and the first piece of in- 
vestigation in which vSen and the writer collaborated 
dealt with the inter-action of nitrites with hydraziiu 
salts. The pai)er was reviewed favourably in tlu 
annual repoits on the Progre.ss of Chemistry for ign. 
In the summer of 1912, Sen went to London and 
joined the Imperial College of Science and Techii(»- 
logy as a research student working for the degree «)f 
Doctor of Science of the University of London. 
During the period of 3^2 years of his stay in London, 
a series of communications embodying the results of 
his researches mostly on the condensation of ketones 
and ketonic bodies with phenols and naphthols 
aijpcared in the Proceedings and the Transactions of 
the Chemical Society, London. vSen was awarded the 
Degree of the Doctor of Science of the University of 
Loudon in the summer of 1915 chiefiy on the iiierit 
of an important piece of investigation on the meclia> 
nism of the re-activity of cyauoacel amide in its 
various condensations, the degree being award eil lor 
the first time to an Indian candidate working as an 
internal .student of the University of London. On 
the 4th July, 1914, Itngland declared war on Gerinaiiy 
and a wave of intense -enthusiasm and excitement 
passed over the Imperial City. K very thing was ini- 
mediately subordinated to war work and the research 
activities of the Imperial College were shunted oif 
to. scientific problems arising out of the war. Two 
main i)roblems which were allotted to the research 
students of the Or^janic Chemistry Dei)artntent of liie 
Imperial College at this time were those on (i) tlic 
preparation of lachrymatories (tear producing gas), 
and (2) the production of a number of imporlant 
drugs, chiefly local anaesthetics, supplies of wiiicli 
had been completely cut off, as they had Intlicit«> 
been imported exclusively from Germany. The two 
local anaesthetics which were chosen for the workers 
in the Imperial College were — ^novocaiiie and 1 ^- 
eucaiiie, Sen being chosen as the leader of the hand 
was allotted the task of working out a process for 
the preparation of the latter. It was in the winter 
of 1914 that Sen, undaunted by a number of failures, 
ultimately succeeded in prei)aring this drug for the 
first time in England. A gram of (laevorotatory) 
^-eiicainc was exhibited by Prof. Jocelyn Thorpe at 
the Thursday evening meeting of the Chemical 
Society in Burlington House, Piccadily, and it was a 
proud moment for Sen when he received an ovation 
from the assembled chemists including the President, 
the late Prof. W. H. Perkin, Jr. of Oxford, on In^* 
success. The process for making ^-eucaine 
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worked out by Sen was later made over to Boots & 
Co., for the commercial production of the drug on a 
large scale. 

The years igra — 1915 were some of the most 
fruitful years of activity in vScn’s life. He came to 
England, a stranger with no credentials except the 
M.A. degree of the Calcutta University and reprints 
of two papers in Inorganic Chemistry published by 
him, and he left luigland a re])Uted and respected 
Indian chemist admired by a host of English friends 
equally for his skill in experimentation and for the 
brilliance of his exposition. One mu.st record with 
gratitude the active sympathy and help which the two 
nnknowii young Indian researchers- the only repre- 
sentatives of their country at the time taking part 
in scientific research in England- received at the 
hands of many of the Professors of Chemistry in 
London at that time. The names of the late Professors 
Sir Edward ThoriHi, II. B. Baker, Sir ^I. O. Forster 
and Jocelyn Thorpe deserve special mention in this 
respect. After the first year, not only were they 
exempted from payments of all fees but they were 
lielped every year in obtaining substantial research 
grants from the Chemical Society and other learned 
liodics for the purchase of expensive chemicals and 
ajiparatus. After obtaining his Doctorate degree, 
vSen w'as oflered by Prof. Baker a well-paid research 
assistantshii), if he cared to continue in London, 
l)Ut Sen felt very home-sick and in the autumn of 
i()i5, he returned to India to the regret of his 
numerous Fhiglish friends in the Imperial College 
and elsewhere. On his return to India, Sen made a 
few abortive attempts at starting a chemical industry 
in Calcutta which failed mainly on account of the 
lack of capital, and in the summer of 1916 he 
obtained a place as chemist with Tatas at Jamshed- 
pur where however he stayed onl\' for a few months. 
His re.stless spirit, eager for new experiences and 
achievements, led him to Burma where he secured 
employment successively under a number of rich in- 
dustrialists like the late Osman Jamal, DeSoU7.a and 
others. The Armistice of 1918 was followed by a 
great industrial boom in India ami several commis- 
sions like the Indian Industrial Commission presided 
over by the late Sir Thomas Holland and the Indian 
Chemical Service Commission presided over by Prof. 
Jocelyn Thorpe came to India at that lime. Sen, 
full of energy and ideas for new chemical industries, 
travelled widely all over India in 1918 gathering 
materials for a reix)rt on the possibilities of new 
chemical industries in Burma, on behalf of his em- 
ployers in Rangoon. It was in Rangoon that Sen 
met his future wife, Miss Kalpana Rani Sen, the 
eldest daughter of the late Mr Nirmal Chandra Sen. 
flourishing barrister of Rangoon and grand-daughter 
the famous poet, Nabin Cliandra Sen of Chitta- 
gong. The marriage which took place in 1917 proved 


most happy but alas, a very short-lived one. In the 
summer of 1920 Sen lost his young wife as an 
accident in child birth. Life in Rangoon full of sad 
memories of his dear wife became painful to him and 
a change was eagerly sought. Fortunately, it was at 
this very moment that the late Sir Asutosli Mukerji 
was looking about for a suitable person for appoint- 
ment to the newly created Chair of Applied Chemistry 
ill the College of Science in Calcutta and he imme- 
diately offered it to Dr vSeii. The appointment was 
accepted and Sen returned to Calcutta in the autumn 
of 1920. The chair of apiilied chemistry in the 
University of Calcutta was filled by him with great 
distinction for more than a decade and a half during 
which he established a reputation all over India as 
the most outstanding api>lied chemist in the country, 
'fhe series of coiiiiminications in pure and applied 
chemistry issued from his lal Moratory and the text- 
books and monographs published by Sen testify to 
the valuable w’ork in leaching and research done by 
him during this period. The present position of the 
Department of Applied Chemistry in the University 
College of Science, Calcutta, can, without any fear 
of contradiction, be attributed to his able guidance 
and devoted service ; and most of the present exten- 
sion of its laboratory and workshop bears the stamp 
of his handiwork. For, the entire scheme was deve- 
loped by him and this was already in blue-print 
before he left the university service. Numerous were 
the industries particularly those in and near about 
Calcutta wdiicli benefited by fiis exiiert advice and 
liis room in the College of Science was always crowd- 
ed wdth men seeking his help and advice. It was a 
characteristic trail of SeiFs nature not to refuse help 
^ to anybody and he never si)ared himself in the service 
of Olliers. One has a feeling of regret at times that 
it should have been so, for it undoiil>ledly prevented 
the finer intellectual gifts which Sen possessed from 
being turned to better account in achieving greater 
things in the realm of science. During his period of 
professorship in I he College of Science, Sen went 
abroad twice 011 {lei)Utalioii from the University of 
Calcutta. These jieriods of leave were i)eriods of 
strenuous labour sj^eiit in carrying out researches in 
bio-chemistry in collaboration w ith Professor Neuberg 
and others in the Kaiser Wilhelm Research Institute 
at Dahlem and in improving the technique of high- 
pressure reaction experiments with Bone and others 
in the Imperial College of Science, London. These 
labours resulted in the publication of several im- 
portant papers on |)roblenis of ferineiilation and also 
on high-pressure rc-actions, jointly and indepen- 
dently, and the taking of a patent jointly with 
Professor Neuberg. It was during one of these long 
periods of study in Germany that Sen met the'eminent 
microchemist, Prof. Emich of Graz (Austria) and her 
daughter, Fraulein Fritzi Emich, while attending a 
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conference at Vienna. The acquaintance with 
Fraulein Eniich gradually grew into intimacy and 
love through long correspondence after Sen’s return 
to India, which eventually led to their marriage in 
1933 when Sen went to Europe again to attend on 
invitation the Power Conference at Berlin. In 1936 
the post of Director, Lac Research Institute at Ranchi 
fell vacant and Sen was offered and accei)tcd the post. 
The duties of the post were congenial to Sen and he 
threw himself with his characteristic vigour into the 
work and brought new life to the Institute. His most 
important researches during this period lay in the 
field of plastics and many important memoirs and 
papers were i.ssucd from his laboratories at Ranchi. 
Several improvements in the commercial production 
of shellac and in the manufacture of special compo- 
sitions for useful articles, like gramophone records, 
electric insulators, etc., were carried out. The 
(Government sliowed its appreciation of his work by 
an extension of his service for another period of 5 
years. Sen served on many committees of the (xovern- 
ment of India during the present war either as Chair- 
man or as ineinber, and last year, the Government 
of Bihar requisitioned his services as Director of 
Industries to help them in their extensive schemes of 
post-war industrial development. Incessant labours 
and dome.stic and fiinancial worries had however told 
on his health during the last few years and rest was 
sorely needed. Mis tireless vSpirit could however find 
no rest or recreation except in w^ork, and in spite of 
numerous warnings of nature and the appeals of 
friends, he continued his strenuous labours till the 
last. On the 8th of December last he came to 
Calcutta in connection with the marriage of his son 
and soon after arrival he had a serious break-down. 
He had no option but to take to bed immediately, 
probably for the first and the last lime, and in spite 
of every effort of his friends and his loving relations, 
he passed away peacefully on the 3rd June leaving 
his numerous friends and relations throughout India 
heart-broken. 

Sen had a very lovable disposition and was of a 
most affectionate nature, quickly making friends even 
amongst utter strangers. He was generous to a fault, 
his transparent sincerity and selfless disposition made 
him not infrequently a victim of exploitation by 
others. Those of us who had the privilege of mixing 
with him intimately know that his greatness as a 
scientist w^as matched by his goodness as a man. His 


big energetic exuberant lovable personality and his 
simplicity and genius for friendship can never be for- 
gotten. Though honours and riches were showered 
on him lately he remained unassuming and absolutely 
unspoilt. He was a good si)eaker, being one of the 
few scientists who could make an impressive speech 
extempore. His numerous students in India can 
testify to the excellence of his lectures. In 1927, Sen 
was elected President of the Chemistry Section of the 
Indian Science Congre.ss held in Lahore. His splendid 
address will be remembered by all who were present 
at its delivery. Sen w'as never a narrow-specialist but 
his interests embraced a very wide range of subjects. 
He could lecture equally well on a subject of Physi- 
cal Chemistry, Organic Chemistry, Bio-chemistry or 
even Mineral Chemistry. It was his sound funda- 
meiilal training in Physics and in Chemistry which 
stood him in good stead in his many-sided activities 
and enabled him to help chemists and industrialisls 
and even educationists in different directions. He w as 
elected President of the Indian Chemical Society in 
TQ40 and that of the Indian Institute of Chemistry for 
two different terms in i()3o and 1935. It was mainly 
through his initiative that the latter body came into 
being. He was the Foundation Fellow of the National 
Institute of Sciences of India. By the death of Dr 
Sen the scientific world of India suffers a loss that 
is truly irreparable. We have no one today whom .we 
can put into the niche into which he had fitted him- 
self so well by his painstaking and conscientious work. 
In him we lose not merely a chemist but a scientist, 
an educationist and an industrialist of the first magni- 
tude w’hose social virtues made him a fitting inter- 
mediary between the laboratory workers and the 
world outside. Endow etl with a kind and sympathetic 
heart, w’hich knew’ no pettiness, coupled with a 
genial temperament and rare frankness he endeared 
himself to all who came in contact with him, and 
particularly to his pupils w’ho, without a single ex- 
ception, had nothing but love and high regard for 
his mag*:etic personality. We find in him the ideal 
of a sincere friend, an attractive teacher, a trusted 
colleague, and a compassionate and benevolent master, 
which will serve us to do our duty of keeping his 
memory green. Dr Sen has left one son and his widow 
now in Graz and a very large circle of friends in 
India and abroad to mourn his loss. 


B, B. Dey. 
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SOAP CONFERENCE AND DIPLOMA IN SOAP 
TECHNOLOGY 

Thk holding of the annual conference of soap- 
makers under the auspices of the All-India Soap- 
makers* Association, now in the nth year of its 
existence, was resumed this year at New Delhi 
(P'ebruary i8, 1945) after a brief period of abeyance 
necessitated by war time difficulties. The conference 
presided over by Mr R. S. Patnck was opened by 
the Hon'ble Sir A. Rainaswami Mudaliar, K.C.S.I. 
and was largely attended by distinguished scientists 
and industrialists from all over India. The President, 
in his address, referred to the difficultic^s facing the 
Indian soai)makers in their effort to expand the in- 
dustry for which great f)i)p<)rtunities exist. The 
('i(»vcrnment*s unsympathetic attitude with regard to 
a more liberal supi>ly of esscntital raw materials such 
as caustic .soda, coconut oil, coal, essential oils, 
wrapping paper, etc. constitutes the tnost difficult 
hurdle in the way ()f the industry. Heside.s, a number 
of short sighted bans, controls and ordinances, such 
as the ban on the inter-provincial nioveinent of soaps 
by certain railways, to mention only one, have con- 
demned the industry to a relatively unimportant 
position. 

In view of these and other difficulties, the con- 
ference was unanimous in passing resolutions which 
relate to (t) the granting of licence to import wax- 
impcr for wrapping soaps, (2) the removal ('f ban on 
inter-provincial movement of soaps over certain 
railways, and (3) the granting of facilities for import 
of perfume materials and compounds from U.S.A. 
and other allied countries. With regard to the import 
of perfume materials from the U.S.A. , mention may 
he tnade of several abortive attemi)ts by the Associa- 
tion to obtain the necessary facilities. Although the 
r'.overnmcnts were prepared to permit import of 
I'.S.A. essences through U.K., they would not allow 
direct import on the pretex of dollar exchange diffi- 
culties, knowing full -well that direct import would be 
considerably cheaper. 

The University of Calcutta, the secretary reportetl, 
has approved of a scheme for soap diploma course 
sponsored by Dr M.N.Goswami, of the Department 
'^>f Applied Chemistry, University College of Science 
and Technology, and an honorary member of the 
Association, The syllabus has been prepared very 
carefully in consultation with soapmakers. The 
Association proposed to make a non-recurring grant 
and suggested, that the University should be respon- 


sible for any recurring expenses. The scheme was 
discussed in the conference and it was resolved that 
a minimum contrilmtion of Rs. 1,500/- be fixed for 
each member of the Association. 

We learn that at a si)ecial meeting of the Senate 
of the Calcutta University held recently, the Senate 
has accepted the proposed scheme and has made pro- 
vision for Rs. 5,000/- as a recurring grant. The non- 
recurring capital grant to be paid by the Association 
has been fixed at Rs. 15,000. 

A number of technical papers were read and dis- 
cussed at the conference. The. office-bearers and 
members of the Executive Committee, elected for 
1045, include Rai Bahadur Seth G. M. Modi, as the 
President, while Mr S. C. (those continues as 
Secretary. 

THE PULP AND PAPER INSTITUTE OF CANADA 

Tire prosperity of Canada depends, to a large 
extent, on her forest resources. It is no wonder, 
therefore, that the pulp and paper industry is the 
largest manufacturing industry of that country. In 
normal times India used to import practically all the 
newsprint (she produces not an ounce) from Canada, 
as also ( Treat Britain had a good proportion of her 
supply of paper and pulp from there. It is also 
natural that the industry should have its research in- 
stitute well organiy.ed, for without scientific research 
no industry can prosper or even hold its own for a 
long time. That the Canadian Government as well 
as the industrialists fully recognize this fact is evident 
from the annual report of the above institute for 
1940-41. 

By an agreement, the institute is managed by a 
joint administrative Committee consisting of repre- 
sentatives from the Goveriiincnt of Canada, the 
Canadian Pulp and Paper Asst)cialion, and the McGill 
University. The fundamental object of the agree- 
ment is the coin])lete unification of research work. 
The entire programme of work done in the institute 
is laid down and controlled by this administrative 
Committee. Any work to be done for individual 
members of the Association or for allied industries 
must have the previous sanction of the Committee. 
Consulting working done by individual members of 
the staff of the institute has also to be approved by 
the Committee in addition to the director of the 
institute. The financial position of the institute is 
quite sound as it should be ; a fixed annual income is 
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guaranteed by the three* parties. This enables the 
authorities to plan and execute long-term research 
projects which would have been otherwise impossible. 

By the abovcnieiitioned agreement, the Govern- 
ment of Canada contribute annually $38,000 to the 
institute, together with half the cost of maintenance 
and administration co.st of the premises ; the McGill 
University gives the institute every year $12,000 
plus the other half of the aforesaid cost, while from 
the Association, it receives $60,000 per year. The 
contribution of the University to a technical research 
institute would appear to many of our countrymen 
as rather unusual. 

The choice of programme for research is naturally 
governed by the facilities available at the institute 
and also the ordcr-of importance of the problems to 
be taken up. The work of the institute may be broad- 
ly classified under three heads : testing work, funda- 
mental research and ap])lied research. It appears 
from the reiKirt that the authorities are very parti- 
cular about maintaining a clear-cut division among 
these three types of re.search, and furthermore, they 
consider them eiiually important. This is a very 
healthy sign. Unfortunately, this attitude is lacking 
in most of our research institutes. The conduct of re- 
search work on raw materials, and on the iirocesses 
and the finished products of the Canadian pulp and 
paper industry, with special reference to the rec|uire- 
nients of the industry, is an important function of the 
institute. 

Unlike mineral wealth which is distributed un- 
evenly on the world, the raw materials for the paper 
and pulp industry are ff»und almost everywhere. So 
it cannot be the monopoly f)f any one nation. The 
survival of the fittest amongst the competitors in the 
world market for this jiroduct is mainly, if not wholly, 
dependent upon well planned scientific research. The 
in.stitute authorities recognize this fact and formulate 
their scheme of research accordingly. 

Roughly, one tenth of the activity of the institute 
is allocated to testing work wdiich, however, is accept- 
ed under certain conditions. Mills have to pay for 
the tests done for them by the institute. Routine 
tests which can be done in a mill laboratory are not 
accepted. It docs not also accept tests which are to be 
utilized for the purpose of advertisement. These are 
quite good arrangements. A research organization 
should, as far as jiossible, be busy with research work 
and not routine tests. 

Fundamental re.search is chiefly directed towards 
helping the industry in designing improved equip- 
ment and processing, devising new methods of re- 
covery of waste products, and so on. Applied research 
is the ultimate objective of the institute ; it is grati- 
fying to note that the authorities recognise the oft- 


misunderstood fact that it is futile to undertake 
applied. research alone without fundamental research. 
One has to wait patiently for the outcome of applied 
research ; operational difficulties of mills which ajipa- 
rcntly seem to be due to obscure causes are solved by 
applied research. It also heli)s the industry in attain- 
ing better and improved control vs'ork in the mills and 
in utilizing the w'aste liquor as well as waste wood in 
various ways. One-third of the resources available 
after allowing for administration, maintenance and 
testing is allotted to applied research and one-third 
for fundamental research, the remaining being spent 
for projects lying outside the field. 

A CENTRAL FILM ACADEMY AND RESEARCH 
LABORATORY 

Wk welcome the proposed establishment of a 
Central Film Academy and Research Laboratory 
under the joint auspices of the Independent Filin 
Producers Association and the Indian Motion Picture 
Producers A.ssociatioii. Apparently the lead has been 
taken by the Independent Film Producers Associa- 
tion which, at a meeting held in Bombay on March 
26, ic)45, unanimously re^^olved to establish a central 
institute in India for the training of technical talent, 
to assist the pr()nn)tion of the film iiidu.stry, and to 
put it on a much wider and stabler foundation. A 
fact finding Committee, with Sir Honii Melita, the 
leading industrial magnet of Bombay, as chairman, 
and Mr A. Lalljee, M.L.A. (Central), Mr C. \^ 
Deshmukh, M.L.A. (CentraP, Prof. M. X. Saha, 
Prof. K. S. Kri.shnan, Dr K. A. Hamid. Di K. 
Venkataraman, lA* Xa/ir Ahmad, and Prof. B. B 
ncshi>andc and two representatives of the film in- 
dustry as members, .'as appointed to investigate tlu- 
possibilities of starting such a central institute. 'I'lirce 
sub-committees were set up to deal witli various 
technical problems which the establishment of an 
institute of this nature necessarily involves. 'Hiese 
are ; {A Chemical Sub-Committee to consider all 
questions relating to raw films, sensitizing dyes, 
photographic chemicals etc., (2) Instrument and 
Machinery Sub-Committee to deal with problems re- 
lating to optical lenses, instruments, cameras, pro- 
jectors, accessories etc., and (3) Motion Picture 
Technique Sub-Comniittec to work out plans for 
central training institute, curriculum etc. 

The Central Film Academy and Research Labo- 
ratory, when established, will remove the long-felt 
need for a scientific film institute. It is reported that 
India is now the third film producing country in the 
world and comes only after the United States of 
America and Japan in the volume of film production. 
The annual production of pictures in India during 
the last several years has been averaged at 150. The 
film industry is wholly dependent on foreign auppl.v 
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of raw films, photographic sensitized materials, 
machinery and other equipments, and it is not diffi- 
cult to realize the extent of the drainage of money 
the import of these goods involve. It is estimated 
that raw film and photographic sensitized materials 
worth Rs. 6o lakhs arc imported annually. If one 
takes into account import duties on raw film and 
machinery, entertainment tax and other taxes im- 
posed by the Central and Provincial Governments, 
the money the film industry is required to pay to the 
Central Exchequer amounts to the colossal sum of 
about one and one fourth crores of rupees. The 
sponsors of the Academy must be congratulated on 
their new endeavour which deserves full public as 
well as Government sympathy and co-operation. 


INDIAN DECIMAL SOCIETY 

vSiNCE we wrote last motith on the Government’s 
pr(.)posal to decimalize the* Indian coinage system, 
(Jiir attention has been drawn lo the- ‘Indian 
Decimal Society*, an organization newly constituted 
‘(i) to propagate the utility of the Ijcciiiuil System and 
p()t)iilarize its practical use among our country men 
in everyday life, (2) to formulate a scheme for re- 
torming and .standardizing all over India coins, 
weights and measures on tlie basis of the Decimal 
System, and (3) to organize countrywide agitation for 
getting the approved scheme adopted by the (»overn- 
nient and consequently for abolishing the use of all 
Ollier unscientific systems*. The objects and aims of 
llie Society are thus stated in clear and unambiguous 
terms and will satisfy the scientific and the en- 
lightened sections of Indian, public in favour of in- 
troducing the decimal system. We note with great 
Silt isf action that the activities of the Society do not 
«»idy concern coins, but embrace the whole problem 
of reforming and standardizing weights and measures 
as well. It is wedded to a policy of simultaneous 
and compulsory adoption of the metric system in 
coins, weights and measures all over India and under- 
takes to organize countrywide agitation. 

We are not prepared lo believe that the Govern- 
aieut as constituted at pre.senl will readily under- 
take reformation in' weighty and measures of such a 
far reaching character, although they have indicated 
their sympathetic attitude by choosing to decimalize 
the coinage system. A strong public opinion in 
fa\our of introducing the metric system such as now 
works in most of the civilized countries of the world 

alone induce the present Government to adopt 
this scientific system. The Society, we trust, can 
iday a very useful part in educating the public in 
|ho relative advantages of the metric system and thus 
'n moulding a favourable public opinion. For details 
the Society, our readers may be referred to Mr 


Phanindra Nath Seth, Secretary, Indian Decimal 
Society, 20/1 A, Raldeopara Road, Calcutta. 

FISHERIES IN BARODA STATE 

Thk sixth annual report of the Department of 
Fisheries, Baroda State, gives an encouraging record 
of activities of the Department for the year 1942-43, 
that deserves emulation by the British Indian 
Provinces. 

Apart from a general survey and collection of 
biological specimens round about Baroda and fresh 
water fish culture experiments, very encouraging 
work is being done on fish preservation, fish oil in- 
dustry, fish manure and shell fisheries. Work on the 
shark liver oil c.g., extraction of oil and preparation 
of medicated oil, was contiiinctl during the year 
under review, and the results obtained were more 
encouraging than those of the previous years. The 
output of neat oil was 1,256 lbs. as against 1,100 lbs. 
in 1941-42, and the price fixed was Rs. 2/- ])er 
maund. The semi solid refuse (sipiia) left after 
the refining of the neat shark liver oil was in 
great demand for painting boats. Shark liver oil 
has at presetil a very good market and advantage 
should be taken to improve the quality of the edible 
sale oil. Kxpeiiditurc under this head amounted to 
Rs. 3»b59/' and receipts lo Rs. 5,994/- as against 
Rs. 3,628/- and Rs. 2,804/- respectively in the pre- 
vious year. 

Kxperiments on manure conservancy with the 
iisli oflal, ]>rawn and other crustacean offal, and marsh 
plants— the seablile and marsh samphire were con- 
tinued. i\ powder ‘prawn meal dust* prepared from 
l)rawii offal is stated to be a good general fcrtilizei 
and could be very well utilized as a substitute for 
shales. 

Owing to the difficulty of rail transport, conches 
collected could not be sent to Dacca, and attempts 
are now being made to open a bangle factory at 
Okha. Dead oyster shells for use as poultry food 
were prepared for sale. A scheme for experiments in 
curing, pickling and smoking of fish was accepted by 
the I.C.A.R. Socio-economic work among fisheries 
and a scheme for the colonization of the latter were 
continued. 

■ A preliminary report on “the fresh water prawns 
of Baroda** is detailed in the Bulletin No. V (1944) of 
the Department of Fisheries, Baroda State.* A statis- 
tical survey of the fish in the Baroda State revealed 
that fresh water prawns (Jinga and potia Jinga) 
ranked first among the different kinds of fish caught 
and brought to the market, both in quantity and 
value. The prawn usually collected was Palaemon 
carcinus Fabr., and no non-vegetarian dinner in 
Baroda is complete without it. The supply is, how- 
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ever, irrcRular, and to remedy this a prawn farm lias 
been opened at Dadliar. The bulletin details the 
inorpholoRical characters and biological liabits of the 
prawns collected at Baroda, which have made it a 
very useful publication. 

INDIAN CENTRAL TOBACCO COMMITTEE 

Thk (lOvernineiil of India have decided to set up 
an Indian Central Tobacco Committee on the lines of 
similar other commodity committees for jute, cotton, 
etc. In view of the importance of tobacco as a valu- 
able commercial crop and the variety and complexity 
of problems relating to its production, processing and 
marketing, the establishment of such an organization 
is a move in the right direction. 

The functions of the Committee will Ik: to a.ssist 
in tlie improvement and development of the produc- 
tion and marketing of tobacco and all matters inci- 
dental thereto. The Committee will specially devote 
attention to the improvement of the flavour and 
aroma of Indian tobacco, and research on these pro- 
blems will be shortly takeii up. The Committee will 
be financed by the Government of India with an 
annual grant of Rs. to lakhs. 

UNIVERSITY OF CALCUTTA 
Diploma Course in Journalism 

Tiiic Senate of the Calcutta University, at an 
ordinary meeting held on June 23, t 945 , accepted a 
scheme of introducing a diploma course in journalism 
in the University. The scheme, in its present form, 
proposes to give young graduates and candidates 
having previous experience in the office of a news- 
|.)aper or a news agency such training as would qualify 
them for reporters, sub-editors, assistant editors, and 
business managers in ncwsi)apev offices. The candi- 
dates intending to take tip the diploma course should 
possess a good knowledge of English and of at least 
a major Indian language and must have a knowledge 
of shorthand and typewriting. 

The course would include theoretical and practi- 
cal subjects. In theoretical, there would be papers 
on principles and history of journalism, the making 
of a journal, general knowledge of political and socio- 
economic developments, general outlines of consti- 
tutional law and the laws of the Press, and any two 
of the following subjects : literature and art, scientific 
and cultural trends, and business of journalism. 
Practical papers would include development of the 
idea of news sense, classification of news items, 
making press notes, etc., preparation of news out of 
Dostal correspondence, editing of telegrams, art of 
'‘’•ting, and precis writing, proof reading etc. The 
further proi^oses to arrange, in collabora- 
• Indian Jcmrnalists* Association, special 
subjects of interest to the journalists. 


Tliis Is ail attempt to place the i>rofessida of 
journalism oil a more solid and secure foundation for 
which no praise will be too small. Dr B. C. Ray, 
moving for the institution of the diidoma course, 
rightly observed that the journalists had .so long been 
trained by passing through the process of trial and 
error. It is true that, even in the ab;sencc of a 
systematic University training in journalism, India 
has produced (piile a iiuniber of ' journalists of 
eminence. But it will be a great mistake to advance 
it as an argument against the institution of a course 
in journalism in a University, the need of which is 
now greater than ever before in view of the compli- 
cated nature of managing the affairs of a modern 
newspaper. It is very encouraging to note that the 
Indian Journalists* Association have lent their active 
support and co-operation to the Calcutta University 
in its new endeavour to institute the course. 

In this connection wc like to invite the attention 
the Ibiiversity to the importance of training science 
graduates in the art of scientific journalism. The dis- 
l)lay of news from tlie laboratory is now widely re- 
cognized as an indispensable feature of ncwspapcMs 
catering to a niodern society' based on developments 
in science and technology. Leading American and 
European newsi>apcrs nmilltaiit science editors on 
their staff, and beforp long this practice will have to 
!)c followed in this country if Indian i)apers are to 
serve a niodern [)ublic to their full satisfaction. This 
should involve the training of a fairly large number 
of science news writers and editors, and it is an 
opportune moment that the University should serious- 
ly consider the question of their training. 


Prof. S. N* Bote at Gurupratad Singh Professor of Physick 

We learn witli great satisfaction that the Seiiali' 
appointed Prof. S. N. Bose Guruprasad Singh Pro 
fessor of Physics, ('uruprasad Singh Professorship in 
Physics, it may be recalled, fell vacant by the un- 
timely death of Dr B. B. Ray. Prof. Bose is a physicist 
of international repute ; his outstanding work in 
statistics has led to the development of the famous 
Bose-Ein.stcin statistics with which to count photons. 
Recently he has been catrying on important re- 
searches on chemical problems. 

An old alumni of the Calcutta University, Prof. 
Bose served this University as a Lecturer in Physics 
during 1916-21. In 1921, he joined the newly esta- 
blished University of Dacca as Reader in Physics and 
was appointed Professor in the same University in 
1927. His return to the alma inaier after 24 years 
will be rejoiced by his former colleagues and the 
present research workers and students looking up to 
him for new inspiration and guidance in the field of 
learning and research. 
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Dr N. R. Dhftr at Gurupratad Singh Professor of 
Agriculture 

The decision of the Senate to appoint Dr N. R. 
Dhar Guruprasad vSingh Professor of Agriculture will 
be received with great pleasure in all (juarters. One 
of the most distinguished disciples of late Sir P.,C. 
Raj', Dr Dhar took his M.Sc. degree of the Univer- 
sity of Calcutta in 1913 and worked at the Imperial 
College of Science and Technology, London, and at 
the University of Sorbonne, Paris, where he received 
his doctorates. Dr Dhar served the Ihiiversity of 
Allahabad as a Professor of Chemistry for nearly 20 
years and was the Dean of the P'aculty of Science. 
The munificent endowment of approximately one 
lakh of rupees which he had recently made to the 
Calcutta University towards the creation of a Univer- 
sity College of Agriculture was rci)orted in our April 
1945 issue. We hope that his appointment as a Pro- 
fessor of Agriculture will herald the beginning of a 
new phase of agricultural research in this part of the 
country. 

Mr W. L. Voorduin as Special University Reader 

We further leani that Mr \\^ L. Voorduin, Chief 
Planning Officer of the Tennes.see Valley and at pre- 
sent Member of the Central Power Commission has 
been appointed a special University Reader. He will 
deliver a course of lectures on the hydrological 
planning of the Tennessee Valley, the ?iiultipurpose 
development of the V'alley under flood prevention, 
navigation, power generation, and soil conservation, 
and tlu? application of the TV A methods to Indian 
rivers. 


AGE OF THE SALINE SERIES IN THE SALT RANGE 
OF THE PUNJAB 

Tiik symposium on the above subject will be 
continued at a joint meeting of the Indian Academy 
of Sciences* and the National Academy of Sciences at 
Udaipur in December next. Announcing this deci- 
sion, Prof. II. Sahni, F.R.vS. invites all geologists 
interested in the subject to attend the session and 
contribute papers. An excursion to some of the criti- 
cal sections in the Salt Range will be arranged, prior 
to the date of the meeting. All communications 
meant for advance printing should reach Prof. Sahni, 
by the middle of October. 

The age of the Saline Series in the Salt Range is 
a highly disputed point and formed subject of aii 
animated discussion at the last symposium of the 
Academy, held at Poona in December last, ip which 
many eminent ' geologists participated. In fact, the 
entire presidential address of Prof. Sahni was devoted 
to this question, which was already rex)orted in an 
earlier issue {Science and Culture, Vol. 10, No. 10), 


CENTRAL FOOD TECHNOLOGICAL INSTITUTE 

Addressing the first meeting of the panel of 
scientists formed to advice the food department on 
food technology (see Science and Cui/ruRg, X, 
]). 542) Sir J. P. Srivastava, Food Member remarked 
that “India is pre-eminently a country where food 
technology should have reached a high water mark 
of development”. The problem of food rests prin- 
cipally on three pillars : — 

(1) The production of raw foodstuffs. 

(2) The food technological industries including 

the preservation, processing and fortifica- 
tion of foodstuffs, vitamin technology, 
and all related prf)blems. 

(31 The distribution of food to the population 
according to physiological needs. 

The second set of problems confronts India 
specially, and our economic losses owing to spoilage 
of b)odstuffs of all kinds, must be nuniing into tens 
of crores of rupees. With a well-organized food 
industry it is intended to (i) i)revcnt or diminish 
spoilage, (2) remove foodstuffs from seasonal gluts 
thus preventing waste and making them available in 
other seasons, (3) increavse or retain, the nutritional 
value of foodstuffs and (4) produce new foods like 
yeast, synthetic vitamins, vitamin concentrates, etc. 

Modernization and expansion of the fishing 
industry, linked up with the installations of adequate 
cold-storage facilities, large-scale establishment of 
fruit dehydration and ('aiming industries, expansion 
(>f shark liver oil, ])roduclicn and the creation of a 
food technological institute are some of the proposals 
under consideration by this committee for the per- 
manent improvement and greater variety of Indians 
food supply. 

There can be no conflict (jf oiiinion on the 
importance of a Central Food Technological Ins- 
titute, as a more scientific food and nutrition policy 
is a widely recognized need. 

LADY TATA MEMORIAL SCHOLARSHIPS AND 
GRANTS FOR THE YEAR 1945-46 

'IhiK Trustees of the Lady Tata Memorial Trust 
announce on the death anniversary of Lady Tata, 
which falls on the 18th June, the awards of the 
following scholarships and grants for the year 1945-46. 

I. International Awards for research in diseases 
of the blood with special reference to Leucaemias: — 
(i) Dr P. A. Gorer, London ; grant £702; (2) Dr A. 
H. T. Hobb-Smith, London ; grant ;Cioo ; (3) Dr 
Werner Jacobson, Cambridge ; grant ^'300 ; (4) Dr 
(Miss.) P. Hammick — to work under Prof. Witts to 
confirm Dr Jacobson’s research ; grant >(400. 

II. Indian Scholarships of Rs. 150/- per month 
each for one year from rst July 1945 for scientific in- 
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vesligatioiih having a bearing on the alleviation of 
human suffering: — (i) Mrs Alemala Vcnkataraman, 
B.A., M.Sc., Synthesis of Sulplianilamidc derivatives, 
Ilaffkiiic Institute, Bombay ; (a) Mr S. Dattatreya 
Rao, B.vSc. (lions.), Investigations on the Synergy 
between Vitamins A & E and functions of Carotene 
and Vitamin A in iho Animal System, Indian Insti- 
tute of Science, l?aiigalore ; (3) Mr L. D. Saiigiivi, 
B.Sc. First Class, M.Sc., Genetical study of blood 
groups and diseases with special reference to malig- 
nanl Tumours and Erythroblastosis Foctalis in 
Bombay ; Tata Memorial Hospital, Bombay ; (4) Air 
T. A. VTmkitasiibramanian, B.Sc., Synthesis of Anti- 
parasitic agents against tropical diseases other than 
malaria with special reference to Ainaedines and 
Organomctallic Compounds, Alaharajah’s College, 
Krnakulam ; (5) Mr G. Balasubrainanyain, M.&. 
First Class, Insulin Derivatives and Carbohydrate 
Metabolism, Indian Institute of Science, Bangalore ; 
(6) Air T. K. Wadhwaiii, B. riiarni.. Mechanism of 
the mottling of teeth, Indian Institute of Science, 
Bangalore ; (7) Air Rabindra Kumar Basil, M.Sc., 
vSynthesis of Vitamin C (r-ascorbic acid). University 
College of vScience and Technology, Calcutta ; (8) Air 
Kalipada Mukherjee, AI.Sc. Research on Food Yeast, 


SCIENCE IN 


NEW X-RAY DIFFRACTION APPARATUS 

A NEW X-ray diffraction apparatus developed by 
the Philips Company and claimed to be an integral 
and self-contained unit suitable for use in connection 
with both university and industrial research has been 
described in The Chemical Age, April aS, 1945. In 
the usual arrangement for tlic study of X-ray diffrac- 
tion patterns, the tube, the high tension generator, 
and the control panel constitute separate units, with 
provision for electrical connections. In the present 
apparatus, the X-ray tube equipped with a filament 
as the cathode is mounted on the top of a cabinet 
which houses in its base the ‘high tension generator 
and has the control panel mounted in the front. 
Thus integrated, the high tension generator, the tube 
and the control panel have formed a very compact 
arrangement which has decided advantages over the 
•older one now widely in use. 

The high tension generator includes the tube 
^ filament transformer and io provided with two oil 
immersed rectifying valves which ensure full-wave 
rectification. 

The tube is inserted in the housing and secured 
by four screws on the tep of the cabinet. It is con- 


Biocliemical Laboratories, University of Dacca, 
Dacca . 

OUR EDITOR IN U. S. S. R. 

Readers of Science and Culture* will learn 
with great pleasure and pride that Professor Meghnad 
Saha, P'.R.S., Palit Professor of Physics, University 
College of Science, Calcutta, and one of our editors, 
has joined the 220th anniversary celebration of the 
U.S.S.R. Academy of Sciences in acceptance of a 
personal request from President Komarov. The 
statement he issued, on his arrival at AIoscow, re- 
flects his great interest in Soviet Science. “Wc are 
specially interested**, said he, “in . the works of 
Academician Kapitza and Joffe, and I hope to become 
acquainted with them personally. I would also like 
to ^liidy the details of State planning in the U.S.S.R., 
as I am an ardent supporter of State planning.** 

Professor vSaha is the only Indian scientist to 
have attended this historic celebration. We fer- 
vently believe that his experience in Soviet Russia 
will be of great help to Indian scientists and to all 
those engaged in planning in their effort to work out 
a unified plan for reconstruction and development in 
post-war India. 
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structed from a beaded bronze casting and is 
accurately machined. It has four windows of 
lyindemaim glass, which arc machined to an angle of 
6° to the vertical and provided with four tapped 
holes. These holes make possible the use of special 
devices e.g., monochromators ; a rotatable disc carry- 
ing the filters and built into each, window housing 
can readily bring into position the appropriate filter. 
The internal construction of the cathode assembly 
ensures an un-contaminated radiation. Anti-cathodes 
of W, Mo, Cu, Fe, Co, and Cr are supplied. For 
W, Mo, and Cu, the maximum continuous ralingii 
are 1000 watts, and for Fe, Co, and Cr, these are 
600 watts. The tube support, the window housing 
and H.T, generator are water cooled. A protective 
relay shuts off the apparatus as soon as the pressure 
of water rises above or falls below a certain pressure. 

The control panel is conveniently sloped and 
indirectly illuminated. It allows stepless variation, 
from 10 to 60 kvp, of the high tension. The filament 
current is read on a 0-5 mA. meter and can be 
accurately regulated and stabilized. A main switch, 
overload circuit breaker, press-button H.T. switch, 
pilot light and an hour nn^er for r^rding exposures 
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and tube life are other notable features of the control 
panel. 

Optically worked camera tracks of various 
lengths, complete with all necessary adjustments and 
locking devices, can be fixed to the instrument table 
on the top of the cabinet. On these tracks can be 
fitted powder cameras of either 57*3 or 114 59 
effective diameter, flat-film camera, low-angle camera, 
precision “back-reflection** focussing camera, and a 
Weissenberg camera of 57*3 mm. diameter. 


A NEW VITAMIN A 

Mr C. 1 >. Robeson and Dr J. G. Baxter, of Dis- 
tillation Products, In*:., Rochester, New York, have 
recently succeeded in Isolating from fish liver oils a 
.substance which has vitamin A activity {Nature, 
March 10, 1945). The new compound differs in pro- 
perties from the vitamin A previously obtained in 
crystalline form (designated as Ai by the authors) 
and, according to a preliminary bio-assay, has been 
found to possess nearly the same potency, both in 
kind and in magnitude, as the latter. 

The neu’ vitamer, a term introduced to indicate 
two or more substances having the same ability to 
cure a single deficiency syndrome, crystallizes as 
light yellow needles (m.p. 59-bo®), whereas vitamin 
iV, crystallizes as yellow prisms (m.p. 62-64®). The 
absorption maximum at 328 m/A for the new com- 
pound compares favourably with that of vitamin A^ 
at 325 m/A. Chemically, the new vitamer is an 
alcohol and gives rise to a red anthraquinone carbo- 
xylatc having a melting point at 130-131®! whereas 
a corresponding yellow ester with melting point at 
123-124® is obtained from vitamin Ai. Both the 
vitamers, when treated with alcoholic hydrochloric 
acid, form the same anhydro-compound. 

The composition of the new vitamer has not yet 
been ascertained. From the studies so far made, it 
appears to be geometrical isomer of vitamin A^. The 
authors have developed two methods for estimating 
the percentage of the new vitamin in fish liver oils 
and concentrates and have shown that soupfin shark 
and dog fish liver oils contain 30% and 33% respec- 
tively of the new vitamer. 

The existcn^ce of more than one vitamin A 
capable of curing a single deficiency syndrome makes 
the question of nomenclature very important. The 
authors consider the use of, subscripts unsatisfactory 
and suggest that the A-vitamins in fish liver oils be 
named from the genus of fish in which they occur. 
Thus ‘gadoP for vitamin A from Gadus, the cod, and 
‘galoP for the new vitamin from Galidae, the shark 
may prove satisfactory, and these suggested terms are 
now under consideration by the Committee on Bio- 


chemical Nomenclature of the U. S. National 
Research Council. 


INDIAN PENCIL WOODS 

M. A. Rkhman and S. IV! . Isiug, of the Forest 
Research Institute, Dchra Dun, have compiled valu- 
able information regarding Indian pencil woods, 
published in the Indian Forest Leaflet No. 66 
(utilization) . 

About 80 different species of Indian w’oods were 
tried by various pencil factories, of which only 
juniperus macropodci found in Baluchistan was 
rcconi mended for first class pencils. This wood is 
as good as American cedar and is even superior 
to the Hast African cedar. Owing to high cost of 
transport of this wood from the forest to the saw 
mill, this was an uneconomical pnqKjsition, and 
it is only recently when the supplies of American 
cedar (Juniperus Virginiana) and Hast African cedar 
(Juniperus Jroccra) have almost ceased that Balu- 
chistan Juniper is being exploited for the pencil trade 
in this country. After making a study of the cx- 
[doitation and marketing of Baluchistan woods, the 
Forest Research Institute has made certain recom- 
mendations to reduce the cost of pencil slats and 
to reduce heavy rejections in finished material before 
use. 

Owing to the limited supply of this timber, some 
other woods (a list of which is given in the pamphlet) 
will have to be used for cheap grade pencils. 
Alteint)ls to soften and improve the whittling quality 
of second class woods so as to make them suitable 
for good quality pencils have not so far produced 
promising results. Further work is in progress. 

Enquiries for supply of Baluchistan wood can be 
obtained from the Forest Officer, Baluchistan, Quetta. 

PATCHOULI OIL 

In a monograph entitled 'Oil of Patchouli* and 
published under the auspices of the Board of Scientific 
and Industrial Research of the Government of Mysore, 
Messrs. Snbba Rao and Nagesa Rao have collected in- 
formation regarding the origin, cultivation, yield, 
properties, chemistry, present position and future 
l)rospects of Pogoslemon Patchouli, source of the 
powerfully odorous essential oil (Patchouli oil). The 
monograph is the second one published by the 
Mysore Government, the first one being devoted to 
Geranium oil, another essential oil of economic fn- 
tcrest. . 

Patchouli leaves are said to have been introduced 
into England in the days of the East India Company 
and the oil was considered to be a good perfume. 
It is now considered as an indispensable and valuable 
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ingredient in different types of soap perfumery, per- 
fumes and other cosmetics. 

Pogoslcmon Patchouli, is cultivated priucipally in 
the Straits Settlements, Island of Penang, Singapore, 
and the \\'ellesley province. Cuttings imported from 
Ihc federated ^falay vStates were grown at Mysore, 
and a big plantation is likely to materialize soon. 

IDENTIFICATION OF BURMA TIMBERS 

Thp: Forest Research Institute, Dehra Dun, has 
j>iiblishcd a pamphlet on "The Identification of 
ihirina Connnercial Timbers" (Indian Forest Records, 
(N.S.) Utilization, Vol. 3, No. 6, 1945)- A previous 
bulletin on the subject, published by the Government 
of llurina in 1932, being not available owing to 
Jai)anese occupation, the present publication has been 
prepared to meet the demand during the reconstruc- 
tion period. 


It includes all the necessary information re. 
quiretl for field identification and is, moreover, 
supplemented with drawings. 

The given descriptions of different species and 
their photomicrographs will serve as a key for tlit 
identification of timbers. 

Burma is noted for teak (Tectona grandis) which 
is her principal forest product as well as her main 
stay. In normal times Burma is responsible for 
World's supply of teak. Information concerning 
teak, padauk {Pierocarpus macrocarpus), and other 
utility timbers required for railway sleepers, beautiful 
decorative wotxis etc. may be had from this painphlei 
which, when read along with "The Forests of Burma” 
(Burma Pamphlet 5, Longmans Green), will help all 
those who are interested in the reconstruction of 
Burma. 


PLASTIC AND ENGINEERING MATERIALS 

Ft. S. GIDVANI, 

\CT1NG DlKKCtOR. I.ONI>ON SHKtf.AC Ki;SK\KCH Hl/khAl 


mcclianical engineer generally interprets the 
^ term "strength of materials" as strength of 
metals. The malleability and ductility of the metals 
coupled with the fact that they can be "liquified" by 
means of heat provide easy methods of moulding 
them into any desired shape by simple die-casting. 
They have considerable durability and strength but 
modern methods and conditions demand modern 
materials. In this era of high speed machinery, the 
elimination of extraneous noise has become the con- 
cern of both engineers and other executives, for it 
has been long realized that the noise not only reduces 
jhe life of the idant but also affects the efficiency of 
the operators considerably. It is well known that 
ilie introduction of non-metallic gears and pinions etc. 
til the machinery will reduce the transmission noise 
to a niininium. 

With the development of aeroplane and motor 
car, the engineer requires lightness of structure, and 
a higli specific gravity of metals tends to become a 
serious handicap. The que.st for a material possessing 
low weight, toughness, great permanence and easy 
moulding proiierties has resulted in man}” synthetic 
plastic materials. Many of the.se re.siiis have a tensile 
.strength as high as cast aluminium but are half as 
heavy. They can be worked into any’ intricate shape 
and design and to exact size by modern mass-produc- 
tion methods. They have properties which meet the 
requirements of the electrical, the automobile, the 
aeronautical and the mechanical engineers who have 


not been slow to make the most of these phisiiV 
materials. 

Thermosetting plastics are of more interest to tlu 
engineer than the thermoplastic materials dut to tlu 
interesting property of the former of softLiiiiiji 
initially under the influence of heat and then eliaii.i>ini; 
under continued application of heat into a |•crll):l- 
iiently hard material which can not soften again on 
further heating. These witli.stand ienij>eraiuiv‘. oi 
i5o®C above which they deconiiiose. The elu inioil 
change which occurs during heat curing trLainiciii 
also produces the u.scfiil properties of iiifiisibilii> , in- 
solubility in all common solvents and resistanci’ i«i 
acids and weak alkalis. 

Thermosetting materials alone by themselves 
not sufficiently resistant to .shock and exhil>il a ttii 
deucy towards hardness to the extent of being 
and consequently have not found great use f«i 
mechanical purposes. With the incorporation of re 
iuforcing materials, commonly known as “fillers 
such as wood-flour, asbestos or paper pulp \ ai yini 
degrees of toughness, resiliency and shock-a]:)S<irl)in: 
propertic.s can be imparted to these resinoids. 

. For engineering purposes, these thtrniosettm 
resinoids may conveniently be sub-divided intp 
groups, namely, powder mouldings and 
goods. The phenolic resin occupies the first 
entering into the composition of approximate 
75-80% of all the mooMing powders w'lnlc aim' 
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rtslns take the next place of importance. Tlie tiller 
(leiierally used is woodfloiir but impact strength is 
cniisiderably increased by the use of fibrous fillers 
such as asbestos. The engineer receives these tiiould- 
iiigs as cither finished articles ready for use or as 
components ready for assembly. 

Although for certain classes of work moulded 
cji^t resin bearings have been employed, laminated 
materials offer more scope to tlie mechanical engineer 
as they have much greater strength and toughness 
I him the powder mouldings. 

In the i)roductioii of the laminated materials for 
oiiginecring pnriioscs, the resin is emidoyed in the 
li(|ilid form and the filler consists of either paper or 
textile sheets. The sheets are passed through a bath 
of the resin solution in some volatile solvent and after 
flryiiig, the impregnated sheets are cut to si/e and 
laesscd under heal and high pressure, to form com- 
posite solid boanls. As previously mentioned under 
the influence of heat, the resin is converted into a 
permanently hard, infusible and iihsoluhle iiirderial. 
llefore this linal hardening occurs, the resin is for a 
.^hort time quite plastic which enables the laininalinii> 
to 1)0 pressed into close-knitted hoards and the final 
polv'inerisation of the resin gives them a pennanenl 
-lolidiiy. 


roW».^ Mouldings 

The electrical engineei''««^ industry lai^cly u^e. 
these for their mechanical nisulaiine 

l)ropcrties. When large mimbci components ot 
exactl.v the .same size and shape arc iJ-^nired foi ma.v^ 
assembly of such articles as vacuum iadif» 

receivers, meters or small . weighing macu''“^*^‘’» 
powder mouldings can rarely be excelled in 
inonldingh to exact size, appearance, wearing pi 
pertics, low maintenance and above all low’ initial 
cost. The mouldings with asbestos and woodfloiir are 
sufficiently strong for light engineering work while 
those based on fabric or paper, costing slightly niore„ 
can be usul in place of most small metallic castings. 
One of the best examples of the application of i>lastic 
mouldings of interest to the engineer is the moulded 
liearings containing graphite powder as filler for slow 
running shafts and where liibricalion is eitlier difficult 
or impossible. Other examples arc iiiet in the motor 
car industry where steering bearings and clutch Ibni^t 
rings made from plastics are freely employed. 

Laminatki) Plastics 

'I'hese ai>i>roacb more nearly to the engineers* 
ideas of a structural material. In the table Ik'Iow 
J ignres arc given w’hich show tlK in to be considerably 
stronger than the best powder mouldings. 


TABLE I 


Propertie.N 



Phenolic 

Mouldings 


Other Moiiltliiigs 


Powder Moulding.s 


Laminated Mouldings 




WfxKlllour 

Pi Her 

I'abrie 

Filler 

I’aper 

Base 

base 

1 

.Asbestos Fine. Cloth 

cloth base base 

Grey 

Cast iron 

Aluminium 
96% cast 

Sptoilic gravity 

1 25 -I -52 

1-37- 1*40 

1 34— 1 

1 34— 1 55 

1 60-1-65 1.36 1-40 

7-2 

2-G 

i'pecific volume i:ubic 
iru'lies per lb. 

22-2.-I8-2 1 

20 2- 19-8 

20-7—178 

20-7— 17-8 

17-3— Uv8 20-5 -19-8 

2-8 

10*5 

Tensile strength Ib.s. 
per sq. inch 

riooo - 1 1000 

6500- -80(K) 

IXlOO- 13000 

801)0— 12000 

9000 • 120()0| 8000 --I8000 20000— 35000! 

1200—1000 

Mtidulus of ela.sticitv lbs. 
l»er sq. in. y 10* ‘ ... 

10-15 

7-12 

5—20 

15 


60 150 

80—120 

t nmpre.ssion strength 
lbs. per .sq. inch ... 

16000^-.^0(X)0|2(KK)0-.120()0 2000(^-40000 I80(K» 40000|.VX)00 45000 70000 - 05000 1 

lOOOO- -3001X1 

bijpact strength Izod, 

•t lbs. per sq. inch 

1-2 

2—4 

1 

5—7 Face 
2- 3 Edge 

20—40 l-act'l 
1(7-15 Rdse 

20-60 h'ace 
110-40 Edge 

0-5— 1-5 

2- 12 

A* Elongation at break 

0*5- -1 

0 5-1 

1-2 

15 - 4 

1-5-4 

0-25—1 

.V-11) 

'filler absorption 24 
I'ours immersion % 

0*2-0*6 i 

; 10-1*3 

j 0-5-9-0 

j 0-5 -» 0 

0-5 
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It will be noticed from the table that the laminat- 
ed fabric materials have a better impact strength than 
the cast iron or aluminium and a specific gravity of 
only i‘34-i'55 as compared with 7 2 of cast iron or 
2 ’ 6 of aluminium. This considerable reduction in 
weight substantial!}' offsets the somewhat lower 
tensile and cross breaking strengths of the laminated 
materials uheii coiiii)ared to cast iron. It should, 
however, be noted that the tensile, the cross breaking 
and the compressive strengths of these materials is 
as high as that of aluminium. 

Fabric laminated plastics are employed by the 
mechanical engineer in the manufacture of bearings, 
gears, pinions and many other industrial components. 
On the other hand, nearly all of the laminated mate- 
rials used in the electrical industry, have a paper 
ba.se. Although accurate mouldings of intricate 
design from laminated fdastics can hardly be exi)ect- 
ed, it is possible to mould them into simple shapes 
such as rods and tubes of circular and square sec- 
tions. The engineer generally receives them in the 
form of sheets, blocks, bars, rods, angles, channels 
ready for machining. Since laminated plastics are 
obtainable in such convenient forms, large structures 
can casil}' be built from them. Special moulds arc 
not required and the cost of the machined parts of 
most of the i>alterns is not so high as in the case of 
I)owder mouldings. 

bearings made from the resinoids can he usually 
employed wherever bronze, white metal, linguni 
vitae etc. have i)rcviously been used. The apidica- 
tiou of the laminated resinoids for heavy duly bear- 
ings ill roller mills and similar plants is now well- 
established. Some remarkable properties of such 
bearings are recorded below. The.se bearings are used 
exactly in llie same manner as the metal ones, and 
cooling and lubrication is also carried out in the 
ordinary manner as with the metallic count er\)arts. 

Specific Gravity ... ..,1*3 -1*4 

Tensile Strength ... .,.9000-12(X)0 Ibs/sq. iiieli 

Hrinell Hardness ... ..40 

Comprc.ssive Strength at right angle>400()0 lbs. 

Coiiipres.sive Strength in direction of 

laminae ... ... ... >2(K)00 lbs . 

Water ab.sorpli(in, 24 hours ininier.sioiiO'G% 

Coefficient of rriction with Water 

Lubrication ... ... 0-015 -0*02 

I,ong run tests and practical apidications of these 
bearings have proved that there is economy of 25-5‘^ 
per cent in' pow-er consumption and that they have 
approximately 20-40 times longer life than the metal 
ones. The Rolling Mills Committee of the (V'l'inan 
Iron-niaster.s Association in its report No. 136 gives 
an example of a rolling mill wlr’ch when.fitted with 
a laminated fabric bearing gave a production of 
36,000 to 80,000 tons against an average of 2,400 tons 
with a bronze bearing. The same report states that, 
although, the cost of the tesinoid bearing ivas 50 


per cent higher than the bronze one, the latter worked 
out at 7‘5 times the cost of the former due to the 
greater durability. 

Other advantages which have been found for the 
resinoid bearings are cheaper operation costs as they 
can be run satisfactorily with only water as lubricant, 
lower maintenance charges, cleaner operations, elimi- 
nation of excessive peak loads, longer runs between 
shut downs and cooler rolls. Loadings can be in- 
creased and heavier reductions made with consequen- 
tial increase in production. 

These bearings have also been successfully em- 
ployed for very heavy duty w'ork including trucks 
and another form of hearings w’ith wider range of 
application is now being experimented with. The 
latter ore self-lubricating and are manufactured as 
brushes or split-bearings having an excellent graphitic 
.surface. Their properties are : 

Specific Gravity ... ... 1*25— -1 *30 

Tensile Strength ... ... ... 5500 lbs/ sq. inch 

Hrinell Hardness ... ... ... approx. 29-5 

Water absorption, 24 hours immersion ... 0-35% 

Coefficient of friction (running dry) ... 0-08- 0-15 

These bearings have good inqiact strength and 
stand well the .shock of feeding and starling the 
machine. They are different from IhOvSe well know'ii 
small and fragile bushes made from moulding pow'dei> 
based on graphite as filler. Though manufactured 
to run dry they can be used with various liquids 
which do not corrode the shaft in humid atmosphere. 
Their properties made them highly suitable for 
medium speed conveyors and similar plants. The\ 
can also be used as gland rings or employed in con- 
junction W'ith glands, thus making designing easy 
and simple, by avoiding complicated assemblies and 
so affecting a great deal of economy by dispensing: 
with the more expensive alloys. 

Laminated materials used for the bearings have, 
however, their limitations and high temperature is 
the limiting factor when they are fabricated from 
laminated material having cotton fabric base. A 
temperature of iso^C. is the maximum for siicb 
materials as charring takes place when subjected to 
continuous use above this limiting temperature and 
the smooth bearing surface is altogether destroyed. 

Resinoid materials have a low thermal conduc- 
tivity which throws the task of the removal of heat 
produced by friction, on the lubricant or on the con- 
duction through the metal shaft. This is really not 
so great a disability as may appear at first sight. For 
example it has been found that with a resinoid bearing 
fitted to rubber milling rolls, the conduction of 
process heat to the frame work of the rolls is greatly 
reduced, and thus small but effective economy is 
obtained without any detriment of the bearing. 
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For many drives it is neither necessary nor eco- 
nomical to have the gears cut to precision limits or 
made from nuitcrials having very higli tensile 
strength. In such cases, laminated resiiioids can 
advantageously replace the metals. 

The i)o\vcr capacity of the i)laslic materials is 
comparable with that of cast iron. Owing to its low 
specific gravity, higher perii)lieral velocities can be 
used. Velocities- upto 7,500 feet j)er miimtc are 
possible where good bearings with rigid mountings 
are employed but for ordinary purin)ses, 5,000 feet 
[)er minute should lie considered a maximum. The 
natural resilience of the plastics enables them to with- 
stand .shock loads and absorb any elTects due to in-, 
accuracies in commercial gear cuttings. 

Recently more attention has been paid to the re- 
duction if not the coinpk-te elimination of the high- 
pitched metallic noise usually associated with metal 
drives, especially the high speed ones. Hy substitut- 
ing the resinoid fabric bearings, considerable relief 
is obtained. 

Principal advantages claimed for gears made 
from the laminated materials are great toughness, 
higher pitch line speed, lower weight, .silent opera- 
tions, resistance to water, oil, steam, acids, weak 
alkalis and heat upto i5o°C., high stability under all 
kinds of atmospheric conditions and excellent wearing 
properties. 

They are largely used as electric motor pitiions 
from fractional hor.se power to 300 fl.-P. at all speeds. 
Motor cars are usually ecpiiiiped with camshafts, 
si)eedomcters and wind screen w iper gears made from 
these resiiioids and small wheels for electric clocks, 
carpet sweepers and meters are turned out in great 
quantities. 


SCRKW Thrk.\1)S 

For this i)urpose laminated re.sinoids with a paper 
base arc generally employed. They machine smoothly 
and take tine threads. Canvas base rolled and 
moulded rods are largely used as bolts, although the 
material at first .seems cour.se and the lamination in 
the worst direction for the prevention of thread 
.stripping. In fact, using Whitworth standard threads 
and numbers of threads per nut, no stripping is 
observed and the rod breaks at the hoi tom of the 
thread. 

Laminated rods screwed by mass-production 
methods on a capstan lathe, lltteil w ith mild steel nuts 
and pulled w'ithout si>ecial reganl to alignment and 
flat .seating, have given tests on •% inch diameter of 
1,100 ll)s. etpial to 5,500 lbs. per Sfiuare inch for 
paper base and for canvas base t,.7oo lbs. efiuivalent 
to S,5(>o lbs. per .scpiare inch. 

Chkmicau Pi. ants 

Due to corrosive iiction of acids aiul .solvents used 
in chemical idants, the pumps and pipe lines often 
give a lot of trouble. The pla.stic materials offer 
seamless pipe lines both rigid and flexible wl;ich are 
unaffected by age, have excellent impact strength and 
can be bent and welded together very easily like 
ordinary metal pipes. Plastic materials are also avail- 
able for mouldings that arc resistant to chemicals like 
alcohol, acetone, petrol, benzene, lubricants, fatty 
acids and bleaching solutions. Pipes made from the.se 
laminated resiiioids have been succes.sfully employed 
for conveying dry chlorine gas. Plastics arc also 
obtainable for moulding pump-housings and flanges 
w hich have all the desired proiierties of metal counter- 
parts bill are resislant to all sorts of chemicals ex- 
cepting slroiig oxidising agents and strong alkalis. 
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CORD TRANSFUSIONS IN NEW BORN INFANTS 

The American Journal of Obstetrics and Gyncco- 
July, 1944, has a paper by H. W. Mayes, which 
reports the results of cord transfusions in new born 
infants. The results appear to indicate that cord 
transfusions may be the means of saving preiiialure 
babies, of benefiting full term infants when the 
delivery has endangered life, and of treating the blood 
dyscrasias. 

The reported 34 cases of cord transfusions included 
infants weighing less than sVi lt)s. with gestation 
6 


from 23 to 30 weeks, and t6 infants w-eighiiig s’/j lbs. 
and over, 13 full term, and 3 with gestation of 3O 
weeks or under. Citrated mother’s blood was 

used in most cases ; father’s or blood donor’s' 
blood from the bank, the investigator points out, 
may also serve as a substitute. A little less 
than 10 c.c. per pound of baby weight is usually 
sufficient. The blood to he transfused is kept 
ready before, .the infant is born. A 50 c.c. syringe 
containing 5 c.c. of a 2 per cent solution of 
sodium citrate is employed to withdraw blood from 
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tile mother, or from the father or the donor, if for 
any reason blood from the mol her is not desirable. 
Ill case fillered blood is to be used it should be care- 
fully filtered through several layers of Raiue before 
beiui4 administered. Transfusion sliould be efTected 
very sloul>’, say or 40 c.e. in about 5 minutes. 

The umbilical vein offers a convenient avenue by 
which new-born iiil'ants may be transfused with adult 
blood. 

( )f the ^4 infants receiving cord transfusion, four 
died, three in the smaller weight group and one in 
the larger. The general conclusion is that premature 
infants and particularly those usually considered non- 
viable are definitely benefited. In nmthers giving a 
history of previous still-births or of hemorrhagic 
di.sease and suspected of erythroblastosis, cord trans- 
fusion may be attempted with advantage. A small 
transfusion of 20 c.c. of mother’s blood acts as a 
direct stimulation to the respiratory centre and tends 
to overcome any tendency toward hemorrhage in 
infants suffering from difficult delivery. 

MILK IN INDIA 

'fuK adoption of an imiiroved techniiiue for in- 
ci easing the |»n)duction of milk in the country was 
discussed at the second ineeting of the policy com- 
mittee on Agriculture, Forests and h'isheries in April 
last at New Delhi. 

Steps to encourage the development of cattle 
breeding and dairying on proper lines to increase the 
production of milk would be taken up by the Govern- 
meiit. It was suggested that the Imperial Dairy 
Research Institute should be re-organi/.ed and ex- 
panded, and a number of sub-stations established, and 
that an Indian Central Milk Committee would have 
to he created to co-ordinate their activities. 

Provincial and vState GoverTuneuts should main- 
tain an adeiiiiale staff for developing the dairy iii- 
duslrv and for helping to increa.se milk prmluction 
by .setting up district cattle breeding and dairy farms 
which would breed |)edigree bulls and high yielding 
cows and buffaloes. They should also arrange for 
jiroduction and snpjdy of green fodder ami concen- 
trates. 

In his memorandum the Technological 

Possibilities of Agricultural Develoymient in India”, 
Dr burns has shown that the production of milk can 
lie increased by 75 per cent in India : (i) 30 per cent 
by feeding, (3) 15 r>er cent by breeding, {3) 15 per 
cent by iiiaiiagenient, and (4) 15 per cent by control 
of diseases. There is no reason why, w-ith proper co- 
operation among the Central, Provincial and State 
Governments, the targets as fixed should not be 
reached. 


For some decades Bengal has faced a real physi- 
cal shortage of milk. In normal living, the per capita 
availability of milk (including milk products) is esti- 
mated to be 2 ‘8 (>/.. per day, whereas the minimum 
requirements are 15 d/. for adults, 'as suggested ];y 
Dr N. C. Wright in 1937, and 20*25 oz. for babies of 
six months to six years, as suggested by the Indian 
Research Fund Association (“Feeding of Children 
from six months to six years in w^ar time”). 

In normal limes the annual milk production in 
Bengal was estimated at 429’39 lakh maunds, whereas 
Bengal’s annual requirement as estimated from Hk- 
census of 1941 amounts to 2708’ 30 lakh maunds. 
Hence import of cattle from other provinces is an im- 
mediate necessity as a short-term measure. 

vSpeaking al a meeting of the Royal Asiatic 
vSociety of Bengal, Dr L. C. Sikka, Special Officer, 
Agriculture Dejiartment, Bengal, disciis.scd the 
lirobleiii of Calcutta’s milk iiosition and urged im- 
liroveiiieiit in supply and distribution of milk in the 
city. Calcutta has now a population of 27 7 million, 
of wffiich 23* 1 million were adults and the rest were 
children below' 12. This estimate did not take into 
account the large mimbcr of persons living in diihs, 
hotels and other residential institutions. 

According to Dr Aykroyd, each adult should gU 
lialf a pound and a child and a nursing mother one 
pound of milk each i)er ilay.. This represents a imuli 
lower requirement compared to Western standarrl^. 
Calculated on this basis, Calcutta needs a milk supply 
of 20,000 maunds per day witli another 1,100 maiunb 
for clubs, boarding houses, hovSpitals etc. The same 
quantity is used for the manufacture of sweets, milk 
j)owder etc; the lotai requirement, therefore comc.s-ni. 
to 22,200 maunds a day. The miniinuni requirement 
for the “[iriority classes”, including infants, mirsiii,^ 
mothers and invalids is, however, estimated at about 
11,000 maunds. The daily supply of milk now stamb 
at onl> 3,700 maunds, much lower than 1937 
when the supply was b,ooo maunds. Of the 3./ ''^ 
maunds, 1400 maunds were taken away by nianutae- 
turers of sweets etc., and the balance 2,300 nianncl.*^ 
were available for 27*7 million ration card holders, 
making available' less than i oz. of milk per head 
per day. 

According to Dr Sikka, the control of milk trade 
in all its asjiects viz,, production, proce.ssing, and dis- 
tribution is to be entrusted to a milk council consisting 
of official and non-official organizations. We strongly 
emphasize the need for the iintnediate formation of 
such a council in Calcutta and Bengal to solve ininie- 
diately “the milk famine”, .specially for the priorly 
classes, and urge upon the authorities to take up the 
breeding of indigenous cows and the cultivation of 
fodder as a solution of the chronic .milk shortage. 
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rpHREE diseasses - malaria, amoebic clvsentery and 

bacillary dysentery — arc ihicc of the most im- 
portant of the tropical diseases. I'heir ravages some- 
time extend far beyond the tropics. 

Amoebic dysentery is caused by a [uotozoal 
organism (Entamoeba hist(ylyiica) ^ wliicli settles 
down in the large intestine, j»ro(lucing ulcera- 
tion of the gut-wall. The parasite can occur in two 
foqns ; the active form and the resting or cystic 
form. The free active forms are present in acute in- 
fections, but in chronic dysentery few free forms arc 
present and most of the parasites occur in the cystic 
form. It is found that the cystic forms are much more 
resistant to the action of drugs than are the free 
forms, and chronic cases are the chief carriers of the 
disease and are often very difficult to disinfect. 

There are twt) problems in the treatment of in- 
testinal amoebiasis — firstly, the relief of acute infec- 
tion and, secondly, the prevention of relapses and 
the cure of chronic infections. An outstanding con- 
tribution to the chemotherapy of amoebiasis has come 
from the group of workers- Leake, Reed, Anderson, 
Chopra, Knowles and others. It is from their critical 
studies that not only facts in regard to the present 
drugs but also po.ssibilities of developing new and 
better ones are obtained. No one drug is known 
lo-day to be completely cITcctivc. Moreover, there is 
need to vary the treatment in regard to the individual 
l»atient as well as to the type or degree of severity 
of tlie infection. 


Trkatmknt oi- Acutk Casks 

The injection of emetine hydrochloride usually 
produces a rapid and complete cure of acute cases of 
amoebic dy.sentery. Tt is the only known eminently 
satisfactory preparation for the treatment of amoebic 
hepatitis and amoebic liver abscess. Kmetine, how- 
ever, has a depressant action on the heart muscle 
and may produce cardiac irregularity. Umetine 
is obtained from Ipecacuanha root, 
available largely in Brazil. Pyinaii and his co- 
workers analysed the Brazilian variety and obtained 
-’7 per cent total alkaloid (emetine i’35 per cent, 
cei)haeline 0*25 per cent, the rest being a mixture of 
other alkaloids). It appears that the Indian variety 
of Ii)ecacuanha root is as good as the Brazilian variety, 
far as its emetine content is concerned. The re- 
searches of Pyman and others have shown that 
emetine is a complex wo-quinoline derivative, the 
ooiistitution of which has been settled. Cei^haclinc 


(C2KH3H<bNo’ is emetine in whicli one of the four 
methoxy groii|)s is replaced by a liydroxyl groii]). 
The commercial prc])aralion of emetine from cephae- 
line by mctliylation shall be of considerable imi)ort- 
aiice, because emetine i*ommands a much higher ])rice 
than cephacliiie. 

In the. course of extensive researches to liiid an 
amocbicidal drug better than emetine, Pyman and 
his co-workers synthesised a series of compounds of 
the general formula, RU‘N-(CH.Jx N.R.^R. Of 
these, the most active were two com])ounds (I, R, 
R^ = n-aniyl, x=to ; II, R, R'^»i-butyl, x = io). 
The first of tliese in acid medium was five timers more 
potent than emetine, whereas ip alkaline medium 
it was le.ss so. i-’iirthcrmore, it was less toxic to mice 
both orally and snbeutaiieously. Clinical trials, how- 
ever, i)roved it to be less effective than emetine for 
the trcatiiienl of amoelnc infections. 

Kurchi bark is used in India as a remedy f(^r 
dysentery. Luring the last few^ years much interest 
lias been displayed in the Indian species of Kurchi 
bark and besides Conessine, 15 other alkaloids have 
been isolated, alllumgh it should be noted that doulils 
have been exiiressed b\' several authors as to the 
individuality of a number of substances included iu 
this list of alkaloids. Brown found the total alkaloid 
to be as toxic to free-living amoebae as emetine. 
Chopra tried clinically the total alkaloids in the Ireat- 
meiil of acute cases by intramuscular injections and 
found them as powerful as emetine in their immediate 
effect on the symptoms as well as in their curative 
value. They did not, lu)w evcr, produce any of the ge- 
neral toxic effects usually met with when emetine in- 
jeetions were given, especially for prolonge*d periods. 
However, these injections prcxluced inllammation and 
sw elling of the ]>art^ and were, accomiianied by con- 
siderable pain in some cases. According to Knowles 
and his co-workers, iiitranuiscnlar injection of Concs- 
sine has not iiroduce^il iiromising results in the treat- 
ment of amoebic dysentery. In view' of these find- 
ings, investigations should be carried out to ascer- 
tain (a) whether Kurchi hark contains any other alka- 
loid, besides the sixteen already isolated, (fi) whether 
the therapeutic activity of Kurchi bark is due to one 
particular alkaloid jirescnt, or due to the combined 
effect of sonic or all of these alkaloids. 


Trkatmknt ok Chronic and Relaksino Cases 

The treatment of chronic and relapsing cases is 
much more difficult than the acute cases. Emetine 
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injection which constitutes the best known remedy 
for acute cases is ^^encrally a failure in the chronic 
state of the disease. This difficulty stimulated the dis- 
covery of other drugs for the treatment of chronic 
and relapsing cases of amoebic dysentery. Emetine 
bismuth iotlide, Kurchi bistiiuth iodide, Carbarsoiie, 
Stovarsnl, Vatreii and Vioform have been i)roduccd 
and ])Ut in the market. There is much divergence of 
opinion regarding the efficacy of each individual drug. 
According to many clinicians, no single drug of this 
series can always eradicate the chronic infec?tion and 
it is necessary to coinbine a number of drugs in an 
endeavour to obtain sterilisation. Even then, there 
is no combination of drugs which provides a guaran- 
teed cure and there is much need to discover more 
potent drugs. 

The action of emetine injection is not under- 
stood. It is thought that it attacks the tissue invaders 
and therefore, it must be complenieiited by another 
drug to destroy the lumen dwellers. Sometimes there 
is unwarranted tendency to use emetine injection to 
the limit of tolerance and to repeat the procedure 
unduly. After the acute symptoms have been brought 
under control by the judicious dosage of emetine in- 
jection, the final sterilisation should be attempted by 
the concerted use, over a period, of a variety of drugs 
among which Carbarsoiie or Vioform by mouth com- 
bined with Yatren retention enema has been consi- 
dered by many clinicians as giving the be.st results. 

E^mtine Bismuth Iodide , — It is a complex iodide 
of emetine and bismuth, and is administered orally. 
In the intestine it is decomposed by alkali and the 
emetine that is set free, exerts its action in the in- 
testine. In the treatment of chronic cases, .some clini- 
cians have obtained very favourable results with this 
in England. According to Knowles, the drug is not 
so successful with the class of cases usually met with 
in India. 

Aurenietinc , — It is a combination of the perio- 
dides of emetine and aurainine. It is said to have 
given some gratifying results in the treatment of 
chronic cases. Its toxicity is low and does not gene- 
rally cause nausea or vomiting. 

Kurchi Bismuth Iodide . — It is a complex iodide 
of bismuth and the total alkaloid of kurchi. In the 
chronic cases where a high concentration of the drug 
in the intestine is desired, the oral use of kurchi bis- 
muth iodide, a compound chemically and therai>cuti- 
cally analogous to emetine bismuth iodide, was re- 
commended by Acton and Chopra in 1929. 

Carbarsone. — Cliemically, it is fjara-carbainido- 
phenylarsonic acid, which can be prepared from 
atoxyl. It was first prepared by Ehrlich, but he dis- 
carded it on account of its being one of the penta- 
valcnt compounds, a group which he then regarded 
as inferior to the tri\alent arsenicals. It was subse- 


quently found to possess pronouticcd amoebicidal pro- 
perties and was introduced by Anderson and Reed 
ill 1931 as a highly specific drug for the treatment 
of amoebiasis. According to Reed and his co-workers 
and also Leake, Carbarsoiie is more effective and less 
toxic than Stovarsol. As with other arsenical com- 
pounds of this tyj)e, the possibility of optic trouble 
should be borne in mind, although there is practi- 
cally no evidence that this has occurred. 

Stovarsol. — Chemically, it is 3-acetylamino-4- 
hydroxyphcuyl-arsonic acid. It was introduced by 
Fourneau and Levadili in 1922. It is also used, 
though to a very limited extent, for the treatiiieiU 
of chronic amoebic dysentery. 

Recently Saiidground in America has obtained 
conclusive evidence, on the basis of some animal ex- 
periments, that />tfr«-aminobeii/oic acid has no in- 
liibitory action on the tryi^anocidal potency of Car- 
barsone and Stovarsol. On the other hand, para- 
aminobenzoic acid exerts a detoxication action against 
massive doses of these orgaiio-ar.senical drugs. If con- 
firmed on clinical trials, this work is going to have 
far-reaching importance in the administration of 
orgaiio-anseiiical drugs . 

Iodoform . — The use of iodoform for treatment of 
amoebic colitis was advocated by Castellani in 1935. 
However, its use for the treatment of amoebic dysen- 
tery has been abandoned in view of the discovery of 
better substitutes. 

Yatren. - Chemically, it contains the sodium salt 
of 7-iodo-8-hy(lroxy-(jiiinoline*5-sulphonic acid, and 
can be prepared from S-hydroxy-quinoliiie. In 19.’! 
Miihlcns and Mcnk advocated the use of this drug for 
the treatment of amoebic dysentery. It possesses 
well-marked amoebicidal i)roperties and appears to l>e 
effective both in acute and chronic cases. It is 
specially indicated in those patients wlio sufTer from 
pathological conditions of the liver and the kidney and 
in certain forms of dermatitis, where carbar.soiie is con- 
traindicated. When given orally, it has a trouhlcsonie 
feature, as it often produces diarrhoea, though mild 
and ])ainlcss, which starts on the second or third da\’ 
of treatment and persists till the treatment is over. 
Knowles and his co-workers are of the opinion that 
unless diarrhoea is produced, the results of treatment 
are poor. In fact, according to them, the drug acts by 
producing irritation of the mucous membrane of the 
colon. This drug is, tlicrcfore, now generally used 
as retention enema. 

V i 0 f 0 r m.—li is 7-iodo-5-chloro-8-hydroxy- 
quinoline. It also i^ossesses pronounced amoebicidal 
j)roperties and it is reported to be effective in 
acute and chronic cases. It is a safe drug, because 
the margin between its therapeutic *dose and toxit: 
dose is very great. It is especially useful in cardiac 
cases, in which emetine is contraindicated. The drug, 
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however, should not be adiiiiiiistered continuously 
for 2 or 3 weeks. A rest period for a week or so 
should be allowed in order to avoid any chance of 
iodisin. According to David, Johnstone, Reed and 
Leake (1933)1 Vioforni seems more satisfactory than 
Yatren in amoebicidal activity and in the need of a 
smaller dosage at less cost. It seems slightly less 
satisfactory than Carbarsone in that it appears more 
apt to cause gastrointestinal irritation and lacks the 
definite tonic and stimulating action of Carbarsone. 
Where Carbarsone is contraindicated, Vioform seems 
to hll an important place in the treatment of amoebic 
dysentery. 

Brucea Sumairana.- ^hc seeds of ya tan tzu, a 
plant well known in vSouth China and Malaya, have 
been used .since a long time in the treatment of 
chronic amoebic dysentery.. It is known botanically 
as Brucea Sumatrana and its properties have been 
investigated by Power and Lees in 1905 and also by 
IIsiao-Liang in 1937. An alkaloid brucamarine and 
a bitter glucoside have been isolatal from the seeds. 
According to IIsiao-Liang, treatment of acute or 
chronic cases with the seeds produced beneficial re- 
sults. Detailed work on the chemistry and pharma- 
cology of the active principle of these seeds may 
prove useful. 

CONCI.U.SION 

Chronic amoebiasis, always a difiicult condition to 
treat, is frecpieiitly encountered by medical ]>racti- 


tioners in the tropics. It devitalizes the patient con- 
siderably and renders him susceptible to other in- 
fections. 

An analysis of the present status of chemotherapy 
in amoebiasis indicates that marked |)rogress has been 
made in the past .25 years in the development of some 
relatively specific drugs which are rather well tole- 
rated by the patient. However, as a result of cxteii- 
.sive clinical trials of most of the- important chemo- 
therai)eutic drugs, described above, on cases of 
amoebic dysentery in the army in India, Lcishman 
and Kelsall have recently found that there are some 
relapsing cases which resist the action of all these 
drugs or a combination of some of them. They have 
felt the urgent need for the discovery of a new, more 
potent amoebicidal drug which will effect cure in 
chronic and relapsing cases, 'riiere is, therefore, 
abundant need to explore other prei)arations, whether 
by any synthetic process or even from any natural 
source. 

In conclusion, it may be stated that besides 
chemotherapy the nutritional state of the patient in 
amoebiasis is another important factor in increasing 
his resistance to the pathogenic organism. The vita- 
mins as well as the es.sential amino-acids may help 
him in withstanding the undesirable effects often 
associated with this disease and in its usual clinical 
treatment. 


BOOK REVIEWS 


Penicillin. — Published by the TTnited States Office 

of War Information, 1944. 

The United States Office of War Information has 
done a great service to the medical profession by 
publishing a reprint of 28 papers (1943-44) on peni- 
cillin (case observations) from the Journal of the 
^Imcrican Medical Association, the bulletin of the 
Vne York Academy of Medicine, the Medical Times 
and Science. The contents arc clas.sified on subjects 
dealing w'ith a general di.scussion of penicillin, and 
penicillin as ai)plied to sjiecific illnesses and to 
venereal diseases. 

The therapeutic development of penicillin is re- 
vent and wartime, and ideas about it are still vague. 
Comprehensive information about the culture and 
extraction of the drug, dosage and mode of adminis- 
tration can be profitably utilized from this brochure 
l.>y the physician at a time when the drug is being 


made available for civilians. The distribution of the 
drug in India, as our readers are aware, is now under 
the control the Central Penicillin Control Board. 

Valuable work on penicillin is still in progress 
ill the laboratories in Britain and the U. vS. A. and 
also at the llaffkine Institute at Bombay and the 
Bose- Institute at Calcutta. Processes are being 
evolved for the manufacture of penicillin on a com- 
mercial scale in India. 

Penicillin can be effectively used in all staphylo- 
coccic infections (carbuncles, meningitis, pneumonia), 
all cases of clostridial infections (gas gangrene, malig- 
nant edema) , afl hemolytic streptococcic infections 
(cellulitis, peurperal sqisis, peritonitis), all aiierobic 
streptococcic and pneumoccic infections, all cases of 
sulphonamide resistant pneumococcic pneumonia, 
all gonococcic infections, and in all ca.ses of sulphona- 
mide resistant gonorrhoea. 
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Penicillin as an efficacious remedy for bacillary 
infections (typhoid, dysentery, coli), tuberculosis, in- 
fluenza, rheumatic fever, malaria, etc. is not as yet 
established. This new inycologic and chemothera- 
peutic aKCUt promises to replace sulphoiiamides in 
medical practice when adequate supplies are avail- 
able. 

The brochure is, however, incomplete, as the 
results of investigations on penicillin, extensively 
carried on in Hritaiii and elsewhere where the drug 
has been used for treating war wounds etc., are not 
included. 

A. k\ a. 

Beautiful Flowers of Kashmir. - lly Kthelbert 
Platter, Vol. I. riiblished by vStaples and 
Staples Limited, Loudon. Pp. xv-i 198 ; plates 
34, iigures 193. 

Published for the first time in 1927 by John Pale, 
vSons and lianielson Ltd., a reprint of this book 
appears for the second time after a gap of nearly two 
decades by Messrs. Staidcs and Stai>les, Limited, 
London. Kollovviiig Perilham and Hooker’s system 
of classification, this volume includes the beautiful 


flowers of Kashmir, from the Ranunculaceae to 
Compositae. A key for the idenfifiLcation of species 
is given under each genus and the excellent plates 
will help the botanist as well as the ordinary layman 
to easily identify the flowering plants of Kashmir. 

The work was originally commenced by Prof. F. 
Flallberg, after whosij untimely death in 1924, it 
devolved on the present author. As originally in- 
tended, Father Platter has succeeded in his efforts to 
make the book popular avoiding technical terms as 
far as possible. 

The book is not intended to give an account of 
the complete flora of Kashmir but Collett’s Flora 
Simlcnsis, Coventry’s Wild Flon'ers of Kashmir, and 
Koul’s Beautiful valleys of Kashmir, when consulletl 
along with this book, will give a fairly complete 
account of the botany and Natural Flistory of one of 
the finest botanical areas in the world. Anyone 
wishing to trek in the Kashmir mountains, will find 
this book very useful. 

It is unfortunate, however, that Ilypericaceae, 
erroneously inserted in p. 55 in tlie origitial edition, 
is not corrected in this reprint. 

A. K. G. 


LETTERS TO THE EDITOR 


[The editors are not responsible for the views expressed in the letters.] 


A NOTE ON THE CRYSTALLINE CONSTITUENTS 
OF 'KAKRA-SRINCr 

‘Kakra-SringC, or the gall-likc excrescences 
caused by a kind of insect on the leaves and i>etioles 
of Pislacia iniegerrima Stewart (N.t). A nacardiaccac), 
has been the subject matter of an inve.stigation by 
Chopra and (Uiosh^ who isolated /uter alia a crystal- 
line compound (ni.p. 14b®), which they thought to be 
a hydrocarbon. The present author investigated the 
nature of this compound in 1937. In view of the 
fact that Karinmllah and others^ ha^e recently taken 
up the investigation of Kakra-Sringi, it is desired to 
place on record the results obtained before. 

The crystal' ine compound of Chopra and Ghosh 
was isolated by extracting the coarsely powdered and 
dried galls with benzene (b.j). bo-70®). Removal of 
the solvent left a pale roerish yellow syrup, which 


on long standing deposited colourless cry.stals. These 
were purified by rei)eated crystallisations from alcohol 
and melted at 146-170°, the 111. !>. being not sharp. 
Slow cr>'stallisatioii from methyl alcohol of the crude 
material, which appeared to be a mixture, gave two 
types of crystals : (i) soft, brittle, needle-shaped and 
(ii) hard, transparent, rhombic. These uere mechani- 
cally separated and repeatedly crystallised from the 
same solvent when the needle-shaped crystals melted 
at 174-73° and the rhombic crystals at 153 - 4 ^- 
Repeated crystallisations from benzene and petroleum 
ether, chloroform and methyl alcohol and acetone, 
benzene and methyl alcohol eventually raised the 
m.p.’s to 179-80° (shrinking at 177^) and 161-62° 
(shrinking at 155°). 

Both these compounds were acidic to litmus and 
dissolved in acpicotis sodium bicarbonate with effer- 
vescence. These were consequently called <-acid and 



July, 1945 


IJiTTERS TO THK KDITOR 


47 


^-acid respectively. Their behaviour towards some 
reagents are recorded below : 


Reagent 

Alpha-Acid (m p. 179-80°) 

Beta-Acid 
(m.p. 161-62°) 

Alcoholic Alkali 
(hot or cold) 

Soluble, no change of 
colour 

It 

Alkaline sodium 
nitroprusside 

No change of colour 

It 

Cone. Sulphuric 
Acid 

Red 

Re.<l 

I'erric Chloride 

Yellow colour 

It 

Ammonincal 

AgNO, 

No reduction 

9% 

Fehling*s solution 

>1 !• 


Calcium chloride 

No. ppt. 

It 

lycad acetate 

II II 


Cone. H 3 SO, 4 -a 
tlrop of acet ic an- 
hydride. 

Oraiigc.-ri*d colour with a 
slight green fluoreseeiicc 


Cone. Il.^SO, -1* 
CHCl, ' 

Pink ring at the junction 
of two licpiids; on shak- 
ing If.SO, layer becomes 
pink and then orange. 
Finally a slieht green 
rtuoresi-fiu-c appears, 

t'lICb layer n-iiiaitis 
colourless. 

• 


The analytical data of the acids were as follows : — 


a -Acid 


/3-Acid 


0-79 66, 79-68, 79 97 

H- 10-0, 9-9, 9-24 

Optical rotation 4-17*31° 

M.W. (Cryoscopic in benzene) 
727-8 


79 96, 8()-0, 80-3, 80-21 

9-9, 100, 10 05, 10-22 

-78-15° 

727-8 


liqui valent wt. (titration 

against N/20-alkali) 395-2 


404-7 


The methyl esters, prepared • from eack of the acids 
by saturating a methyl alcoholic solution with dry 
hydrochloric acid at formed colourless needles 
from methyl alcohol and had the same in.p. of io8-g®. 
A mixture of the two also melted at the same teiii 
perature. [Found: C~8o'2, n = io\s, M.W. (cryo- 
scopic in benzene) 428*3]. 

The preliminary data as recorded above may be 
interpreted thus : 

(1) The acids have molecular weights above 400.- 

(2) The C-H values are in fair agreement with the 
molecular formula CJ0H44O3. 


(3) The acids are presumed to belong to the 
grouji of triterpenoid carboxylic acids of Can-type 
which arc widely distributed in vegetable kingdom. 

(4) In benzene solution the molecules are 
associated. 

I am indebted to Dr P. K. Bose for his guidance 
and helpful suggestions. 


Sanat Kumar Gut>sE 


Chemistry Department, 

University College of Science, Calcutta. 

1-5-1945. 

* Chopra and (Uiosh, Ind. J. Med. Res., 17, 377, 1929. 

.* Kanmullah and others, /. Sci. Ind. Res., J, 423, 1945. 


NOTE ON THE ORIGIN OF THE ASBESTOS DEPOSITS 
OF MANPUR, DHALBHUM SUB-DIVISION, SINGHBHUM 
DISTRICT, BIHAR 

Tiiij basic and iiltrabasic rocks which extend 
i^outhwards and south-eastwards from near Manpnr, 
about three miles south of the Cliaibasa-Ohatsila 
road and about eight miles from Ilaludpukur railway 
station on the Tatanagar-( lorumahisani line, contain 
very good (jnality and workable deposits of asbe.stos. 

The origin and mode of (occurrence of the 
deposits have not been studied so far. The asbestos 
is of the chrysotile variel>’ and the fibres range in 
width from thin stringers to unusually long logs some 
of which are six feet long. There is considerable 
variation in the degree of filoerization and these grade 
into masses of liglit greenish logs of scaly serpentine. 
A little calcite and small egg shaped nodules of 
asbestos fibres containing pyrites in their cores are 
also found. The rocks immediately adjoining the 
a.sbestos arc greenish altered basic and ultrabasic 
rocks ])ut talc schists and talc-chlorite schists are 
common. Talc-chlorite schists are also found near 
al)Out the enher asbestos deposits in this part of 
Dhalbhum such as Butgora. The rocks show con- 
siderable shearing and even the veins of asbestos are 
sheared. The occurrence of the peculiar egg shaped 
nodules also ])oint to the same direction. 

The i)arent rocks vary from dark black peridotites 
showing beautiful mesh -structure olivine, hypers- 
thenc, augite, iron ores, etc., to gabbros through 
troctolite. The gabbro shows sharp boundary against 
the peridotite. Serpentinisation has not affected the 
rocks uniformly and consequently the distribution 
of asbestos is irregular. Massive and comparatively 
little altered peridotite is seen passing into a serpen- 
tine rock containing veins of asbestos. 
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Thu sirikiiiK kaluru of the dui>osits is its 
association with hydrolherinally altered and sheared 
schistose rocks. It appears that the area had under- 
jijonc reftiotial inetainorphisiii, hut while the massive 
and compact ])endoliles escaped with slight meta- 
morphism which gave it a little giieissose appearance, 
the more hydrotliermally altered rocks have become 
schistose with some amount of shearing t)wing to the 
presence c)f such minerals as talc, chlorite, etc. Hand 
specimens containing cross-fibre veins of asl)estos 
show that the shearing was subse(iiient to .serpeiitiiii- 
sation. 

Tlie outcrops of the basic and iiltrabasic rocks 
form inconspicuous masses in the midst of granite. 
The age relation between the peridotite-gabbro rocks 
and the granite is doubtful. The granite rocks also 
vary considerably in texture and structure. Future 
study will show whether the granite rcK'ks are of the 


same age or of dilTerent ages. Dykes of a gneissose 
granite were found cutting through the gabbro but 
as they are far from the asbestos deposits it ai)peurs 
that the formation of asbestos, or serpentinisation, is 
unconnected with the granites of the area. The 
asbestos seems to have been a direct result of hyi)o- 
hydrous alteration^ of the olivine rich rocks and is 
earlier than the formation of talc and chlorite. 

I'he detailed account of the rocks and the 
deposits will be publi.shed elsewhere later on. Thanks 
are due to Rai Sahib M. O. Ruiigta and to Mr K. 
Chakravarty,' the Manager of the mines. 

S. C. Chatterjick 

Calcutta, 5-6-1945. 

‘ The Problem of Serpentinisaticjii and the origin of certfiin 
Chry;»olile AsbesUis T.alc and Soapstone ileposils by II. 

H. Hess, KcoHoniic (',coloy,y.28, 055, 1933. 


IDENTIFICATION OF EGGS OF COMMON FRESHWATER 
FISHES OF BENGAL 

The collection of eggs of edible fresh-water 
fishes is generally done in lots. Unless we are 
definite about their identity it may lead to utter dis- 


appointment at the end. Identification of egg- 
<lcpends mainly on nature, si/,e, shape and colour 
which we have found in working out a scheme of 
l.C.A.R. The following table will be of some iul 
in this direction. 


Nature of the egg 


I. Non-fioating 

(.\) Non-adhesive 


(B) Adhesive 

(a) Noii-lilaineiitous 


(6) Pilaniciitous 


2 . Floating 


Size 

Shape 

Colour 

Parlieiilar species 

(1) 5’3 to 6 5 mill. 

round 

light red 

Calla cat la 

(2) 5-5 Ttini. 


brownish 

Cirrhina uniyala 

(3) 5 mill. 


reddish 

JMhco rohita 

(4) 3 — 4 mill. 


bluish 

iMbeo calbasii 

(5) 4-5 nim. 

91 

bluish 

Labco gouitis 

(1) 1*5 X 1-3 inni. 

oval 

gretnisli 

Clarias balrachiis 

(2) 1-2 to P5 mill. 

round 

yellowish 

Wallajiouia atlu 

(3j 3-5 mill. 



Sotoptcru 5 not opt c ru 5 

(4) 6-5 mm. 



Notoptems chitala 

(5) 2 mm. 

If 

light brown 

Mastecunibelns sp. 

(6) 1 mm. 

M 1 

transparent 

liarhns conchoniits 

(1) 1 iniii. 

(2) P4 mm. 

round with Ixith 
short and long 
filaments 

round with long 
filaments 


Oryzias mclasligina 

Apiochilus panchax 

(1) 1 mm. 

round 

golden amber 

Ophiccphaliis piinctalns 

(2) 1*25 to 1-5 mm. 

•* 

amber 

Ophicephalus strlatiis 

(3) 1-5 X 1-7 mm. 

oval 

limber 

Ophlcepltalus manilius 

(4) -7 mm. 

round 

transparent 

Aitabas testudincus 

(5) -75 mm. 

,, 

Cfllisa fasclata 

(6) -7 mm. 

II 


Colisa tali us 


Zoology Department, 
Calcutta University, 
Calcutta, 1-5-1945- 


H. K. Mookerjek 
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THE 220th ANNIVERSARY OF THE U. S. S. R. ACADEMY OF 

SCIENCES 


cvlchralioii of llic .ijotli nnniwr.sarv of llic 

Fouiulalioii of Ihu V. S. S. R. Acackniy 
of vScicnccs, \vl lie’ll look place at ^loscow ami 
lA'iiiii.i^ratl from June ps l<^ June is a mcmorahle 
event in the annals of science. It was the first occa- 
sion after nearly six years of W’orltl War that the 
scientists of the world were i^iveii an opportunity of 
coniini* toiiether and disciissin.e- scientific problems in 
a frieiidlv alinosjdiere. It was the first (Occasion that 
the ininiense potentialities of air-travel in shortenin.L’ 
the time (^f travel, and thus facililatiiiL; international 
cfimniunicalion was realized in civil life. The Kn.i»lish 
dele.iiates, twenty one in number, and the French, 
and the lleli^ians left their respect iw countries 
after breakfast, and could reach Moscow before 
<linner time. The Aiiierii'an dele.^ales, 17 in 
muiiber, took lon.eer time (iiearlv four da>s», 
as they chose juirposelN' a circuitous route and 
had to chanj:»e their planes at Cairo and Teheran. 
The journey from India, made by Drs ^I. X. Saha 
and Joseph Xee<lhani, triok ei.^ht days, because they 
had to change and wait at the two intermediate 
stations of Fai^hdad and Teheran. Actually the 
shortest distance from Calcutta to Moscow is only 
2^)0 miles and can be covered by a fast bomber fiyin.e, 
without stop])a.ee in i,] hours and with sloppai^e 
and in easy sta.i;es, in twd days, if the route Calcutta 
••I'elhi-Cabul-Taskent-M«)scow were open. It is thus 
possible with modern air transport, and provided the 
])ass-i)ort rejjulalions are made easier, to .^et up an 
international conference in C(»urse of two »)r three 
days. Put human psyche has still to under.eo a radi- 
cal purification before the eiionmnis iiower of science 
can be switched on to do .eood instead of evil. 

The 220th session of the U. vS. S. U. Aca- 
<lemy did not differ in essential respects from 
sessions of similar bodies in other coun- 
tries e.g.f the meetings of the British Asso- 
ciation, or the American Association for Advance- 


ment of Science, or our own Indian vScieiice C'on.eress. 
There was the usual reception of delegates, addiess 
by the President of the Academy (President Komarov 
who is an eminent Ikitanist, now in his seventyfiflh 
year), sectional meetings and di.scussions, visits to 
research institutes t)f the Academy, and to other 
places (»f interest viz., tlie Kremlin I^dace, museums, 
collective and Stale farms, the Lenin Library, and 
the Moscow \’olga Canal, the ruins of the Pulkova 
observatory and the suburbs of Leningrad, the 
Peterhof and Tsarskoe vSelo i)al.'ices. Put in place 
of addresses by sectiomil ]n\‘sidenls 011 their res]>ec- 
tive subjects, we had reports by leading Academicians 
on the lU'ogrcss of their respective fields of sludv 
in Ru.'sia. ( )ne should m)t omit the dinners which 
were on an enormous scale mid the various enter- 
tainments provided e\'ery evening in the form of 
operas, ballets, concerts, etc. etc. 

The foreign visittn* must have gathered that the 
r.S.S.R. Academy of Sciences is in many respects a 
fundamentally different institution than c)thers bear- 
ing a similar or cognate name in other countries c.g., 
the Royal Society of Londem, or the National Academy 
of vSeieiices of the L.vS.A., though its origin and its 
activity during the pre-Revolution days were (piite 
similar to those of its sister bodies in other countries. 

The Academy was conceived by Peter the (fieat, 
the maker of P'unipeaii Russia, as part of his grand 
scheme of moulding Russia on the model of the 
luiroiiean State, but he died (Jan. 1725) before he 
could formally found it, though he ai)proved of the 
statutes beffU'e hi.', death. The Academy was brought 
into existence the same year in December at St. 
Petersburg under the name of .Icadcmic Tmpcrialc dcs 
Sciences de Saint rciershuig or, in Russian, fmlu ra- 
toskaya .\cadcmiya Nailk by his widow and successor, 
the luupress Catherine i, who fixed an income f)f 
about XuS.ooo for the payment of 15 Academicians 
and the clerical staff. The ‘Academicians* were ex- 



SCTKXCH AND ClXTrUK 


Vol. XI, No. ‘J 


50 

|>L*t'lc(l to (k*v<)tc* llicir whole* life to the pursuit of 
sciciKx* and knowk*d.v;e. 

President Komarov dilTereiitiates a nuinher «)f 
slaves or periods in the develoi)nient of the Academy : 

“The I'irsl IVriod which covered the eighteenth 
century, was a period of striiiLi.i^le for a scientific t>ut- 
look. In all the diversilied fields, where the inein- 
hers of the Academy were active, they foii.iiht for a 
rational interpretation of facts. The human mind 
freed from the seholastie way of reasonin.ii, charac- 
teristic «)f the Middle A.ee, refused to acknowlediie 
tile supremacy of aii\' other authority. In the domain 
of natural science this tendency at that time expressetl 
itself in a mechanical interpretation of Nature. 

'fhe Second IVriod covered the nineteenth cen- 
tury, and early part of the twentieth century before 
the Revolution of KpS. This was a i)eri()d of in- 
ilividual achievement by .i^reat scientists all (»ver the 
world, as a result of i)ersonal initiative. As a result, 
an immense store of information in every domain was 
accumulated, and in boureeois countries, le<l to what 
is known as the Industrial Revolution. 

rhirin.L; the second period, science in Russia 
was not contined within the Academy, but 
^l)read to the universities, and Russian science 
could boast of sitch names as Mendeleev, the 
di.scoverer of the Periodic Cla.ssi heat ion, Metchni- 
kov, the i»hysiolo,i»isl and discoverer of white 
corpuscles, Chelnchev, the nialheinatician, Kar- 
l)insky and Wrnadsky, .<;eolo.i»ists, Pavlov, physio- 
lo.eisl, and others too numerous to mention. Hut 
there was no ‘Industrial Revolution* in Russia, due 
to the stu])idity of 'iVarisl nde, and Russia continued 
to he a c«)Untry of peasants and serfs dominated by 
capitalists, mostly foreii^n. This led Kjj the tra.eic 
end (»f Tsarist Russia in the first World War. 
'I'he scientists of Russia were aware of the backwanl 
condition of their country, and Mendeleev in parti- 
cular did sometimes j^ive vent to his feeliipcs of dis- 
satisfaction, but they had no elTect on the iN’tir ami 
his advisers. 

The Third or M«)dern I'eriod commenced after 
tile Revolution of ioi«S, and is characterized by 
Komarov' as follow. s ; 

\i'c liesivihc Hie Will n’uliny ii.s a iculuiy of 
n'd.^ou, Hie SIX eentuiy ti.s a ieuliiry ot seienee, then out 
limes may i/e ileseiiheil as a nhiieisal penehrJion of 
.Siii'iue into Hie life of Man.” 

Accordiiii; to Komarov, keiiin, inspired by the 
writings of Manx and luii^els, was tlu first 
and almost the solitary hi>ure amon.cst the 
rulers «»f the world, to have realizeil cleruly the 
ureat role which scii'iice was destined l») play in the 
.drama of human history. He realized tliat Tsarist 
Russia was, even on a very moderate estimate, 
hundred years behind her time as regards her 
ecomnnic and industrial development, and he foresaw 
that if the young Soviet Republic was to survive 


amidst world of enemies, she was to juini) olT these 
hundred years by a forced march in course of ten or 
fifteen years. This was the origin of the State Plan- 
ning Commission, established in igai, which became 
the mains] ning of Russian economic life for nearly 
cjuarter of a century now. 

As a link in this gigantic task of reconstruction 
of Soviet Russia, kenin called the Academy to its 
aid, and enormously expanded its activities. The 
result «)f this move may be easily gathered from the 
following figures: 

111 IU17, the Academy had 40 academicians, 

einphn ed : scientists and technicians, had 5 labo- 
ratories, 5 museums, i research in.stitute, 2 observa- 
tories under its control and organized 15 commis- 
sit)ns. 'fhe budget was one and half million roubles. 

In 1041, the Academy had 76 scientific research 
institutes under its control, of which 47 were central, 
.:i) under branches of the Academy, ii independent 
laboratories, 4.2 seismological, biological and other 
stali<ms, and h observatories, and emploxed 
scientists and technicians. An account of the 
Research Institutes under its control a])])ears else- 
where in this isstte. Its budget in it)4i was 
million naibles, plus .u millions alloted from republi- 
can and h)cal budgets for the maintenance of tlie 
various branches of the Academy. There is a little 
diliiculty in understanding what a ‘rouble’ acluallv 
means in foreign currency, but taking the rate <»f 
exchange as granted to employees of the Hritisli 
embassy, the amount comes up to 4'j million j»otinils 

nearly 4 crores of rupees. If we take the rate 
available in Russian banks {:>o roubles to the ])ound'' 
it c«)mes to ten crores of rupees. 

It must not bv- supposed, howevvr, that Ibe 
Academy moiioi)oli/.es all scientific research. In 
.Soviet Russia, there are no private industrialist.^, 
merchants ami landlords ; all heavy industrie", 
l»ublic health, trails] »ort, land reclamation, riwi 
control etc. are State inoiio])olies and are under 
the 1 eo])lc’s Commissars, b'very one of the indii*' 
tries and subjects has research institutes of its own. 
and every big factory which are of course all Stale- 
owned has research laboratories of their <iwii. Witli 
a view to ])romotiiig medical research, the Council 
of leo])le*s Commissars has decided to found an 
Academy of Medical Sciences of U.S.S.R. attached 
to the Coniniissariat of Health of I'.S.S.R. Ivxclud- 
ing nieilical research, the total stale budgetary l>ro- 
v'ision for all scientific rc.scarch was a little over one 
thousand million nmbles in It mii.st be nnich 

larger now . 

The j)rincii>al function of the Academy ol 
Sciences is to ]>romote the general development ol 
both theoretical and applied sciences in the U.S.vS.R*. 
study and development of the achievements of woiUl 
science. The Academy bases its work on the 
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|)lamicd utilization of scientific iichicvcincnts for the 
puqKise of ]>roniotinji the huiUliiij^ up of a new 
socialist classless society. 

In the words of Peter Ka]>itza : 

“Tilt* Academy of vSiienres is llie <•. II. O. Soviet 
Seieiiee. It is called lo l>c the idetil(»'.^ical .i^uitle of 

the whole of S«A’iel Scieiu'e, from top to ])oUoiii, and l«» 
dirt'ct it aloii.i: a healthy channel. Ivich indi\idual institute 
of the Acatlemy j)f Sciences tniisl hdl«i\v tlie same police. 
i.r. strive to heroine the .nni<lin.e inlhunci* in iu parliiiilar 
sphere of science ami try to achieve its ma\immn tle\e!oj>- 
inenl.'' 

President Komarov dwells upon some of the 
achievements of the Academy in individital fields. 

“'Phe third ])eriod has seen the <lisco\er\ of sn]).r- 
nutdity in helium hy Kapit/a; our ehemisis .are pnuid of the 
theory of physical-chemical analysis developeil In Kurnakov, 
of the works of Zelinsky, I'‘av«»rsk\ .iml «)therH. KemarkahU* 
hiochemical ideas have heeii di veloiied hy Iku h. Mechanic'^ 
and nialhematics have received valuahle e«inlrihiitions at 
the hands of Kryh»v and \'itio.i;ra<h»v . The Mudy of the 
h'arth's crust has heeii suhslantially advanced hy the in- 
vest i.i^at ions of Ohrtichev. In phvsioloi.;y imporlaiil work 
has l»een tloiie In the ])Uj)iK of I’avlov hea<li‘d In Orheli.” 

“The power of the Academe of Sciences of the 1'. S. 
S. 1\. as the scientific centre of the I’nion liecame c<»n‘'pi- 
cuous (Inrin.t; this .ureat national war with the (ierman 
invaders. With the country, with the wlaile luidy of 
scientists, the .\cademy ])ut all its strciij^lh in the defense 
<»f 1-alherlainl and had suhsianliallv contrihuted l<» the 
defeat of the enemy.” 

A feature characlcrizint' the development of 
science duriiit; the third period is that the ‘complex* 
method was used in workin.u out .scientific problems. 
As an example of sucli ‘complex' way of treatment, 
the President refers to I lie work of the Committee on 
the Mol)ilizalioti of the Trals’ resources of whicli he 
has been the head in the followin.e words : 

“'Phis C<»inniiticc has workc<l out tlu most urecni 
mclhods to he iindcriakcn in ferrous and non-fcrnuis »netal- 
hire> . power cimincerin.e:, transport, inaiiiifaclure of Iniihl- 
inii materials, and aj^riculturc. Durin.i; the 50 year', that 
I have heen working as a '.lientist I liave never fell '.o 
c<jm|)letely satisfied as since I have hecn .eiveii the oppor- 
i unity to work at the mohili/ati<»n <jf the inexhausiihlc 
resniircis of this .ereat Country <»f our'.. Never have I seen 
• uir '.cieiiiisls to work with such cnlhnsiasm. All liehls of 
Soviet si-ience have heen involved. The ])hvsicists were 
<>ceupied with the theoretical and exeprimeiilal work ainuMl 
at the ci/nsiruclion of new tyjies of armament, malhetnaii- 
cians have w<irked out new rapid inetliods of calculation for 
artillery, airi raft and inen-of-war ; ehemisis have developed 
new ])roc'esscs for j>roducin.vj txplo'.ives, .alloy.,, pharma- 
eeuli('al suhstaiiees ; hioloj’isls discovered adililional food- 
resoun es for the Red Army and the popiilal ion ; ainl inanv 
fhoiisuiids of lives of our Red .\rniy men so preiious to us 
have heen j)reserve<l, thanks to the new methods of war 
medicine worked out hy our scientists. We feel ]>roinl of 
die idea that our work iias heen Itehiful in to the army and 
die navy, which have .ijiven so .v,m)oi 1 an account of the 
enemy. 

^ritis short account will probably convey U) the 
mi lid of tlic reader some idea of tlic organization, ami 
die working of the T.S.S.R. Academy of Sciences. 
As a .society of learned men devoted lo the pursuit 
of .science it had a Ioiir and .i>lorions record in the 
•niiials of world science ; and whilst still retainiii.v; all 
the characteristics of a learned society, it has been 
viitrnsted with a very imporlaiil role in national 
defence and economy, and have been Riven amiile 


powers, and Ihiance to carry out its new res]M)iisibili- 
lie>. In Ihe new Russia, the senior men of science 
have thus been admitted into the inner C<»uncil 
chamber for the purpose of sliapiive and diiecliiiR 
national policy, and arc not kept in the out house, 
as in this country, like tlie poor relations of rich men 
by pediticians and civil servants even in matters where 
know leil.iie of science is essential. 

API KNDIX I 

SciKNfiPic Rkskxkch i.N Rrssi\ orTsiDK riiK 
Ac A I )K MV 

In addition to the work done in the Inslitiiles 
iiiider the Aciidemy, T. S. S. R. has the follow iiiR 
re.sea rcli oiRaiiizat ions . 

Rcsviircli I nstit lilt's undn ’.v Ctuiiniissuiials. 

(Research Institutes arc attached to the various 
/ i'oplt *s ( tfinniissaf itils (('lovenmient Departments or 
Ministries), both lo the All-i'nion Commissariats 
(such as those of b*orci.Rn Trade, Railways, the Oil 
Itidiislry, etc., which arc ilirectly responsible to the 
Central ( lovenmienl), and to tlic rnion Rcpuhlictin 
Commissariats (such as those of the b'ood Industry, 
Textile Iiulnstry, Public Health, etc., which exist in 
each of the lO Republics of the rnion, the ih Com- 
missariats covcriiiR a .civcii subject, beiiiR themselves 
co-ordinated by a correspondiiiR liody in Moscow ). 

In accordance with the distribiilioii of Com- 
missariats provided for in the Constitnlion of tlie 
r.S.i^.R. the scieiitilic researcli institutes under the 
various rco[^it'\s ('omniisstuitils are also divided into 
A', 1-1 hiion- Republican institutions. 

Amon.e the All-rnioii Commisstirials whicli 
lia\‘e research institutes inuler them are the Com- 
missariats of Porei.Rii Trade, Railways, Post, Tele- 
.eraph and Telephones, .Maritime Fleet, River Fleet ; 
Iiidnstries of Coal-MiiiiiiR, Oil, Kleclric Power Sla- 
lioii>, Fleclrical luiRineeiiiiR, Iron and vSleel, Non- 
Ferrons ^^elals, Cliemical, Aircraft, ShipIniildiiiR, 
M nniiioiis, Armaments, Heavy Machinc-HiiildinR , 
Medium Machine-Ihiildin.c, (iciieral Machinc-Huild- 
in.R, Navy, ARiicultural Slocks, Civil hji.RiiiccrinR. 

AmoiiR the rnion-Rcpublicaii People’s C(mi- 
missarials which have researcli institutes under them 
are the People’s Commissariats of h'ood, FishiiiR, 
Meal and Dairy Products, IarIU Machineries, I'e.x- 
tiles, Timber, ARriciilliire, Slate (iiain and Livc- 
sloek Farms, Finance, Trade, Inlenial Affairs, 
Justice, Public Health, Ihiildiii.e Materials, ICdiication, 
bocal Industry, Municipal Jwoiioniy, vSocial Main- 
tenance, Motor Transport, ForciRii AlTairs and 
Defence. 

I he Rt'searcit lusiitulcs uiidcr (' iiivcysitics . — 
The Research institutes, which form component 
parts of uuhcrsiliL's in the V.S.S.R., carry out ex- 
tremely diverse scientific work both in the iiiii\’crsity 
institutes and laboratories and in the .special dejiarl- 
ments and scientific circles, libniries and societies in 
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which ihc sUidciil body iiJid ihc rnivcisily tcachin.v* 
^talT^ aiv unil».‘d and which arc characteristic of rc- 
.L^ular educational institutions and also of corrcsiMUi- 
delicc courses. 

W'hcrcas in lui; Russia had only gi universities 
and colic- cs and :jSo research institutes, etuidoyini;' 
.j,.?/lo scientists, in lliv V.vS.vS.R. had 700 univer- 

sities and colleges ; and goS research institutes staffed 
with scientist"'. 

In the universities and colleges of the I'.v^.S.R. 
‘'cieiice is ori»ani/.e<l on the princiide of the direct 
and lively particiiuition of the professorial stall and 
of the rciiiilar and i)ost-Rraduale students in the in- 
vesti.catioii of the vital jn^obleins of science and eii.ei- 
ueerin.e. 

More than Stu) subjects are beiiiLi invesli.uated in 
the institutes and laborat(U‘ies by the staff lueinbers 
«)f the Moscoa' r niversity, for instance. Since the 
war the rniversity has solved many pnddeius of vital 
military and economic imj)ortaiice. 

I'lii' hisliliiic of Miiilionnfii's of the Moscow 
rniversity is continuini’- to work on the (ptalitative. 
iheory of differential e(|uations, topoloi-y, the theory 
of in'obability and others. 

The results of the work done by the lustiiutc of 
Mechanics of the Moscow University on the elastic- 
plastic deformation r)f metal are bc'in.L* widely applied 
in the <lesi.enin.c bureaux of industrial research in- 
stitutes. 

Re.uislerinK devices called “time ma^.»nifiers“ and 
“radium clocks” have been invented in the astrono- 
mical instruments laboratory or.eani/.ed in the 
lustiiutc of Astionomy of the Moscow University 
since the war. 

Associates of the Jusliiuic of L hcuiistry of the 
M»)SCow Slate University have devised a method of 
j’.roducin.e frost resisting caoutchouc. This method 
will be widely used in practice. 

'I'he department of the dynamics of the develop- 
ment of organisms in the Institute of /.oolof^y of the 
Moscow University is doiui; interesting; work on 
animal fccuiidit>'. 

The fruitful work of the Moscow University has 
received hiv»h reco.enitioii from the Soviet flovernnient 
in 104.S ; eleven professors were awarded J^taliii 
]>ri/es for their work. 

In i()44, the university arran.eed If) publish several 
v«»lumes of scientific notes ()n “The Role of Russian 
Science and Culture in world Science and Culture”. 
'I'he most prominent scienti.sts in all the faculties of 
the University are contributing* to this .series. The 
publication will rellect the devcloimient of Russian 
science and culture in the years of peaceful construc- 
tion and in tlie war of the Soviet Union against 
Nazism. 

The role of the Russian nation in the develop- 
ment of world science ;.nd, ciiliure was discussed at 
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a lug conference organized by the University in June, 

1044. 

Since the war the humanitarian facultie.s of 
several institutes — philological, philosophical, law 
and economic were merged with the University. 

The inffow r)f students in 10)43 was so great that 
the University could not admit all the apidicants. 
'I'he 1,700 wlu> were acceiited were those who had 
the best results in the entrance examinations. The 
faculty of international relations for instance, had 
only 200 vacancies, while more than 2,000 aiiplicatimis 
were submitted. 

I'he great interest w hich vSoviet youth is showing 
in history, (Milture and art, and, in particular, in 
the culture of tile Western and Southern Slavs, 
has made it necessary to extend the programmes 
of study. Courses in Slav hhilolo^ry are now 
being offered by two departments instead of one : 
the department of Slav literature and Slav 
philolog\'. An eastern department has been opened 
with courses in Iranian and Turki philology. The 
historical laenliy has enlarged its course in the 
history of the U. vS. A. and hjigland. A scientific 
sei'tion has been organized in this faculty to .study 
unpublished archives. At its meetings the section 
hears reports on the history of the political and cul- 
tural relations between Russia, the U. S. A., and 
(beat Hritain. 

The students of the physics faculty are beconi- 
ing acfiuainted with the latest achievements of Soviet 
vSeience in two iiew' departments of the Moscow 
University — under Academician W Kai»it/a, who give"* 
a course in the idiysics of low temperatures, ami 
under Profes.sor V. Shuleikin, corre.sponding mem 
ber of the Academy of vScieiices of the U. vS. vS. R., 
who is giving a course in the i)hysics of the liiiuid 

envelope of the earth. 

\ 

'Phe hero-city of Leningrad is proud of it' 
univci::>ty. The scientific personnel of the Lcnin,i:utd 
university, which has been decorated w ith an order by 
the government, has displayed an exceptionall)' high 
patriotic spirit and creative initiative. Neither 
hunger, nor cold, nor furious air raids, nor artillery 
bombardment could break the will and the spirit of 
this heroic b«)dy of people. Kveii in the most trying 
months of the siege the scientific workers of the 
University continued their educational and practical 
scientific work. It suffices to note that until the 
middle of 1042, that is, until their evacuation to 
Saratov, the associates of the University .solved more 
than 70 vital practical scientific iwoblems. Many of 
them are of vital imiMirtance to defence, as, for in- 
stance, Profe.ssor Ambartsuniian’s work on photo- 
metry, Academician Fock’s work on iinproviiig firing 
accuracy and the work of the bio-cheinical dci)artn]ent 
on combating gas gangrene, in w'ounds. 
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Research ivork under Scientific Societies . — 
Research work (likewise the mass propaganda of 
science among the citizens of the U. S. S. R.) is also 
carried on in the scientific societies of the U.8.S.R. 
in their scientific instilules and sections. Thus, for 
iiivStance, the Moscow Society of Naturalists, founded 
ill i‘So5, had the following scientific sections in 
1040: zoology, botany, geology, hydrohioclieinistry, 
geography, biojdiysics, paleontology, histology and 
experimental morphology, and conducted as it still 
does to-day in war time, consideralile research wruk 
and popularizing work. 

Medical Research in the T.S.S.R. has not been 
dealt with under the above headings, and will be 
treated separately. 

AbPKNDTX ir 

Rtn.KS Ml' bl.l'X'TloN op MKMHKkS, lIONt)R.\KV 
MK:Mni-,KS \N1) CORRKSl'ONDINO ;MKMnKRS 

Whenever there is a x’acancy in the list of 
members of the Academy a notification to that elTect 
i', published in the official government newspaper, 
the ‘‘Izvestia”. 

In the course of two months from the date of 
publication, scientific inslitntioiis, ])ublic organiza- 
tions and individual scientists or groups of scientists 
may submit to the Academy of vScienccs in writing 
(and accomiKUiied by an exposition of their reasons 
for doing so) the names of candidates for membership 
from among outstanding scientists specializing in the 
indicated subject, 'rite names submitted to the 
Academy of Sciences are made public through the 
l»ress. 

The list of candidates and the testimonials sub- 
mitted by institutions, organizations and j.-iivate in- 
dividuals are read out at a meeting of the particular 
department of the Academ> that is concerned, after 
which the meeting proceeds to elect candidates by 
secret ballot. Hot less than two-thirds of the voles 
l>eing required. At the next meeting of the ('.encral 
Assembly of the Academy the names of the candi- 
dates clioseii by the department are announced and 
the Assembly proceeds to elect members of the 
Academy from among this list by secret ballot, a 
'simple majority of votes being sufi'icieiit for election. 

The candidates for honorary membership are 
nominated by the dci*artments of the Academy. The 
lections are held by the General Assembl\' of the 
Academy b\' ballot, a majority of at least two-thirds 
being recjuired. 

CORRRSPONDJNG MEMBERS 

Outstanding scientists in various fields of know- 
ledge may be elected corresponding members. 
o 


r)3 

Corresponding members who are doing permanent 
work in the Academy are included on its staff. 

Notification of vacancies is ])ublislicd two. months 
before the dale .set for the election of corresponding 
members. 2\11 scientific institutions, i)ublic organiza- 
tions and private individuals have the right to submit 
their nominations to the Academy of Sciences 
(backed up by written reasons). 'I'lie nominations are 
considered and the election of candidates is held in 
the particular departments concerned, a majority 
vote being necessary for electi<m. 'I'lie corrcsjKinding 
members elected by the departments are confirmed 
by the (‘.eiieral Assembly of the Academy of Sciences 
by a simple maj«»rity \ote. 

No less than of all the members of the 
Academy of .‘Sciences must bt; present at the election 
of members and honorary members and the confir- 
mation of corresponding members of the Academy of 
Sciences »)f the 1’. S. S. R. 

STRIXTURIC nl< THE AcADKMV ( )!• vSciKNCKS 

'rile stniclurc of the Academy of Sciences of 
the r.S.S.R. may be presented as h)llows:-- 

I. 'rile General Assembly of the Academy of 
Sciences of tlie I'.S.I^.R. 

.!. 'rile Priisidium of the Academy of vSeiences 
of the I'.vS.S.R. 

'rile Divisions of the Academ\’ of Sciences 
of the r.S.S.R. 

j. 'I'he Institutes of the Academy of St'iences 
of the r.S.vS.R. 

5. 'rile braiu-hes and bases of the Academy r)f 

vScieiices of the T.S.vS.R. 

(tcncral .Isscnihly ol the Academy of Scicaccs 
of the r.S.S.R. The hi.ghest ruling body of the 
Academy of vScieiiccs is the (icncral Assc mbly , which 
consists of all the members and Imnorary members 
of the Academy of Sciences. 

(a) 'Pile General Assembly determines the 
general line of scientific work to be done by the 
Academy and its conii)onent parts and settles the 
principal organizational problems. It hears the re- 
ports of the branches ainl the institutions of the 
.\cadeniy and of its individual members, discusses 
pioldems of a scientific, tcclinical and scientific- 
social nature, elects honorary members, regular 
members, the Council of the Academy, and con- 
firms the corresponding members of the Academy. 

'file various departments hear .scientific reports 
and suggestions and exercise control over the 
scientific activities of the institutes under them. The 
wtnk of each deiiartment is directed by a bureau 
headed by the Academician-Secretary of the depart- 
ment. The departmental bureaux call meetings of 
their departments whenever these are considere<l 
necessarv. 
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The iiieetiii#4S of the ('.eiieral Assembly and the 
(leparlineiits are held in the form of sessions. Meet- 
ings of the Ctciicral Assembly and tlie various 
departments are called whenever it is necessary to 
discuss current scientific and organizational (|ues- 
tions. 

livery \eai the (.'leiieral Assembly of the Academy 
of Sciences lu-ars and confirms the annual re])ort of 
the Priisidiuin of the Academy. 

'rile right to vote is accorded : 

(/; in the general assembly : to the honorary 
members and regular members of the 
Academy of vScicnces ; 

(//I in the departments: to honorary members, 
regular members of the Academy of 
Sciences and the corresponding members 
of the given dei^artment, also the directors 
of the various institutes of the Academy of 
vSeience^ when the (piestion under dis- 
cussion concerns the work of the iustitu- 
ti<m under their charge. Only honorary 
and regular members of the Academy may 
vote ill the election of new members to the 
Academ>’ of Sciences. 

At meetings of the departments and the Oeiieral 
Assembl\‘ the corresponding members and heads of 
various institutions of the Academy have a consul- 
tati\e vote uii all (luestions. 

At the meetings of the Academy of Sciences all 
fiuestions exceiit those concerning the election of re- 
gular members, honorary members and corresj-ionding 
members are decided by a simple majority vote. 

(/)) The (leiieral Assembly of the Academy of 
vSciences of the U. S. S. R. has the following in- 
stitutions under it : 

(/) The Council for llie Sluily of Productive 
h or CCS, 

(•//) Tin luiiiorial and Puhlisliin^^ Council. 

(Hi) The Publishinfr House of the Academy of 
Sciences, which tuihlishes books, journals 
and other materials dealing with the activi- 
ties of the Academy. 

The Council for the Study of Productive Forces 
organizes the study of the natural resources and pro- 
ductive forces of the country. This Council organizes 
expeditions to study the natural resources and pni- 
ductive forces of the various republics, territories, 
and regions and directs these expeditions with the 
institutes, hranches and bases of the Academv and 
other research organizations serving as bases. The 
Council ealls conferences for investigating the natural 
resources of the country, gcncializes the investiga- 
trons of the productive forces of the country and 
promotes the practical utilization of their results. 

The chairman and the members of the Council 
for the study of the Productive Forces are elected by 


the General Assembly of the Academy of Sciences 
for a term of three years. 

The Prdsidium of the Academy of Sciences of the 
r.S.S.R. The Prdsidium (or what we call the Council) 
carries out the tlecisions of the General Assembly and 
in the intervals between the meetings of the General 
Assembly is the highest executive body of the 
Academy of vSciences. The Prasidium reports on the 
important decisions it has adopted at the next meet- 
ing of the (iCiieral Assembly. 

The Priisidiiiin considers aiul endorses the plans 
of work of the various institutions of the Academy 
of Sciences and hears their reports, considers and 
decides scientific organizational (iiicstions, draws up 
the aimiial budget estimate of the Academy of 
vSciences, administers tlic* Academy’s credits, controls 
the expenditure of funds, maintains connections 
hutween the Academy of Sciences and all govern- 
ment and public institutions, directs the i)uhlisliiiig 
activities of the Academy and convenes sessions ami 
meetings of llie fieiicral Assembly of the Academy 
of vSciences. 

Tile Priisidium of the Academy of vSciences con- 
.sists of a president, three vice-presidents, eight 
Academician-vSecretaries of depaTlments and five 
Academician-members. 

The President of the Academy of Sciences and 
alst) the first, second and third vice-Presideiils an- 
elected l>y the General Assembly for a term of five 
years from among the members of iliu Acjideniy of 
vSciences. 

The Academician-Secretaries f)f the departments 
of the Academy of vSciences are elected by the depart 
meiits conciTiied from among tlie iiienibers of tlu: 
Academy of vSciences for a term of three years and 
arc coiifinned l)y the General Assembly. 

The Academician-memlKTS of the Pra.sidiuni aiv 
entrusted by the Prasidium of the Academy with the 
direction of definite sectors of work and are elected 
for a term of three years. 

The business manager of the Academy of vSciciice^ 
is appointed by the Prasidium of the Academy and 
takes jKirt in the meetings of the Pnisidiiim where 
he has the right of a consultative vote. 

The Priisidium of the Academy of vSciences 
appoints an administrative secretary. The secretary 
of the Priisidium takes ])art in the meetings of the 
Prasidium and has the right of a consultative vole. 

In an article appearing elsewhere in this issue, 
the various Divisions of the Academy and the 
vSeientific Institutes under them have been discussed 
ill detail. 

The branches and bases of the Academy of 
Sciences are also entrusted with important work ; 
we shall not, however, make any attempt to discuss 
these organizations. 
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INSTITUTIONS UNDER THE U. S. S. R. ACADEMY OF SCIENCES 


ri^HE institutions'*' of the Acaileniy of Sciences are 

the most important researcli (jrftaiiizations 
responsible for much of the scientific work, both 
fundamental and apjdied, carried out in the whole 
of the U.S.vS.R. The main task of these institutions, 
as defined in the vStatntes of the Academy of 
Sciences, consists : 

“ill the extensive ileveloliiiuiit n| S«)vict siuikh* he 
different fields of knowlctlm*, in the sUuly ainl exten-s 
uliliznlion of the aeliieveinonts of advaiueil seieiil fie 
thought with the aim of dovelopinc; the productive for 
of the U. S. vS. R., rai'^ing the cultural level of the work 
lieople and ciuiipleling the building of a classless soeiet\ 

The supreme role assigned to tliese institutions 
in the coiuluct and direction of scientific research in 
the whole of the Union, with special reference to the 
all-round development of the country’s resources and 
ihe material well-being nf the pcopilc, is made abun- 
dantly clear from this lirief statement of functions. 
We shall first give an account of the various iiislitu- 
lioTis and then discuss the ways in which these fuiic- 
lioiis are fulfilled, the slructiire and administration 
of the institutes, financial aspects and other allied 
topics. 

vSomc nf ihe institutes can lie traced from older 
lieginnings ; but most have come iiiUi existence 
since the Kevolution. Whenever any problem of 
national importance arises, first a committee is 
formed consisting of l)est availal)ie authorities on 
the subject ; next stage is a laboratory which may 
be in an independent building or may be located, 
as a temporary measure, in an already existing 
insiiliite. The final stage is an institute with a full 
director who is solely resfujiisiblc for the institute’s 
work. 

The '‘Commissions” are bodies with wider 

l>i)wers, and with wider geographical range. They 

are entrusted also with survey and field work. 

The Academy of Sciences is divided into eight 
Divisions. These Divisions concern the following 
branches of science and knowledge : 

( 1) Physico-Mathematical Sciences, 

(2) Chemical, Sciences, 

(3) Ocologo-Gcographical Sciences, 

(4) Biological Sciences, 

(5) Technical Sciences, 

(6) History and Philosophy, 

(7) Economics and Law, 

(S) Literature and Philology. 

Each Division has a Bureau of its own ; its per- 
sonnel consists of Academicians and corresponding 
uieinbcrs, with an Academician secretary as the 

• Based on a memorandiiiii prepared by the Soviety for 
t-uUural Relations with the WS.S.U. 


executive head. 'Die secretary is ex-officio a mem- 
ber of the Supreme Priisidium of the TJ.vS.vS.K. 

Acadkmv and Rkskakcii INSTITL’ITOXS 

The research iu^titulioiis, of which a detailed 
description will appear in what follows, comprise 
scientific institutes, laborat«>ries, cmniiiissioiis, researcli 
stations, societies, etc. If it is not otherwise men- 
tioned, the seat ol the laboratory is at Moscow. The 
name of the Director is given opposite eacli institute. 

Phvsico-Mathkmaticm, Sciknchs 

The Pii'isioii of Physico-Matlu'nuiticiil Sciences 
(Secretary : JolTe) includes the following institutions : 

'rile P. N Luheth^x Physical Institute, 
(\"avilov) ; reorgaiii/ed in 193.1 
older institute c)f long standing. 

'rile Physico-'i'cchnical Institute at Leningrad, 
(JolTe) ; founded in 1918. 

'rile Institute of Pliysical Problems, (Kapit/a) ; 
founded in 1034. 

'riie y. A. vStekloN rnstiliite of .Malliemalics, 
(X'inogradov) ; reorgani/ed in 1934 
an ohlur institute (19.11). 

'rile Seisinological Institute and its stations, 
(Honlskovsky) ; founded in i(.)2«S. 

.Astrophysical Commission, (Ambar/.uiniaii) ; 
founded in mM3. 

'I'he Astronomical (.)bservatory at Piilkova, 
(Xeiijmin) ; dating from iS3(). 

'riic Institute of Crystallography, (Shiibnikov) ; 
reorganized in 1944 from laljoratory stage 
ill K)37- 

Coiiiinission f)n Spectroscopy, (Laiidsberg) ; 
founded in 1940. 

The Committee on Meteorites, (Kesenkov) ; 
founded in 1921. 

The Astronomical Council, (Alichailov) ; 
founded in 1937. 

'file Council of Radio-physics and Radio- 
engineering, (Papalexi) ; founded in 193S. 

The Commission on Acoustics, (Andreev) ; 
founded in 193b. 

The Commission on Cosmic Rays, (Alikhanov) ; 
founded in 1944. 

Institute of Geodetical Astronomy at Lenin- 
grad, (vSiibbotin) ; founded in 1920, re- 
organized in 19.39. 
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Instiliite of Theoretical Geophysics, (Schmidt) ; 
founded in iQ.v- 

1 1 ydrophysical Laboratory, (Shulcikin) ; 

founded in 1042 from older origin in 1929. 

Hefore loiS ihere were only tliree research insti- 
tiUeN in physics under Ihe Academy viz., the Institute 
of Physics and biophysics under Lazarev, the Physico- 
lechnical and Konlgetiological Institute at Leningrad 
under Joffe, and the Optical Institute at I/cningrad 
under Kozdestveiisky. But these were interested more 
or less in inire research and avoided undertaking re- 
search in the application of the results of fundamental 
investigations to medicine, industry and to the solution 
of technical ]»roblems. In contrast to pre-revolu- 
1 ionary laboralories, each of these institutions has 
nr)w combined pure with applied research. Thus, 
idiysics is combined with research in technical prob- 
lems in the first institute, physics with medicine in 
the second, and with optics and the iiroduction of 
optical glas'^ in the third institute. 

'file process of merging ]diysics with technical 
l»roblenis made still further progress during the third 
Kive-Vear Plan. The Optical Institute became the 
leading institute of the optical industry and now em- 
l-doys nearlt' 50 jo operatives and manufactures most 
of the optical instruments needed for Russia. The 
Physico-Technical Institute (JolTe) is closely asso- 
ciated with the i>roduction of solid rectiliers. The 
Institute of Physics of the Academy of Sciences 
introduced the spectral analysis of metals in factories 
(Mandelstam), 'fhe Institute of Physical Problems 
(Kapitza) and in some measure also the Ukrainian 
Physico-'rechnical Institute bL-came the centres for 
the Iiroduction of liijuid oxygen and low' temi)eratures. 

The Physico-'Peclmical Institute, during the first 
h'ive-Vear Plan from rendered a very 

important seiwice in uniting local scientitic cadres and 
in founding physict^-technical institutes in Tomsk, 
Kharkov, I)niepni]>etrosk and Sverdlovsk (Urals), 
'file rnstitute of Pdiysics, originally in Lcningr.ad, 
which in the jiast produced such eminent men as 
Leiiz, discoverer of the law of h'lectro-magnetic 
Induction, Jacobi, Prince Gallitzin, the seismologist 
and others, was transferred to Moscow', wdiere it 
merged with the ^loscow’ school of iihysicists led by 
L. I. Mandelstam. It was named after Lebedev, 
«>nce its director who w’as the first to measure pressure 
of light, 'i'his Institute has now’ become one of the 
leading physical in.stitutes in the U.S.S.R. The 
l.'kranian Academy of Sciences has set up an 
Institute i)f Physics in Kiev, which has developed 
apace in recent > ears. 

The Institute of Physical Problems, created by 
the Academy of vSeiences for P. L. Kapitza, deserves 
more than a jiassing notice. Under the capable 


direction of this distinguished Soviet physicist who 
spent a number of years as director of the Mond Low' 
Temperature Research Laboratory at Cambridge, it 
has developed into an outstanding institute, where 
]»rohlciiis of licpicfaction and i)roduction of low’ tem- 
perature are studied with remarkable thoroughness. 
vSoiiie of the recent investigations carried out here 
include the discovery of the phenomenon of super- 
fluidity and the development of new types of 
maeliines for the liciuefaction of oxygen and helium. 

The most fundamental problems of modern 
experimenl.'d and theoretical physics now form 
important part of the programme of research followed 
in Ihc physical institutes. Atomic nucleus and 
cosmic ray laboratorius w’ere opened in the ]fliysit\s 
and Radium Institutes (under the Division of 
Chemical {sciences) of the Academy. For jnirposes 
of such investigations, thcvse laboratories have under- 
taken the construction of high voltage generators and 
cyclotrons. 

Tlie post revolutionary period tluis w'itiiesseil a 
phenomenal development of physical sciences as well 
as of every other science in the lL{s.vS.R. 

CUKMK'M. SCIiCNCES 

The JUvisio)! of Chemical Scicuccs (vSecietavy, 
A. X. Bach) is responsible for all chemical investi- 
gations with which the Academy is credited ainl 
includes the following institutes : 

The fiistitute of Organic Chemistry, (\e^- 
meyanov) ; founded in 193/]. 

The Knrnakov Institute of General Inor 
gallic ClKiuistry, (Cherniyaev) ; exist in 
since 1748, reorganized in loio and in 

'Pile Institute of Colloid Flectro-eheniisli \ . 
(Fnimkiu) ; founded in 1930. 

The Institute of Hydro-chemistry, ( Kashin - 
sky) ; founded in 1914. 

'Phe Vernadsky Laboratory of Geo-ehemical 
Problems, (Vinogradov) ; from laboratory 
stage in 1020 to institute stage in 194.^ 

The Radium Institute at Leningrad, (Khlopin) ; 
founded in tq22. 

The Institute of Chemical Physics, (vScinenev) ; 
from the laboratory stage in 1921 to insti- 
tute stage in 1031, now transferred to 
Moscow' . 

The Commission of Analytical Chemistry, 
(Vinogradov) ; founded in 1940. 

The Commission on Isotopes, (Khlopin) ; 
founded in 1939. 

The Commission of Mineral Waters. 
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The n. T. Mciulclcev Chcnhcal Society of the 
U.S.S.R. (formerly called the Russian 
Chemical vSociety) ; founded in iSt)S. 

The foundation of modern ('liemical researches 
ill the Soviet I'liion was laid in the nineteenth century 
hy the ^^reat trio of Russian chemists — Zinin. Butle- 
rov and Mendeleev, whose names are remembered 
with .eTeat veneration and pride by all students <)f 
chemistry in Russia. N. N. Zinin (iSi :j-iS.So) was 
a chemist and teacher at tlie Kazan riiiversity, and 
in his youn.eer days worked at Liebig’s baborat<»ry. 
He ]»n)duced aniline from nitrobenzene, a transfor- 
mation of uni(iue importance, which not only earned 
him a permanent place in world science, but rtshered 
in a new era in synthetic dyestulT industry. Butle- 
rov was the celebrated pupil of Zinin and made his 
mark by orii^iiially develoi)in>^ the idea of chemical 
constitution and the strtictnre tlieory. Durinj^ his 
time St. 1 etersbuiL* (rniversity' , where he tau.i>ht 
and worked hummed with his disciples workint* on 
various ])roblenis and led Russia in the held of 
chemical research, as did Kazan at the time of Zinin. 
As for Mendeleev, he will leave in the memory of 
mankind as long as science lasts. 

'I'lie Revolution has given a new direction to 
chemical research in the T.S.S.R. Previously 
scientific work used to be conducted in small labo- 
rat(»ries of the universities in few large cities. Many 
of these laboratories have now developed into big 
research institutes and have formed part of the 
organization of the U.S.S.R. Academy of Sciences. 

The Institutes <if Organic and of Cieiieral and 
Inorganic Chemistry have developed from the small 
laboratories of Favorsky and Zelinsky and of Kur- 
nakov and Chugayev respectively. The N. N. 
Senienev In.stitute of Chemical Physics, now' a 
sejiarate institute under the Division of Chemical 
Science, was formerly a part of the Idiysico-technical 
Institute at Peningrad. The Radium Institute has 
now assumed the role (jf a central institute for the 
conduct of all researches pertaining to radio-activity. 
'Pile Bio-geo-chemical Laboratory, formerly under the 
direction of Academician \'. I. Wanadsky, concen- 
trates on the study of bio-chemical life of the earth’s 
crust. 

Mendeleev Chemical Society, organized in i86S 
by the then foreino.st chemi.sts of Russia, is now one 
of the leading learned societies in U.S.S.R. Acade- 
mician A. N. Bach, well-known for his work on 
synthetic rubber, is the present inesident of the 
Society. The Society had its i)residents always 
elected from among the most distinguished chemists 
•'md had Zinin and Mendeleev as its past presidents. 
Pile Society preserves, studies and furthers the rich 
heritage left by Mendeleev and other chemists, 
popularizes the achievements of chemistry and in- 
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tnxluces them in the nati<mal economy of the 
U.S.vS.R. Kveii during the war, the work of ihe 
Society has continued unabated ; it has heard at il*^ 
meetings about 8oo i)ai)ers and has given some 
j,ooo ^ciellti^lc and technical consultations. 

Ureat as these chemical institutions are, greatcr 
still have been the achievements of Soviet chemists 
during the past few decades. Physico-chemical 
researches, that is work on border-line lU'oblenis 
between jilivsics and chemistry, have made consider- 
able headway, thanks to the schools of Senienev and 
Krumkin, Tereiiin and Kondratiev, Roginsky and 
Syrkin. In his report bef«»re .:jf)th Anniversary 
meeting of the Academy of Sciences, Academician 
X. 1). Zelinsky gave an inteiesting account of the 
recent advances in organic chemistry in Russia. 
Dr Zelinsky has himself built up an e.xteiisivc school 
of research workers in chemistry at the Moscow 
University and has further organized the Laboratory 
of Super-High Pressures where interchanges of 
organic compounds are studied under pre.ssiire with- 
out the influence of a catalyst. vSoiiie of the famous 
organic chemists he referred to incluile J. K. 
Fritzche (indigo derivatives), F. F. Beilstein (chemi- 
cal nature of hydro-carbons in the Caucasian 
petroleum and the author of now well-known re- 
ference books on organic chemistry;, M. A. lljinsky 
(an authority in the chemistry of anthra<iuinone), 
S. V. Lebedev (well-known worker on synthetic 
rubber), A. F. Arbusov (organic compounds of 
phosphorus), A. b'. Poray-Koshitz (aniline dyestiift), 
\ \ M. Rtxlioiiov (chemistry of the acomatic series), 
aiul others. 

The vSoviet chemists have not exhausted them- 
selves within the four walls of the laborahiry ; they 
have been instrumental in organizing a number of 
heavy and light chemical industries such as did n«>t 
exist during the 'Psarist regime. The optical glass 
industry (('irehenshhikf)v) , the synthetic rubber in- 
dustry (Lebedev, luivorsky , the plastics products 
industry (I/shakov), fertilizer industry (Britzkel 
W'olkovich), the aniline dyes industry (Poray- 
Koshitz', pliarniaceutical, sulphuric acid, alumiiiium 
and magnesium, rare elements, radio-active elements 
(Klilo|)in), and ])ure reagents industries are some of 
the newly created chemical industries in U.S.S.R. 

(IKOI.OOICWI, iS: UfiaX'.KAI’IIICAJ, vSCIIvNCKS 

The Division of (icoloiyiral and ('nOfriaphical 
Sciiticcs (Secretary: Dbiuchev) includes: 

Institute of f'leological vSeieiiccs, (A. IL Fers- 
man, former director and well-known for 
his work on the survey of mineral re- 
sources of U.S.vS.R., is just dead and has 
been succeeded by I). vS. Beliankini. 
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Tlif Kiiri'iiisky (k'nlonical Museum, (Kri/.a- 
novsky) ; veorganiml in 1037 from very 
old bef-inniiiKS. 

Institute of Theoretieal (leo^ltysies, (.Schmidt) ; 
transferred to the IMiysieo-Afathematical 

Tlic C)l)nidiLV Institute of Klerual Frost. 
{\\ A. Ohntcliev) ; reori*aTii/ccl in 193b 
and in lo^O- 

Iii'^tilnlu nf (ic*«).m-ni)hy, ((oi.^orev) ; founded 
in igiS, reori»anized in 1031. 

The Dnkuehayev Institute of vSoil Sdenee, 
(nokuchayev) ; founded in 10^5. 

kalxiiatory for Ilydrotieolotiical Prohleiiis, 
(Sa\arensky) ; fotinded in n)/\^. 

The ()ceanoh».^ieal kahoratory, (Sliirshov) ; 
f minded in Hj/ji. 

'Pile \’oleaiH)loi;ieal Station in Kainehkatka, 
(Zavaritsky) ; founded in iQ/[/\. 

The Lake Lal)oratory at Lenin.t;rad with Station 
at l ake Haikai, (Xalivkin) ; fotinded in 

Coniinission on Aero[»hotoiiiai)hie Surveyini;, 
(Stelanov) ; reort*ani/ed in 1944 from an 
old hei^inniiiK. 

Tile t teeano^raphie Coniniission at fyenini^rad, 
(KTiinarov) ; founded in 

The Faeilic Ocean Connnissioii. 

'Pile yuaternarv Period Coininission, 

'Pile develoinnent of the .i.ieoloi»ieal and 
:^ra|>hieal ‘>’ciences in Ku'^'^ia, like many other pro- 
gressive work, owes its inception to Peter 1 who was 
<leeply inteierted in the .i;eoloKy and Reoi»raj)hy of 
the vast exi'anse <jf the Russian territory. The first 
expedition to the Kainehkatka (t 7 -\SL tinder the 
command of the Panish Seaman Ikriim, discoverer 
of the straits separatini; Asia from N. America, was 
oreani/e<l at his instance to confirm the existence of 
a strait reported hy the Cossack Dcjner as far back 
as ig4S. Me reciuisitioiied the services of De ITsle, 
h'rench .eeo.erapher and astronomer, to carry out a 
carto.eraiihical survey of Russia, in which the j^reat 
mathematician h'tiler assisted. In 1739, a Division 
of ('.eo^raphy was added to the Academy of Sciences, 
which compiled and ])ublished the first scientific atlas 
of Russia. 

'Pile interest tlius stimulated by Peter I in ^eolo- 
i*ical and ]L»eo.e,raphical investi.L’ations was more or less 
uniforinly maintained. Particular mention may be 
made of the w’ork of ^lichael Lomonosov who was 
res[)onsible for orKanizin.i; the first polar ext»edilion to 
Spitzber^;en with the object of discovering a route to 
India through the Polar Dcean. His many works on 


geology, mineralogy, metallurgy etc., bear testimony 
to his advanced views in geology. During the iSth and 
the iQth centuries, several expeditions were organi/.ed 
by the Ai'ademy throughout the length and breadth 
of Russia, and these led to significant advances in 
the exidoration of the Caucasus, of the coasts of the 
Black and the Caspian seas, of the Altai and Near- 
Paikal regions, and of Northern and North-Rastern 
vSiberia. inclusive of the Kamchatka Peninsula. 
Among the geologi.sts who flourished towards the 
latter half of the igth century ai)])ear such names as 
Koksharov, famous for mineralogical and crystallcj- 
graidiical researches, Brandt and P'r. Schmidt, 
remarkable for their palaeontological studies, Kar- 
pinsky (i84P-i() 3D) noted for his first tectonic niaji 
of the Riiropean ])art of Russia and Vernadsky, the 
cel el ) ra t ed min era 1 og i s t . 

In fact, the work of A. K. Karpinsky marked 
the beginning of a new era in Russian gCf»logy. 
Besides com])iling the tectonic map, he carried on 
important wf)rk in palaeontology, stratigraphy, tec- 
tonics etc. and inxestigated the mineral resources fif 
the Urals. V'ernadsky si»eciali'/.ed in the slud\' of 
iadit>-active elements, minerah)gy and .geo-chemistry, 
and reorganized the Mineralogical Museum of the 
Academy of Seimices. 

The progress in geological and geographical 
.sciences has been the most spectacular in the period 
following the Rev^olution . In his report to the 
.>.>olh Anniveisary Meeting of the L.vS.v^.R. Academy 
of vScieiices, the Academician \'. A. Obruchev 
remarks that *thc achicvcmcuts made hy tlir .Icadciav 
oj Sciences in the domain of ideological and yio- 
graj'liical sciences :ei*hin the t:eenty-sei'en years lluil 
elapsed since the ihioher Revolution oiilbalance thosi' 
oj the nearly hieentenary period that preceded ///■ 
Revolution*. Several institutes, laboratoiies and 
coiiiniittees were foundeil, and large munbers *a 
geologists were tiained to staff these in.stitutioiis and 
take i>art in expeditions that were or.ganized in him 
dreds. The Division of (^icological and (leo.grai)hic.d 
Sciences was organized as a new <lei)artment in lu.vi. 

All geological investigations are now shared 
between the Committee for (IcTdogical Research 
under the Council of Peojile^s Coininis.sars and the 
Academy of Sciences. 'Phe former now concentrates 
its activities mainly on the survey of the country, 
whereas the Academy organizes expeditions to such 
regions where iirobleins of stratigraphy, tectonic^, 
petrograjihy, and mineral distribution could not be 
studied for lack of data. 'I'lie study of geoinorjdio- 
logy, deposits of minerals, pedological ])roblenis, 
excavation of fossil mammals etc. form part of the 
j)rogramme of the.se expeditions by the Academy. 

To carry out these investigations the Acadciny 
has established branch orgaiiizations and stations 111 
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such far-flunji parts of the country as the Kola 
Peninsula, in the Far Fast, and in the vSoviet vSocialist 
Kepuldics of Kazakhstan, ('feori;ia, Azerhaidjaii, 
Armenia, Turkmenistan, Vzheki^tan and Tadjikistan. 

( 'i e( )1 0.14 i cal e.xploralion in tlie Kola Peninsula has 
resulted in the discovery of a]»atite, nepheline, 
coi>i>er-nickel, titanium and iron ores, as also of some 
rare earths like iiiohium, tanlaliiin, etc. Academi- 
cian A. F. Fersinaii, late Director of the Instilule of 
(leolo.^ical Sciences, headed many of these e.xjdora- 
tions and (jr.eani/ed a new lari^e scale industry to e.\- 
ploil tlieS'j new deiK)sits of important minerals. 
Fersman led another important expedition to study 
the de])osits of .eraphite, asl^eslos and mica in the 
h'ast v'-'ayan. 

Tile Inslittites of (len.^iapliv- and Soil science 
Iiave carried out extensive work in .<.ieoinorpholo.ey, 
soil si ience, and hydroloj^y. Pv<)Cesses of saltinj; and 
s\\ ami iujj; iiiii^ated .m'ounds haw reeeived investi- 
;^ati<»n at tlie Institute for the Soil Science and some 
of the Central Asiatic hranches of the Academy, an<l 
in'eventixi’ measures have heen successfully worked 

Hit. 

*rhe \’olcanolo.s.’ical Station at Kamchkalka arose 
nut of an expedition organized hy the Ai-adeiiiv 
(huin.ii to study the activity of the volcanoes 

in the Kamchkatka Peninsula. hoew insin-Lessin.ii 
and later /avaritsky, the present Director of the 
Station, ori’ani'/ed these expeditions and collected 
iiiiich valuable volcaiiolo.eical data. The volcano 
.\\acha was per.sonally inveslitJated by /avaritskv. 

The bake babmatoiw at Leningrad and the 
Stati-.n at bake llaikal aie interested in problems 
conceinini; hydrolo.uy, chemistrv, thermic^', llora, 
fauna and ice-cover of these lakes. 'I'lie Station has 
oreaiil/ed explorations of I ake Paikal and its coasts 
and has collected abundant information of .ureal 
lluoietiial and practical imporlanc’e reuardinu die 
eeiKsis of the lake <lepi'essioii and its peculiar fauna, 
Mriitivraphy, tectonics and mineralouy of the region. 
Mention may abo be made of the extensive research 
in ucolo.uv, hvdro.m’olouv and permanent fiee/inu hi 
the region of the Amur River. 

Hn.urfic.M. Scik.ncks 

The l^ivision of liiolo^nical Srioicrs (vSecretarv : 
‘h belli) includes: 

The Komarov Potaiiical Jnslitute of beiiinurad, 
t Shishkin) ; tinally organized in ig.u from older 
nistitiitions ^^oin.^■ back to 171.V 

The Timirya/ev Institute of Plant Physiolo.e:y, 
lA. N. Pach) ; founded in 10 V1 b'om an older in- 
stitute dating from i8qo. 

The Bach Institute of Biochemistry, (Bach) ; 
ionnded in 1935. 


Inslilnle of Microbiology, (Isachenko) ; founded 
in 1035 from older institute dating from 

ln‘'titnte of (leiietics, (byseiiko) ; reorganized in 
1033 from an institute dating from io2T. 

Institute of b'orestry, (Sukachev) ; founded in 
1014. 

InMilute <»f Cytology, Histology, Finbryology, 
(/avarzin) ; reorganized in 103S, founded in igig. 

Institute of /oology at beiiingrad, (I{. X. Pav- 
Itivsky) ; rei>igani/ed in u.)3i fnjin the Zoological 
Museum dating from 1707. 

The v‘^‘el>ersht>v Institute of b'volutionary Mor- 
phology, (Smalgaiizeii) ; foiimb'd in lou^. 

l^deontoh\gical Institute, (X’ologdin) ; founded 
in 1030. 

4'he i ax'lov Ph> siologieal Institute at beiiingrad, 
(ttrb.ellit ; re«»rgauized in it)30 tvnin the «)liler labora- 
Inry of 1 avlov dating from i^So. 

Inslilnle of P]i>siology, (bina S. Stern) ; founded 
in lo.’o. 

.Moscow Holanical (hardens, ('rsil.sin). 

baluMaloiv ol Physiological CheinisUy, (V, ( ). 
barnas) ; founded in 104 >. 

babnratorv of Ilelmiiitholngy, (vSkryal>in) ; re- 
organized in 10-14. 

baboratorv of Pliysiologv of vSpeeches at beiiiii- 
gratl, (S. .M. Ia)brngaiiv) ; founded in 103S. 

balMMatorv of llvliiid Segregation at beiiingrad, 
(T>ili>in) ; loiinded in 1014. 

babonUoix of I^vohitioiiary Miero*organisins, 
(( lamaleyah) ; founded in 1040. 

baboraloi v j)f Photosyntliesis, (Richter) ; fonnd- 
Ltl in io3t). 

l aboratory <)t Capillary Mierosco]»y at beiiingrad, 
(Perlilev ) ; founded in it)p. 

Biological vSlation at Sevastopol, (Bodiaiisky) ; 
founded in 1S71. 

biological Statitm at Murmansk, (Zernov) ; 
fcjiinded in 1038. 

Biological vStation at Bomk, (named after 
.Morozov) ; foun(le;l in 11130. 

Commission on Parasitological Problems, 
(Siikhaehevi ; b)nnded in ig*13. 

Commission i)n the History of Biological 
Sciences ; founded in K).i.l. 

Commission on Filterable Viruses, ((bimaleyah) ; 
founded in 1040. 

Commission on Physiological ( )])Ucs ; (Orbelli) ; 
founded in ig/13. 

r. vS. S. R. vSociety of Physiologists, Biochemists 
and Pherniacologists, (President: L. A. Orbelli); 
founded in 191b, reorganized in 1939. 
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U. vS. vS. R. Society of nelininl]iolo.nisls, (Presi- 
cleiil : Skriahin) ; foinidcHi in 1922 ; reor.i>ain/ccl in 
ig.li. 

Tiu* Iriiloniolo;^ical Society, (President : 
Pavlovsky) ; founded in i^’oo. 

vSo\ iet Russia lias made .meal i»ro,mess in bioloi^i- 
cal sciences incliidiii.i’ plant .m*netics, a.L»n)iH)niy, 
animal Incedin.Li, etc. The above inii>osin.ti list of 
institnles under this Division is a pointer to tlie 
thoroii.uhnes^ with wliicli research in ]>iolo.i’ical 
sciences is now oruanized in V. vS. S. R. The investi- 
.uations of Trofnn Lysenko in the vernalization of 
seeds, of Mitclnirin, Derzharin, 'fsitsin and others 
in plant hybi idization, of Ivanov in livestock breed- 

ine well-known even outside Russia. As a re- 
sult of tliesc researches, excellent varieties of sprin.12 
and perennial wheat are bein.i; .urown in many parts 
of Russia, new sii.ear beet districts have been deve- 
loped on the Kuban, the Saratov re.iiioii and in the 
Altai territory, and lyiiyidian cotton is bein.u raised 
in Azerbaidjan (CancaMis), and Turkmenia (Central 
Asia). 

Pacilities for the study <.)f biolo.i>ical and botani- 
cal sciences under the Academy weie .j^reatly in- 
creased after ig2C), when the main Hotanical (lanlens 
in Lenin.erad, formerly under the Peoi»le*s Commis- 
sariat of A,<»ricullure of the R.S.P.S.R. (Russian 
Socialist Federated Soviet Reptiblics), were trans- 
ferred to the V. S. S. R. Academy of Sciences. 
I'hese .i-ardens were founded in 1714 by Peter I. The 
Academy had the Hotanical Alu.seiim which was 
uier.ued with the newly transferred Hotanical 
( lardeiis. 

From these two institutions lias emer.i»ed the 
famous Hotanical Institute of the Acatleiny, which, 
in 10 jo, was renamed the Komarov Hotanical 
Institute in honour of Vladimir Komarov, Ihcsideiit 
of the Academy. The Institute’s herbarium con- 
tained about 5 million specimens in io4;>. 'fhe 
library of the Institute, contaiiiin.‘» more than 145,000 
volumes which inchule the most imi»ortant literature 
on the subject of botany since the 15th century, is 
one of the best libraries in the world. 

Facilities for research are also available in the 
biological departments attached to the universities 
and the research establishments under the People’s 
Commissariats. Another feature of biolo.eical re- 
searches is the ornani/ation of .seats of le.search 
activities, both in theoretical and applieil biology, in 
imiiortant cities of the V. S. S. R., such as in 
Tomsk, Kazai , Alma-Ata, Odessa, Sevastopol, 
Michnrinask, etc., by individual leaders in the field 
of biology, most of whom happen to be ])upils or 
followers of I. P. Pa\ !ov A. A. Ckhtoinsky and 
others. Work in these city establishments, as in the 


universities and the Commissariats, forms part of the 
.general programine for rese^arch in biolo.gical sciences, 
determined by the su]»renie scientiiie body, the 
r. vS. S. R. Academy of Sciences. 


Tkcumc.Mv SciliNCK.S 

The Pivision of 'rcciniinil Scicners (Secretary : 
HardiiP includes: 

The Krzizianoxsky Instilnte of iMiergeties, 
(Krziziaiiox’sky) ; founded in ro.so. 

Institute of Combustible Materials, (Nametkiii) ; 
foiimled in 1044. 

Institute of Metalluig> , (Hartlin) ; founded in 

Institnli* of Mine h'li.gineerin.g, (Skochin^ky) ; 
founded in K)4S from the Committee sta.ge in 104.S. 

Institute of Machine Science, (Chiidakov) ; 
foimded in 104S from Committee stage in i‘)4h. 

Institute of Meelianies, ((»alerkini ; founded in 
i<i 4 ‘'^- 

Institute of Aiitomalics and 'releniechanies, 
(Kovalenkov) ; reorganized in 1040. 

vSection on Seieiititic Flaborati<)n of Ih'oblems ol 
Transports, (Obra/sln)Vj ; organized in ii)4S. 

vSection on Scientitic IHaboration of Problems of 
Water Supply, (vSarl)arensky ) ; or.gauized in 1040. 

Seeti«)n on Scientitic Irlaboration of Problems nl 
F’leclrical Conmmiiicatifms, (X'vedeiisky) ; reorgani/n! 
ill 

Section on Scientitic Flaboration of Problems of 
hdectro-lliermics, (Nikitin) ; organized in 

Committee of Teehnieal Terminolog\' ; founded 
ill ip.k’ 

Committee on History of Teclniology ; reoi.^' >- 
nized in 1044. 

The Technical Institutes and Coinmissioiis iindei 
the U.S.S.R. Academy of Sciences concentrate, as a 
rule, on the study of general and long-rage i)roblenv-. 
From the nature of in.stilutes given above, it would 
appear that these organize research work on a 
detinite group of problems. The Academy has higldy 
developed the Commi.s.sioii method of dealing with 
research problems so far as technical sciences are con- 
cerned. The Coinniissioiis are usually made up 
rei»resentatives from universities, institutes and orga 
nizations concerned and are responsible for plaiiniii:^ 
and co-ordination of research work. The various 
institutes and Commissions arc financed by the vStai«. 
budget. 
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RlCSKAKCll iNSTlTrTKS rNl>KK PKolM.K’S CuMMlSSVKS 

Jk'sidcs llu* iiihliliitcs and CoininisMoiis under the 
Academy, research work is ('anied out l)y the iiisli' 
lutes under the People’s Coiinnissarials of IndusUy,'*" 
hy tile universities and colleges, and l)y tile lal)ora- 
lories of the various industrial enterprises. 'Pile 
institutes under the Peojile’s C«)nimissariats of Indus- 
tries ale linaiiced i)arll>- !)>' the State l)U<l.i;el and 
parll\’ by the various enter])rises which submit re- 
search iirobleins for solution on the basis of mutual 
contracts. 'Phis reminds us of the reseaich establi.sh- 
nieiits created under the Department of Scieiititic and 
Imlnslrial Uesearch in h'n.^land, with which these 
lia\e some resemblance. h'ach industrial commi.^- 
sariat maintains its ow n research institutes. Althou.eh 
these institutes are generally interested in problems 
coiU’erniiiLi technical and ap])lied branches of 
sciences, the study of .general and theoretical pro- 
bleins forms a CJHisidei abK- ]»art <if their reseaich 
programme. 

lllSTi KV A.M) I'HlI.OSOfnv, lw'«)NOMICS VM» LWV, 
AM> IjTKkVTrKK AM) PlI 1I.< )!,< K'.V 

W’e shall make onlv a passiiiL^ refereiu-c U) these 
three Divisions, as these are not inmiediatelv ' I'oii- 
nected with the i»ro.tireSs of sc'ieiice. 'Pile mention of 
the institutes under these Dixisions max’ be of some 
inteU'St. 

'Pile Divisiou of llistoiy a ml y includes 

the fcillowin.u reseaich institutions : 

'Pile Institute of Ilistorx'. 

'Pile N. V. Marr Institute of the History ol 
Material Culture. 

'Pile Institute of l{lhno.mai)h\-. 

'Pile Institute of Phih)So])hy. 

'Pile Museum of the History of Keliiiion. 

'Pile Archives of the Academy of S('iences of 
the r.vS.S.R. 

'Pile Commission on the History ot the 
Academy of Sciences of the T\S.vS.R. 

'Pile Conimissioii on the Ilistorx of 'Pechnical 
aiul Natural Sciences. 

'Pile Division of luononiics ond /.da’ includes 
the folloxx inji research institutions : 

'Pile Institute of World lu'oiiomx- and World 
Politics. 

The Institute of lu'onoiiiics. 

'Pile Laxx- Institute. 

I'or a (lolaileil aci'oinit nl ihe iiiNiiiute'^ niuUr ilie 
Coiniiiissarials -of Iinluslry, ilu- arlieli' «»n 

of Srifiuv in ihc Soviet rni<Mi' hy S. N. 
•‘^‘11 ill SciKNCK .\M) c'rr.Ti Ki;, \'oI IX, No. 1 . 
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'Pile Division of I. Hi mint c nuil l‘l}iloioyv in- 
cludes the folloxxin.i: research institiuions ; 

'Pile .Maxim (lorkx Institute ot World Dite- 
rature. 

'Pile Institute of Dileratuie. 

'Pile .\. Mair Instilule of Philolo.ex' and 
Do.eit'. 

'idle Institute of the DaiiLiiiaL^es and Dileratuie 
ot the Peojdes of the C.S.Js.R. 

'Idle < >1 ieiital Institute. 

STkl'CTl’kl-:, Al)MI.\I.STkATIo.\, 1 m'N\TI(*Ns \M) 

F 1 .\ X \c I \ I . A s I 'KCTS ( »i- r 1 1 k I \ st n r i ks 

After a brief resume ol the srieiitilic institutes 
under the xari«)iis Divisitnis of tlu- .\cadeiny of 
Sciences, xxe m)\x propose to discuss the structure, 
adininisti ation, functions, .ind llnancial aspect, or in 
other xx’ords, the ori'aiii/.atioiial sicR- of the instil ntes. 

Stiitctnn luui .\dniini.\lhilioii : 'Pile Prasidiuiii 
of the r.vS.S.R. .Academy of .Seieiices, re^embline. 
the (.'onneiDof scientific <)ri»ani/ations in Ixiyiilaiid, 
r. S. A., Ol elsewhere, is the supreme e.xeculive boilx 
fioni xxhich antln»rit\’ emanates. ddie Prasidiuin 
determines the ixdicx and function of the institute, 
sanctions the ])lan of work pnipo.sed b\’ the institutes 
and appiox’es j)f the bnd.i;cl estimate. 

DaclCiiistitute is heatleil by a Director respon- 
sible to the Priisidiuni and eiijoxin.i; complete 
id.ninisti ative anil economic independence and the 
ri.uhts of one-man niaiia.eeiiient. He has to or.eaiii/.e 
all the vxDik of the institute and exercise operative 
control over its activities so as to ensure proper ftil- 
lilnient of tasks assi.ipicd to the institute. 

'Idle Director is assisted in his vxtirk by what 
is called the ‘Academic Council’, xxhich is an ad- 
xisoiv ])od\ xxorkinii under the Director. 'Pile 
Aeadeinic Council is comt»osed of members and 
correspond in.si members of the Aiadeinv, and of out- 
standiiiLi specialists in the correspoiidin.e fields of 
science and eiiL’ineei iii.ii. 'Idle Director is i x-offirio 
the Chairman of the Council and su.s.i.i*esls the names 
of members to serve the Council, to be approved of 
by the Priisidiuni. 

'Pile Academic Council is a x ei v important 
feature of the orKani/.ation of an institute. All 
matters con<'ernin;.» research, such as the trends of 
tile institute’s scientific activities, the problem of the 
co-ordination of research xxork, develoimieiit of re- 
search in allied fields, publication of scieiilifii' t)apers, 
etc., are discussed by the Council. U can also 
appoint lemi»orary commissions, whenever necessary, 
to xvork on inobleiiis in some special field. 

Kach instilule has its laboratories, sections aiul 
well-e<|uip])ed library, staffed bx- members and cones- 
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nK*inl)«.r^ <>f Hit* Acadfiiiy and liy skilled 
^pccialisl^ of llic luaiu'lies of knowlcd.nL* coiicenied. 

I' liurlions of llic histituti s . — Tliu olijcrl of llu* 
insliliilfs, as deliiied in the Slalnte and already ineii- 
li«)ned, is llie iMoinolioii of science and technoloi'y 
in all llieir ramifications in such a way as best 
serxc.s llic economic and cultural interests of a class- 
less socict>-. 'I'liis social and national resixmsibility 
makes llie (jiiestion of |)lannin.t* and ii]te.i4ration of 
scientific tesearcli i*xtremel\' important in Russia, 
'fliiis, besides cj)iidiictinii reseai... on tlie most 
iir.iicnt prohlems of science and en.L'ineerin,^, culture 
and tile national economy, the Academy institutes 
have to integrate the research work and secure a 
planned development of sciences in the U.S.S.R. The 
planninii of research is a distinctive feature <»f those 
institutes. 

Not less important is the IrainiiiLi of scientific 
cadres at these institutes which had, accordiiit* to an 
estimate of January i, uit.s, 1,200 iiost-Kiaduate 
students, 'rile institutes of the Academy’s branches 
had more than .^(^o students. These institutes pro- 
vide post-.maduatc training to the selected few from 
hii»her schools and colle.vies, asinrin.e- after master’s 
or doctor’s de.i’rees. Only the .gifted .maduates are 
trained to (pialify for research dc.i'rees ami are .eiveu 
the pii\ile.L»e of sludyinju and learnin.14 at the hiiihesl 
leseaR'h institutes of the I’nion. 

hiiuntcr . — In V . S. S. R,, the State is the *»\\ner 
and ori»ani/er of all enterprises, scientific or other- 
wise, and has, theretoie, to provide funds for all 
activities. 'I'his simplifies the (piestion as to the 
sources of fund, which is always a wxed problem in 
the capitalist countries thii\’in.e (Hi prixate enterprise, 
ruder finance, it is only important to note the ways 
in which funds are made available from the Oovern- 
meiit 'rreasury lor the coiuluel of research and <ither 


activities of the Academy institutes. 'I'he followiiiK 
three ways may be mentioned : 

((?) State bud.i»et allotments in accordance with 
the plan of work confirmed by the Priisidium of the 
Academy of vSciences. 

[h) State budget allotments over and above the 
bud.uet estimates, )^iveu to the institute by the 
Priisidium i)f the Academy, for the execution of 
siiecial tasks and a.ssij>nments. 

(c! h'unds obtained with the permission of the 
Priisidium of the Academy by contract with other 
institutions for the fulfilment of research work and 
for preparin.e exhaustive .scientific works fiir press. 

Science in Russia is a vital force today. It has 
determined her jnogress in peace and her victory 
in war. W'e conclude our discu.ssion with an ex- 
cerpt from a speech delivered by Stalin at a reception 
in the Kremlin to the hi#»her educational workers (»n 
May 17, H).vS. He [uoposed a toast 

“To tlif prni'iiss ot sciemi*. of ilwit scinue wliiili dors 
iiol frncr ilsrlf «>ff Inna ihr pecjple aiid iloes not hold 
aloof from ilu ni, hnl whirli is prrparrd to scrvi* tlu* ]H‘o])Ir 
and lo tratisinil to llu^iii all tlir hnirfitN of .sririur, and 
which dors not si-rvr the pro))lr under I'oinpulsioii, lull 
vtiluiilarily ami willin.i;l\. 

“To ihr pro.errss of siMcncr, of llial science winch will 
not perinil its old and rrco,eni/.rtl Ir.'ulrvs sinu.ely to invest 
ihi’iiiselves in the rohe of hi.eh priests and monopolists oi 
science; which understands tlir nieaninjn, si.iiiiilicanci' ami 
oiimipolrnce of an alliance helween the oKl scientists ;in 1 
the \ouiii.; scientists; which voluntarily and willin.ely throws 
open evcr> floor <»f science to tht‘ wum.v; f<n'c<s nl our 
coinitrv, and allr>rds them the opportuiniy of sealiti.i; the 
])eaks of siiemr, and which reco.eni/.es that the fulun he- 
lon.es to the Nonn.i; seientisls. 

“To the pro.eress o( sciini’e, of that science wlm-^e 
devotees, while understandini; the powir and si.eniruame 
of the estahlished sciiutifie traditions and ahlv utili/im.* 
them in the interests of science, are ni‘Vi*rtheless not will- 
in.i; to he slaves «)f these tiaulilioiis; the science which li.i^ 
the c«nira.v;e and «leterniitiation lo smash llie lra<lilioiis. 

standanls and \iew.s when they become aniitpiated and 
hejLjin lo act as a feltir on pro.!.:ress, and whiih is able i" 
create new trailitioiis, mw stamlards and new \iews.“ 
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SCIENCE IN AUSTRALIA 

CdiMMoNWKXTH OirNCI!. TDK Scn'.NTU*iC \M) 
ImU STKIAI, kKSKARCII 


I S IRAKI A’S i»rL*iiiicr Scieiiliru' t)ri»iiiii/.aiif)n is 
Ilk' Coiniiioii wealth Council hn- Sciuiitific and 
Iiulnslrial Research. 

It largely coinhiiies the functions «)f certain >ec> 
lions of the Hureaii of A.i>ricnltnre and the National 
Standards Riirean in the I’nitetl States, and the 
Department of Industrial Research and the Ai»riciil- 
tural Ministry Research C«)Uncirs work in Britain. 

Althou.vih the Council was not toriued until 
its ori.nin really dates hack to World War I. 

In the early sta.i*es of that war, it was clear that 
(•ennauy, because of her e.xtensive chemical imlustry, 
was in a peculiarly advanta.ceous position in iiiakin.ii 
arms. In fact, the whole world was dependent on 
('.erman dyes - and dye factories can he chan.iicd 
almost oNerniiiht to mnnitioiis factorie^. 

M'o rectify the position, Britain set up a «lye 
iiuhistry and a Department of Scientific and Imlns- 
trial Research. At that time Dominion Prime Minis- 
ters were in Britain, and it was su.i'.cested that they 
should set up research orcani/atioiis in their own 
countries. 

So in igib, the then Australian Prime Minister, 
W’illiam .Morris Hu.ucs (who, now Si yeais of a.ce, 
is still a memher of the Commonwealth Parliament) 
istahlished the Advisory Council of Science and In- 
dustry. Rater the name of this Body was chain^ed 
to the Institute of Science and Industry. 

In the set-up was re-or.uanized and the pre- 

sent Council for Scieiititic ami Industrial Research 
created. 

The powers and functions of the Council were 
‘lefuied hy the vScieiice and Industry Act, i()jf>. They 
include the initiation and carrying out of research 
for primary and secondary industry, the training <»f 
research workers, the making of research grants, and 
the setting \}\) of a hureau for collecting and dis- 
‘'cminatiiig .scientific and technical information. But 
human health problems do not come within the 
Council’s purview ; they are the concern »d the 
Cniiiiiionxvealth Health Department. 

The need for the organization and eiiuiimieiit o( 
tesearch on a national scale has developed and in- 
ci eased largely through improved transport methods. 
Conditions today are forcing efficiency on primary 
•'J>d secondary imlustries alike. And eificieiicy can 
he achieved by u.siiig scientific knowledge to 
perfect production methods, and scientific investiga- 
tioii to clear up the various problems arising in 
ijalustrv. 


'file comi»iv.hensi\e nature of the CoimciPs acti- 
vities has necessitated a wides|)read and adaptable 
organization. I ndesirable centralization has been 
avoided by establishing State Committees, each of 
which consists of a chairman selected by the t'ominoii- 
wealth ('loverninenl, three members nominated b\- 
the vState ( *.()\ernmenl from the stalT of scientific 
departments, and three scii-ntists, at least two of them 
members of the h)cal university staff. In addition, 
the chairman and si.\ nunibers appointed under this 
plan have the right to nominate three members 
associated with indusiiw. .\tlditional members may 
be co-opted from lime to time because of their specia- 
lized knowledge. 

These commilte-s in tin* six .Australian States 
advise the Coiuu'il on general matters, and also on 
l*articular (piestions of investigation aiuT research. 

'Die full Council is made up of ,'o members who 
come from all vStates «»f tlic Commonwealth. 'I'here are 
three members nominated by the Commonwealth 
(iovernment and the chairmen of the six vState Com- 
mittees, and other members coDptc-d because of their 
specialized know ledge. 

Commonw -.allh ( 'lONernnienl apiioinlees are Sir 
('•eerge Julius Kt., D.Sc., B.I{., who is chairman (d 
the Council ; Sir David Rivett, K.C.M.('»., M.A., 
D.Sc., K.R.S., who is deputy chairman and chief 
executive olTicer ; and Brofessor Arnold Iwlwin X'ictor 
Richaialsoii, who is Directoi of the W’aile Agricul- 
tuial Reseaich Institute in Adelaide and the Council’s 
dei»uty chief executiw ofl'icer. 'I'he Coiincirs head- 
(|naiTers are in Melbourne, and its meetings are 
usnall\ held there. 

C. S. I. R. olficers include specialists in almost 
e\ery branch of ]mre and ai»plied science. Most are 
permanent members of the scientific stall, but some 
are ap])oinled for specific short-term investigations. 
Some of the Council’s research workers are housed 
in its own lab»)ratories, others work si«le by side with 
State ('io\ernment olficers, either in departmental 
laboiahnies or in the field. Some work in universities 
cariying out research under the general supervision 
• of members of the universit\- staff, ami a few are 
stationetl overseas. 

Co-operation with State and Commonwealth 
Departments, and with universities, has been an out- 
standing feature of the Council’s ojieratioiis. 'I'he 
coiiseciuent team work has been extremely valuable in 
a country like Au.stralia, with its many problems and 
comparative paucity of trained research workers. 
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111 its early yv.ar>, tlie* Couiicil c<jna;iUiate<l <>n the 
primary ilI(lu^try licld. It was hcyoiid Ihc capacity 
<»f any individual man on the land to study tlioroiiKhly 
animal disease-^, ])lanl di.sva.ses, soil and water 
iliflk-nlties, nor vonld lu* linanee adetpiate research. 
The Narious Slate Ikpartnieiits of Aj^ricnltnre wel- 
comed this line of research into far-reachinjL» national 
lirohleiiis as distinct from prohlems alTectini^ more 
reslricted localities. 

So the C'onneirs liist mo\e was to set itp 
Divisions of Plant Industry, of Kc<momic luitoino- 
InuN-, of Animal Health, of Soils, and «if Food 
Preservation and 'rraiisport, with smaller secti<ins to 
look into ijrohleins of eitrictiltiiie and viticulture 
under irii.eati<m conditions. 

'rile I hint Industry rdvi^-ioii has its heath juarter.s 
in Canberra, alon.eside the ma i lahoralorv of the 
lu'onomit' I'!ntoniolo.L»y Divisitm. 

The main work it undertakes concerns plant 
hreedin.L;, plant diseases, horticulture, tobacco, vveetls, 
plant produttioii and iiasture prohlems. Special 
ilteiition is ,i.;iven to pasture investi.uation as ,i»rass is 
the most imi»ortant emp L«r<i\vn in Australia. Just 
imw llwre is an uri^ent need for the development of 
a i»aslt)ral mixture that will stand ui> to tropical 
conditions, and enable northein areas to be settled 
far more intensively. 

Parlier divisional ollicers .trained world fame by 
evolving; a simple, practical and effective way of 
raisin.i; healthy tobacco seedlin.u free from blue 
mould. 

Althou>>h the Division has more than a hundred 
acres of land close t<» its main laboratory for field 
experiments, its officers carry out special investi- 
.uatioiis all over Australia. Some are iiermanently 
locate<l in 'rasniania workin,e on fruit stora.ue troubles, 
and others in Queensland vvorkin.n «»n plant intro- 
duction and a.nrostolo.iiical problems. 

'fliis Division oiierates in a field in which much 
experimental work has been done, and is beini* done, 
bv State Departments of A. eri culture, 'fherefore, 
.generally the division concerns itself with problems 
afTectin.e more than one Slate. 

h'coNOMic b‘NT()M()i.<)(*.v Division 

'file. Itcoiioiiiic Ibitomolo^y Division also has its 
laboratories at Black Mountain in Canberra. It is 
mainlv concerned with the control of insect pc.sts. 
larlicular atteiiticai has been .I'iveii to the sheep 
blowfly, which used to cost the Australian sheep 
farmer anythinj» up to Rupees four ciores a year. 
Other pests .in vesti.iiated include the callle tick, the 
buffalo jivub, the red mite, the lucern flea, and tlirii). 

'rile most si>ectaciilai' work done by the division 
is the control of noxious weeds by insects. Already 


much .success has been achieved in controllinj* lan- 
tana and St. John’s wort (despite the difticnlty that 
Australian ants have a special liking for the insect, 
which is di.saslroiis to Jsl. John’s wort if allowed to 
work niiiliecked). 

'file Council’s cnt()niolo;L*ists played a bi>» part 
earlier in helping to wipe out prickly pear in northern 
X.S.\\\ and Queensland, thus iieacefully regaiiiiii.u 
for Australia about 60,000,000 acres of land. 

'file story, ill brief, is that the prickly i>ear i^ 
not a nuisance in the coiiiilries in which it 01 i.i’iualcd. 
Apparently it is kept in clieck there by .some insect 
which was not introduced into Australia with the 
plant. With nothiiiK to keep it in check, prickly ])ear 
spread swiftlv' in Queensland and X.S.W’. A searcli 
was made in other countries for an insect that would 
keep the pear down. 

l.'ltimatcly , one such insect - eacloblastis cacln- 
inm--vva^ found, 'fhis particular insect is surpri^ 
in.ely ca.sy to handle and conlnd. Firstlv-, the iimih 
lays its cjii.es *>11 top of one another to resemble a 
cactus spine. vSo, in one snip, about ;:o<.) e>;gs can 
be collected. (At one time these e,^.gs .sjiines wen* 
collected literally by the foiir-galloii tin). 

vSecondl.v', the calcrjiillar bore.s into llie ^r^fi 
fleshy iiads and eats the pear away while safely I'lo 
lecled from birds and its other natural enemies, 
'riiirdly, the insect will not live on any plant ollu 1 
than t>rickly pear, and is thus harmless to crops. 

I)l\'l.'^in\ O'l* A.MMVI. HKM.TII AM) Nl TKlTinx 

The Division of Animal Health ami Xnliiti"ii 
is one of the Icasi centralized sections. Its lie.td 
(juarlcrs are in Melbourne, but its veterinarians mid 
))acteriologists al.so work at stations in norlluiii 
Queensland, v^ydney, Adelaide and Perth. 

'flieir work is vital to Anstialia for aiiythui-’ 
which adversely affects the continent’s great pa.stoml 
industry and strikes at the roots of the countiv’'^ 
wealth and prosperilv'. 

^lain problems the division has investigated aie, 
or have ))eep, plenro-piiciiinonia in cattle, tick fevvr, 
mastitis and peg Ic.g in dairy cattle, shee[) blowfly, 
worms and other ])arasites, eiiter-toxaeniia, Denmark 
disease, botulism in sheej), flurosis, fertility, Zebu, 
hybridization, toxaeinic jaundice and foot-rot-. 

One of tile divisions’s must .successful inve.stie.i- 
tions was that into black disease in sheep (infection^ 
necrotic hepatitis) which formerly caused inistoralist" 
lo.sses up to Rupees one crore a year. 

This disease was ftr.st referred to as “braxy-lihe” 
di.sea.se because of its resemblance to the braxy of 
Furopean countries. The disease is fatal, and ike 
affected animals die so it is rare to be 
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able to pick them out before tluatb. l-Mially the 
pastoralisl Ihuls fresh carcasses each day while the 
rest of the flock is in i>»()od condition. 

However, investij’ations show tlial the disease is 
due to a bacillus which is stimulated into .erowth iind 
invasions by the lesions causetl l)y youii.e, flukes enter- 
ini’ into the liver tissues. Kesearchisls prepared a 
\'acciiic. capable of protectin.u animals aj*ainst the in- 
fectinj; organism. The use of this vaccine together 
with methods of eradictiting liver fluke, lias kept the 
disease well under control. 

The division’s work with pleuro-jnieuiiionia in 
cattle has also received world-wide recognition, for 
it has been as important from the jmrely scientific 
viewpoint as it has been successful from tlie practi- 
cal. 

In the lirst place the e.xact nature of the casual 
organism, long thought to be one of the so-called 
lilterable viruses, has been cleared up. A technitpie 
lor culturing it in vitro has been evolved, usine what 
is known as the \\S.().vS. broth (which is a peptic 
digest of ox liver and muscle, enriched l)y the addi- 
tion of ox serum, and sterilized). From tlie pure 
cultures of the organism a vaccine has been develoiied 
wliicb confers a high degree of immunity on the beast 
inoculated with it. 

r>i\ isioN OK Soii.s 

The Division of Soils has its headiiuarters at the 
W’aite Agricultural Research Institute of the Ade- 
laide University. Its main task is to examine, and 
classify .soils to ohtain a fundamental knowletlge on 
which the best methods for using those soils can 
Ik* based. 

I'he work takes up a lot »)f time, so attention in 
I he early years was naturally focussed on the high- 
pii(‘ed soils of the irrigation districts, whicli arc 
centres of intensive production today. 

(hie of the biggest jobs has been the surveying 
‘»f the irrigation settlements along the River Murray. 
In the course of lliis work, a survey was niadj ol 
I he bed of Lake AXWni at the mouth of the rivci 
I'liis was done from motor launch tlirougb several 
leot of water. Special apparatus, now in use llirongli- 
'»ut the world, had to be made for the job. llie 
'‘bjecl was to find out whether the soil of the lake 
hed was suitable for dry farming or irrigation 
lanning. 

The survey .showed that about half the area td’ 
dk lake, conn*) rising a shallow layer of clay over 
''imcl or rock, would probably be of little value in an 
hrigatioii project or for dry farming. Even the more 
1‘1'oinising deep clay soils, constituting as they would 
die lower parts of the dry area, might be expected 
h» develoj) salt troubles. Therefore the reclamation 
''eliLMiic was dropped. 

5 


Division uk Biochkmistrv am> 

(Ikni^rai. N utk rnoN 

The Division of Biochemistry and General 
Nutrition is another laboratory with headcpiarlers in 
Adelaide. It siieeiali/.es largely in sheep problems, 
b'xperimeiital animals maintained in the laboratory 
"/oo” are fed measured amounts of dilTereiit fodders, 
and the passage of this food through the animals is 
watched carefully by examining their breath and 
iheir excreta. Through this work the precise food 
needs of sheep, particularly under drouglil condi- 
tions, have been determined. 

This divisi«)n has established the iinpoi lance of 
verv small amounts of metal such as copper and 
c»>haU to sheep. For many 3’ears, sheej) kept on 
apjiarently good soils over several thousand miles of 
land in llie south of the coiilineiit, particularly in 
Woterii Australia, did not flourish and their wool 
was poor. Through investigations their crniditioii 
was pul down to tin* absence of cobalt and coiijier. 
Top dressing of the pastures with a few pounds of 
salts of coi)per and cobalt to the acre, or, allenia- 
lively the giving of licks containing these materials, 
has led lo a remarkable improvement in the animals 
ill these areas and oflvii trebled the value of that 
land. 

I'lVlSlON ni* F'ni)l) PkKSKRVATn )N \NO TrANSI’OKT 

'rile Division of Food PrcvScrvalion and Transport, 
wliicli has its main lal^oralory in vSydney is another 
of the major primary industry divisions of the 
C. S. I. R. 

Australia is a long way from the main food im- 
porting countries of the world, and is itself a land 
of great distances. vSo the handling and transport of 
perishable products is a vital national problem. 

The division’s main lines of work concern cold 
Morage, dehydration and canning of meat, fruit and 
vegetables. 

Before the war, the Division slioued llie w'ay to 
the develo])meiit of an export trade in chilled beef to 
the United Kingdom— a trade which had not pre- 
N’ioiisly existed because of the lack of technical 
kiKwvlcdgc of how’ to kec]) the beef satisfactorily in 
.1 chilled’ condition for the long period involved. 

vSince the war, the division has lieljied Australia 
l«) meet her obligations to the Allied fighting forces 
in the Pacific and Allied civilians abroad by investi- 
gating and improving dehydration, canning and 
similar uiethods of food preservation, and also in 
ensuring that it is adequately packed lo stand up to 
transport through steamy jungles and long sea 
voyages. 
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iMjkKSTs pRonun's Division 

Thu Poiusts Trod lids Division luis carried oil Ihu 
work on the many native* limhers huRun by the 
Advisory Council of Science and Industry. 

Its main acliieveineiit has been the production 
of paper frniii the short-fibred Australian eucalyi»t 
timbers. Paper experts, accustomed to the lon.i* 
libred Northern Hemisphere timbers, said the Austra- 
lian lim);ers were unsuitable for makiiiR paper. Hut 
llie Australian research workers would not accept 
this opinion. And now, larRely throiiRli their deter- 
mination, theie are three biR and important paper in- 
tlustries all usiiiR Australian timbers. 

They are the wrai)pinR pai)er factory at Mary- 
vale (Victoria) ; the newsprint mills near ?Iobart, 
M'asmaiiia, and the works at Hiirnie in Tasmania, 
produciiiR fine-printiiiRS. 

In recent years the Division has set up sections 
ilealiiiR with the streiiRth of timbers and their season- 
iiiR, preservation, chemistry and their identification. 


in r. S. A. It is concerned with the precise measure- 
ment of leiiRth, mass, volume, time, temiierature, 
humidity, density, and electric current. 

The laboratory has three main sections dealiiiR 
with meteoroloRy, physics and elect ro-technoloRy. 

The nieteoroloRv section studies the ])roduction 
and calibration of RauRes and other measuriiiR instru- 
ments for makiiiR precision machinery and muni- 
tions. The physics section deals with problems of 
heat, liRht, sound and X-rays, while the electro- 
teclmoloRv section deals with a wide variety of electri- 
cal and radio matters other than those carried out by 
the Radio Research Hoard. 

R.vino RksivVkch Hiurd 

This Radio Research Hoard, which was set up in 
1027, has made rather fundamental studies of tlie 
ionosphere t>r upper reRions of the atmosphere, the 
elTect of variations of conditions in these rcRions, and 
the reflection of radio waves. 


PisHKRiKs Division 

'I'he Fislieries Division has its headipiarlers at 
Cronulla, about 20 miles south of Sydney. The divi- 
Mon’s main laboratory there looks into the ftsh food 
content of Australian waters and their ocean currents, 
the classitication of Australian fish, and their smokiiiR 
and preservation. A trawler is used to investiRale 
fish occurrences and ways of catchitiR the surface 
>wimminR (pelaRic) varieties. 

'rile division has Riven a Rieal deal of attention 
lo “sixjUiuR” fish from airplanes. This method of 
directiiiR lishermen to the best Rrouiids may be used 
extensively after the war. 

X.vnoN.M. ST.Wn.XRDS D.viioratokv 

'I'liese i*rimary divisions were ruimiuR smoothly 
when the Council decided to turn its attention to the 
manufacturiiiR side in 103O-..X7. Recommendatitms 
that an Australian national standards laboratory, an 
aircraft and eiiRiiie tesliiiR research laboiatoix, and 
a research service for secondary industry in such 
fields as iiietallurRy, chemistry, phxsics and eiiRi- 
ueeriiiR should be set up within the structure of the 
C.S.I.R'., were accepted by the (lovernmeiit of the 
day. 

It is fortunate for Australia that this was done 
Iwt) year-> before the war, because these .sections have 
proved invaluable to Australia’s Ri'cal war produc- 
tion elTort. 

'fhe National Standards Laboratory in Sydney is 
(he Australian counterpart of the National Physics 
Laboratory in ItiiRlaiui , and tile Hnreau of Standards 


Some of the results obtained from the hoard’s 
inwsliRalions have now been pul to practical use, 
particularly in the armed services’ siRiialliiiR and 
radar activities. Details of this work cannot be Riwii 
now for security reasons. 

A !•: K( >N A TT ICS 1 ) 1 \' I S I( )N 

Tile Aeronautics Division has extensive e\i)eri- 
nieiilal facilities at its main laboratory in Alelbonnu-. 
'Pile w'cu'k «.)f the lahoraPny is divided into four see 
tioiis, dealiiiR wi‘h aerodynamics, structures and 
materials, eiiRines and fuels and inslrunieiits. It has 
two wind tesliiiR tunnels— the smaller one a IhrIi 
speed tiiiiiiel ill wliicli air can he circulated at a 
speed eipuil to 750 inile^ an bom . 

iNPl’.STRIAl. ClIKMlSTRY DIVISION 

'Pile Industrial Cbemistry Division, also liead- 
(piartered in Melbourne, has played a big part in tlk 
developmeni of Australian manufacturiiiR indusli>, 
and is destined to jday an even Rieater part after the 
war. The aims of tlie division are to ])romotc Rieater 
lechiiical efPiciency, lo help in the settiiiR np of ne'\ 
industries, to eiiconraRc the use of Australian raw 
materials, to seek substitutes for imported material^. 
and to find uses for by-products. 

The Ihvisioii has a Minerals vSeclioii, whieli 
iuvesliRates such problems as the production 
potash, chroiiiiimi compounds, Rraphite, and lithiuiH 
and vcrylliuni com|>ouiuls. Another section deaP 
with cement problems, ;inother with biocheiiii^^a 



August, 1945 


A l‘LKA b'oR A\ AM. BHNr.Al. KIJ\CTR1CAJ. ORIO 


<>7 


matters jiarlicularly fellim)ii.v»frin>=*. The orj^aiiic 
section studies resins, essential oils, alkaloids and 
laiiiiins from Australian shrubs and trees, and 
syntheses of new organic coiiii)ouiuls for use as 
insecticides and fungicides, and for the floatation 
of minerals. 

The Lubricants and Bearings Section, housed in 
the laboratories on the Chemistry School at the 
Melbourne Tlnivcrsity, is independent of any division. 
It studies friction and wear on metals, and applica- 
tions of the results of some of its investigations have 


proved extremely valuable to inunition factories in 
Australia and abroad. 

The C.vS.I.R. is also interested in many other 
investigations in such fields as ore-dressing, miiiera- 
graphy and mathematical statistics. 

In the past five years the Council has concen- 
trated iiriniarily on many and varied war effort 
problems. But when the war against Japan is 
finished the Conneirs trained staff of 2,000 and its 
great resources will be available for tackling post-war 
reconstruction ]»roblems. 


A PLEA FOR AN ALL BENGAL ELECTRICAL GRID 

V. L . S . ROW 


Introduction 

.KCTkICAL energy has of late become one of 
the fundamental necessaries of life and is no 
longer a nionopoli/ed legacy of the rich. It is a great 
jiity that the develoimieiit of electric j lower has so 
far been cpiite meagre, as has been repeatedly referred 
to in the columns of vSciknck and Crr/ruRK. The 
siKmsors of the Bombay Plan have einphasi/cd its im- 
portance by saying that not even half a milli<in out 
of the country’s total estimated iioteiitial lesource^ of 
more tlian 2; midion kilowatts has been developed. 
Among the various inoviiices of India again, Bengal 
lepreseiits the saddest and most dis.ippointing ]iicture 
in the matter of electrical development. Most other 
provinces have initiated hydro-electric and thermal 
projects and can claim to have made some progre.^s 
though small. The backwardness of Bengal may be 
attributed in the last analysis to the lack of a well 
laid out iilan which she is now so urgently in need of. 

Since planning for ])ost-war development has 
been actively taken up both by the C'eiitral and Pro- 
vincial (loverninents and as electricity forms a Pro- 
\incial subject, it is high time that the ('lovernment 
should immediately form a technical boaid and draft 
out a regular grid scheme as soon as possible, and 
devise ways and means to translate the scheme into 
operation as soon as tlie liostilities cease. It, however, 
remains to be .seen how far the newly formed Central 
Idectricity Board will be useful in this direction. 

While planning for Bengal, one must remember that 
problems of tbe power development of this provimx 
are ciift’erent in more respects than one from tho.^e 
e.xpericiiced in other jirovinces and should accordingly 
receive different treatment. In the present article, 
an attempt will be made to indicate how the intro- 
duction of an electrical grid system operating through- 
^>ut the province is calculated to solve the power 
jaoblem of Bengal. 


I{c(*NUMics 01* Hi.kctricm. Indu.stkn 

Tnlike many other useful commodities of life 
electricity cannot be stocked or made elsewhere and 
dumped here. Pesiiles, unlike anv other complicated 
machines or intricate alloys and steels, the quality 
of electricity, whether generated in Shefllcld or 
Muzafl'arpur, is just the same, and the rich and the 
poor, the cai>italist and socialist, the learned and the 
labouixr all use the same (|ualily of electricity for 
whatever purpose they may reiiuire it. 'riiese two 
factors influence to a large extent the economic back- 
ground of the production and distribution of electrical 
energy. 

h'urtlwr, electricity becomes cheaper when it is 
in'oduced on a large scale. But, unlike any other in- 
thi.Ury where the ratio of the value of gross annual 
output to the cost of the unit of ]>ro(luction is of the 
order of ICO jier cent, the electrical industry has a 
very low ratio which is about i.s to 25 per cent. 
Since adeipiate returns on the capital investment are 
not assured in this iiulustry, inivate enterprise has 
been limite<l except where long term monopolistic 
licenses are issued to safeguard competition and 
meagre annual return in the intial stages. Wlio 
should, therefore, be the correct agency is still a much 
debated in'oblcm. 

Apart from the develojmient of large-scale in- 
<lustries in a few scattered cities and towns, a well 
laid-out electrical distribution syslcm in Bengal, 
when properly worked out, will doubtless bring about 
the much needed industrialization of the inoffusil and 
rural areas ami will further greatly contribute to the 
developniLiit of agriculture by providing chea]) electri- 
city. 'I'his diversion of industries into the interior of 
Bengal is the most necessary and desirable drive. It 
will effect a uniform distribution of em\doyment 
throughout the i>rovince and will thus control the 
large influx of inoffusil iiotmlation into the metro- 
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lcatliii>» U) tliL* scJirdly of lioiiMiijn accoininotla- 
lioii, sanitary and otlic-r diflk'iillics characteristic of 
a city. 

This inipoitanl prohleni of dccciitrali/ation of 
industries in the inolTusil districts Ihroui^hout the 
cfuiiitry instead of cro\vdinv» the cities and depleliiij^: 
the villages lias curiously enough cscai>ed the indice 
nf tile Hoinhay Manners. 

'rni* Frksknt Position 

At present there are roiyeldy about 50 electric 
licenses in this i)rovince, out of which about 14 are 
held by the Calcutta lUectric Supply Corporation 
itself. All these ^ are coni])anv niaua.i>ed except the 
one at Darjeeling which is a municipal underlakiiii*. 
For laree-scale and (|uick devdopnieiit a lar.ue hydro- 
electric or theniial .ei'iil scheme is essential. Tlunyeh 
the lar.eest .ennip of hydro-electric and steam power 
stations in India are owned bv i)rivate enteria'ises 
like the Tata Hydro-Electric and Calcutta Electric 
isupply and 'Pramways Co. btd., most others like 
the Mundy and Malakand schemes in the north 
west or the (lanj^es \’alley Hydro-I^lectric in the 
nortli and the Sivasamudram, Pykara and Mettur 
Power Schemes in the south would not have come 
into existence except for Ciovernmeiit activity. Inter- 
connection of i)ower stations and lar.i>e scale-genera- 
tion have always been found to be best done by an 
indej)endent (lovernmeiit constituted body. 

At present, some towns, including' Calcutta 
and suburbs, are enjoying the privilege of electric 
''^tpply, <)f which the list is given in table 1, column i. 
The approximate loads of the towns are also indicated 
in column 2. 


FrTfRK PussimniTiKs 

It is a very regrettable fact that the (lovernmeiit 
have not rendereil any Unancial hel]» whatsoever to 
any l)Usine''S undertaking except to the municijial 
undertaking of electric sui)i»ly at Darjeeling. The 
ai>atliy of the (lovernment, the present discriminating 
licensing system for which the (lovernmenl are again 
lesjMmsible, and the failure to command adequate 
linance not forthcoming have largely arrested elec- 
tri^'al development in lleiigal. 

There are many towns with a iJopulation of over 
5000 which can be electrified straightway. The 
columns and 4 of Table T, giving the list of such 
towns and their estimated loads will be of great 
assistance to investing jniblic or comi»anies who are 
desir«)Us of extending their activities. 

A Srr.(;KSTKn (Irid vScukmk 

Mr Kedclift, Electrical Adviser to the Govern- 
ment of Pengal, has suggested Die following scheme 


rn“;ent Position 
Towns 


T.\BbU I 

Po.ssihi lilies of 1{.\tnisioii 


Loud 
(in kilo- 
watts) 


'Dnsn^ 


LulcullU cOltl 

Suburbs — 
(Ilally-l'ttarpara 
Duin Diim 
ITowrah 
Seram pore 
IjllorMll 

l^i‘^llr^, IConna- 
gar 

Raniurh.iUy, 
Ik-lglinna, 
Agarpara 
lUidge Budge 
n.'iuria 
Hai<l\al).Mli, 
Clianii)dany X-; 
niiadre.'.war 
Paniliali, Kliar- 


diah, Titagarh) 

P57, 640 

Barrack pore 
Bliatpara River- | 

IW 

'^idc .. ; 

Bhalpara, Noa- 
par.'i, (hirulia 

319 

Naihati 

42 

Danripore 

lloogldv-Chin- 

16, 300 

'.urah 

l.Sl) 

Bansheria 

3 , 

Baris;d 

114 

Burdwan 

255 • 

Maiikura 

27 

Kri.slinagar 

62 , 

Khulna 

101 

Chittagong 

358 

Comil la .. ' 

96 

t.’handi)ur .. j 

SO '( 

l''nridpur .. ] 

fi7 , 

Xarayanganj 

178 1 

^ruiisliiganj 

22 , 

Ikuva 

923 ' 

Bliairah Ba/..ii* . 

18 

■’'aiigail 

i 

Serajgaiij 

89 ' 

.Myiiien-iiiigli 

199 ] 

Pabiia 

83 ;j 

Kiistii 

1 13 '( 

Bcrlianipur 

85 '] 

Rajshahi 

108 : 

Malda 

54 ..] 

Rangp.ur 

85 1 

|al])aiguri 

94 j 

Kiirseong 

120 !| 

Kaliiiipong 

51 '] 

Darjeeling 

640 ( 

Raiieegniij 

125 ] 

.Vsansol .. 1 

116 ] 
associale<l 1 


power 

C*)aHield area 

3,000 

Disliergarli 

5,600 

Barakar 

20 

'Midnapore 

114 . 

Patuakhali 

17 

works onlv 

Xahadwip 

42 ■ ; 

Nalore 

50 ; 

Je.ssore 

80 1 

Jhalakati 

20 1 

i 


Kaliia 
Katwii 
Kulli 
Siiri 

Kan!])urliat 
nislinii])ur 
Sonaniukhi 
Kharngq)nr 
Tam Ink 
(fliutal 
Chaiiilrakciiia 
Rainjil)onj)uf 
Ivharar 
.\raiiir)agli 
Kaiu'liarapara 
Tfalisludiar 
Raj pur 
“Rariiipiir 
Jaynagar-AIajilpui 
Bara sal 
Badnria 
Basirhal 
Taki 
Sanlipnr 
Ranaghat 
IMelierpiir 
!\rnrshidal)ad 
Belilanga 
Jiaganj-.Vziniganj 
Kantli 
Jaiigipur 
Dliitlinn 
il\ol(’liand])ur 
Satkliira 
Debhatta 
Abtktagadia 
(iouripore 


I Kisliorgan j 

[Ba jit pur 

jNetrokona 

jMndanpur 

'Rajhari 

;Pirojpnr 

iBht.la 

Cox's Ba/ar 
Bralmianbari.' 
Xoakhali 
Fcni 

Dinajpiir 
iSiliguri 
jSaldpur 
Kurlgrain 
Gaibandlia 
Bogra 
Na wahganj 
Contai 


Load 
(ill kill 
walls) 

87 
HA 

44 

114 

88 
145 

m 

221 

91 

69 

53 

47 

39 

57 

5.? 

39 

102 

55 

2 H 

159 

71 

181) 

81> 

2t)9 

l>5 

59 

115 
33 
89 

69 

91 

92 
52 
82 

32 
35 

33 
101 
101 
no 

80 

70 
104 
59 

71 
59 
35 
176 
28 
61 
140 
22 
63 

4 

45 
195 

m 

38 
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of five .nciicratiiiK areas which are lo he interlinked 
in his “Preliiniiiary Report on the position of 
Electrification of lieii) 4 al’* issued in The ptjsi- 

tion of course has jjot to he reviewed and recast, and 
with slight inodifications a similar plan could he 
formulated and operated even now. 

Me divided Ilengal into 5 separate generation 
areas as follows : 

(1) A hydro-electric power station to he erected 

utili/.ing the waters of the river Teesta or 
Jaldhaka. This would supply electricity 
for the whole of Xorth Meiigal as far south 
as the river (hinges and as far east as the 
river Prahinaputra. This power station 
could also supidy the whole of the Dooars 
and possibly Cooch Uehar and any load 
in the neighhoiuing regions of North 
Assam. 

(2) Tile second area could he conveniently 

supplie.l from steam driven ])ower station'^ 
in the coal fields and from Calcutta. 

(3) The district of llaiikura and a portion of 

]\jidnai)ore coiihl he supplied from the 
]'roi>osed large Behar Clovernnient thermal 
station. 

(4) The district of Mymensingh and Dacca 

could he supplied from a thermal power 


station at Cherraininji where a hydro- 
electric jKiwer station is not advisable on 
account of the risk of earth(|uake tremors. 

(3) A hytlro-eleetric project utili/ing the wateis 
of the river Karnafuli could supply the 
Tij)pLra, .Noakhali and Chittagong areas. 


Imnancint, dk thk Schicmk 

As regards finance for the sth.ine Bengal derive.'v 
about ks. 20 lakhs annually from the present elec- 
tiicity lax and this could solely he utilized for this 
purpose. Imrlher, the Ciovernment should raise 
funds as public subscriptions and loans as envisaged 
in the Homhay Man anil should encouragi- ]n-ivate 
enterprise with certain safeguards and privileges. 
The present method of taxing the inior domestic 
consumer much more than the industrialist to whom 
goes the greater share of benefits from cheap power 
should also he radically changed. 

Mr kedclift is (*f opinion that the comidelion of 
this scheme which would ensure the supply of elec- 
tricity within 5 miles of the remotest village would 
involve an expenditure of about ks. h crores. If 
this money he readily forthcoming, the execution ol 
the scheme, he helieve.s, would not reiiuire more than 
a decade. 


DISEASES OF RICE AND METHODS FOR 1 HEIR CONTROL 

J. O. 

r.or\NY UKI’AKTMKNT, PRKSl I»U NCY CtM.I.Kmv, CM.CCTTX 

(Cotitiniicd from the last issue) 


L'owny Mildkw 

Cause : Sclcrospora niacrospora Sacc. 

This di.sease is not commonly met with, ft is 
characterised by the production of excessive tillerings, 
hypertrophy and considerable twisting of the foliage, 
the latter lieing covered with white downy growth, 
d'he inflorescence of such disea.sed plants are greatly 
distorted. 

Occu rr( nrc . — The disease has been re])orted from 
Italy and the iTiited States. 

Diskasu'^ 

Cause : Firicularia oryzae Bri. et. Cav. 

This is a very destructive di.sease of rice attack- 
hi.g different parts of the idant. On one or both the 
• nrfaccs of the leaves or sheaths reddish or brownish 
"pots arc formed. The centre of these soon becomes 

() 


ashy-grey ultimately turning smoky and soiled in 
colour due to the ap\)earance of spores and sporo- 



TTcj. 3 . Blast Di^casr. 

pliores at that region. These minute brownish spots 
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gradually develop into eloii.i;aled or oval brown areas, 
inch by ’4 inch. Soiiieliiiies the adjacent spots 
inerKc together and extend along nearly the whole 
length on one side of the midrib or they may extend 
across it and the leaf gradually withers and dries lip. 
Infection soinetiines occurs at the junction of the 
leaf bla<le and sheath ; the infected tissues in such 
cases lf)ose their turgor and the blade falls over, and 
such infected regions appear very dark brown. If 
the infected region of the leaf sheath touches the 
stem inside, the stem may get diseased at that region 
from where it si)reails upward or downward turning 
the infected tissues almost black. In severe cases 
the stem collapses and hieiids over at this jdace. When 
tile flag leaf enclosing the ear is attacked, the glumes 
that are in touch with the spots may also become 
^p^)tted. 'file ear when appears normal, has in most 
cases the grains inii»roperly fllled or almost sterile ; 
the sterile heads remain standing erect. The greatest 
damage is caused when the nodes and the necks of 
1 1 1C panicles are attacked. 

(K'cmrcnrc. — This disease has been noted in 
almost every rice growing country of the world and 
its effects are variously known in difleretit plaeX‘S, 
namely, ‘lilast* in I'liglish, ‘imochi’ in Japan, TalUd 
in Spi'^b ‘brustmc’ in Italy, and ‘spot disease* in 
Bulgaria. 

Conhol M insures. — In Italy and United Slates 
the serious damage caused liy this disease has been 
pi evented by .spraying the plants with Bordeaux 
mixture while it is in the seed bed. Henellcial results 
have also been ol.tained elsewhere by the aiiplication 
to the field of superpluisphatc with the addition of 
lime, calcium carbonate »ir gypsum to the manures. 
The application of lu*avv doses (Po lbs. ])er acre) of 
nitrogen (in the form of ammonium sulphate) makes 
the plant susceptible to blast while smaller doses are 
said to be beneficial. The effect of nitrogen can be 
counteracted to a good extent by the aiiplication ()f 
potash but not by phosphoric acid. Soaking of seeds 
in 2‘o stdulioti of Kaliinat H bir ’4 hours not only 
reduces greatly the incidence of the disease but is 
also said to have a beneficial effect towards increasing 
the yield (TutelT, ig28). 

Vki.pow Kernel Disease 
Cause : l^rotoascus colorans 

The , fungus attacks only the grains after they 
are fully formed and no other jiart is suscejitible to 
its infection. The pathogen starts its activity during 
the time of curing after harvest. The di.scase is 
characterised by the yellow discolouration of the 
kernel due to the production of yellowish brown pig- 
nients by the luiigus which permeates through the 
whole of the grain. 


The development of the disease is favoured by 
humid atmosphere and high temperature, and so 
when .stacked or stored in moist, warm places or 
transported in warm, daiiij) cars for considerable dis- 
tance the damage becomes much more than when 
these conditions are avoided. Further, pigmentation 
fails to develoi) at all if the grains arc killed soon 
after har\\*st. 

The disease is known as ‘stack-burn* in some 
countries. 

(Icrarn nrc.- "This disease is known to occur in 
Indo-China, Java, Louisiana. 

Control Nothing much is known on 

this asi)ect. Loiulitions that favour the development 
of the di.sease should be av’oided. 

“MviTi’o” Ijisea.se 
Cause: Irohably liioloj^ical 

A diseased conditiihi «)f paddy known as 
“Myitjx)” in Hurmese occurs in some irrigated tracts 
of dry /one in Burma, viz., Shwebo district. The 
disease appears in patches of ;^o to 100 ft. or more in 
diameter, the 1 lants c)ver the region become stunte<l 
in growth Sometime after trans])lantation, turn 
yellow with the ultimate withering and drying Uj) of 
leaves. 

The disciise is “prob ably caused by a biological 
agent”. Nothing more is known about the disea^^e. 
iMirther researches need to be under-taken to dclui- 
niine the nature of the responsible biological agent, 
the extent of damage caused, etc. 

Control Moasuns . — The disease does not ai)]>ear 
in the same field every year. luirly and fair distri 
butioii of rainfall t<.nds to jiievent the outbreak ni 
the disease. 

The iipplication of .soluble i)hosi>halic manuies 
effectively controls the disease. 

Black Kernel DisEA.sir 

Cause : Carvlaria lunata, and others l<^ a small extent. 

The disease affects the grains but does not be- 
come evident until after milling. 'J'he grain turns 
jet bdack throughout but does not loose its natural 
hardness. 'I'he fungus responsible for such dis- 
coloured grains is Carrularia lunata, which produces 
minute, dot-like fnictifications over the surface of in- 
fected grains. A number of other fungi arc associated 
with “black kernel** but the grains in such ca.ses have 
a softer and chalky texture and therefore degenerate 
in milling processes ; so the finished products become 
free from such black grains. The fungi responsible 
for the latter condition are Hdmintlwsporium oryzac 
and Altcryiaria spp. Another, viz., Trichoconis 
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.caiidata inoduces small superficial spots on the surface 
of the .grains but these are removed in millin^,•. Other 
funj^ii found associated with black grains arc : 
Rhizopiis *’*'/>/>., Rmicillium spp. and Fusariuni spp. 

The ovary is susceptilde to infection when the 
flowers are in blossom. The natural source of infec- 
tion is rice straw stae; where C. lunaia finds a suitable 
medium for overwintering^. The spores are dessimi- 
nated hy hi.sih wind or blast diirini; dry days at the 
time when the flowers are in blossom next .season. 
N^dunteer rice or weeils near about rice fields also 
serve as alternate hosts. Tlie rice slink IniM, Soluhea 
pa^niix Kal). sometimes hel]»s in the entrance of the 
casual fun.L>us or funi»i ihrou.eli punctures made in 
feedini; upon the developin.e l* rains. 

It may ])e inentif)ned here tliat sli.ehtly infected 
kernels do not result in black .grains unless the .grains 
.eet luated in tlie stack. 

Tln)U.eh the number of alTected luains rarely ex- 
ceeds more than i ])er cent in the finished product 
the market price is reduced mucli in proportion 
because buyers dislike tlie (juality that contains such 
black ones, i-'o, .grains containini; them have t»<)t t<i 
lie deeply milled and this increases C(jst of milliu.u. 

(h'dirniicc . — The disease is reported from Indo- 
Cliina, Japan and T.vS.A. 

C'onlrol Measures , — The juactice of the follow- 
in'^ measures elTeclively check the spread and further 
I'ro.m-ess of the disease: (i) avoidance of damtmess 
in st(nat'e, (2) eradication or buniin.u of weeds and 
volunteer rice about the rice field, and (3' avoidance 
■of makin.e straw sta.es in rice .erowin.e; localities where 
there had been an out-break of the disea.se that \ear. 


CKkCosroRX I,KAF Scot Diskx.sh 
Cause: i'ercospora oryzae ^liyake 

Cei’cospora leaf siud, also known as “narrow 
lirown leaf siiot’* in American countries, is charac- 
leri.sed by the i>roduction of linear .spots to 8 mm. 
l<mi» and i to I'-j mm. broad at most, parallel to 
the long axis of the leaf blade. The disease can 
easily be distin.guisheil from other leaf si)ot diseases 
because of the very linear nature of the spots. The 
centre of the spots (i.c. the median axis) to the extent 
'>f J4 mm. broad is dark brown, the border fading 
"Ut as the outer margin is ai)proached. The centre 
fioes not appear breached as is common with other 
leaf spot diseases. The spots or lesions i)r(Hlnced on 
dicath are like tho.se on leaf, those on the iK'duncle 
•'le narrower while those on the glumes are much 
shorter and nearly oblong. The lessions on less 
^uscei>tihle varieties are uniformly dark brown and 
•-uch narrower. 


The injury consists in the loss of vigour of the 
plants due to the reduction in i»hotosynthetic areas. 

Occurrence . — The disease is reported from nurma, 
China, Ja]>an, Dutch Kast Indies, Ihazil, Argentina, 
liierto Rico, and Dominican* Republic. In the Dnited 
Slates of America, Arkansas, Texas and Louisiana 
.suffer much. 

Control Measures. -Thij disease .shows much 
difTereiices in varietal susceptibilities. vSo, control 
niea.sures should be sought in the direction of selec- 
tion and Use of resistant viiricties. 

WiiiTK 'I'n* Diskxsk 
Cause : rjtysiidoyieal 

“Wliile tip” appears in paildy during the middle 
or later part of the :^eason ; tlie tips of mie or a few 
leaves being attacked first. In case of mild attack 
it is characterisetl by the appearance of white chlorotic 
areas to i in. in length at the tips while in case 
of severe attack the whitening travels further down 
alTecling' half the length of the leaf. The area thus 
affected becomes pai>eiy in texture and the leaf tip 
to the extent of r in. dies and dries up. besides 
these, when the flag leaf is attacked the sheath en- 
closing the ear becomes rolled up with the result that 
the ear cannot come out in the mu'inal way and so 
has to fi>rce its way through the sides. Such ears 
become deformed and the grains aborted or sterile. 

{'Occurrence. -The disease is known in some parts 
of I'.S.A., viz,, .\rkansas, Louisiana and Puetro Rico. 

Control Measures. -The folhwving measures have 
been reccmmicnded against this disease : 

1. .Acidilication of alkaline soil with sulphur or 
sulphuric acid. 

A j. plication of ^oo lbs. of magnesium sul- 
])hate or 500 lbs. of a high magnesium lime 
l)er acre. 

.V 'rile Use of nitrogenous fertilizers favourable 
under Louisiana conditions. 

(iKNURAP CoNTKin. rkWTlCKS 

In the descriptive stetion attention has been 
directed to individual cases of ctmtrol measures, some 
of which are lieyond the practices that can possibly 
be taken to by the common cultivators (jf this country, 
where even at the jaesent day the time-old methods 
are jiractised. Moreover, many of the direct treat- 
ments do not repay cost. Hut most of the maladies 
can however, be incventcd or checked to a good ex- 
tent if simie precautions are observed, which may be 
enumerated as follows: — 

(i) Field selection — select fields which are well 
cultivated and have proper drainage arrangement. 
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(^) Seed selection — first select seeds that are 
normal and free from any diseased s^ots or other 
abnormalities as seen by naked eyes ; then immerse 
the selected ^.^raiiis in a salt solution (as in Japan and 
Siam), in a sn.ear solntitni (as in Java) or in ordinary 
water. The more solid .grains settle down while the 
li^^hter and defective i;rains remain floatini*. Reject 
the latter and I)^oI'a.^ate the former. Where hand 
selection is not juissible where lari»e (jnanlity of seeds 
are re(|iiire(I carefully winnow or float away the 
li.ehter .grains. 

(.V l*roi)aKalion — of definitely more resistant 
varieties where known. 


it is recommended that the seed, after l;)eing dried of 
copjier suliihate sol., should be immersed for 3 minutes 
iu a ’5 per cent solution of (|uicklime in water. This 
almost neiitrali/es the injurious action of the cojipcr 
snlphate. 

(7) Sanitation of the field— all stubliles, trash and 
t)ther debris should not be allowed to accumulate near 
any cultivated held. 

(c^) hhadication of disea.sed idants— |>lants that 
are biund to l)e attacked with any disease should at 
once be uprooted and burnt. In the case of severe 
attack, the plants in the immediate vicinity should also 
be removed and burnt.'*' 


Llst oi* RKi'OKTF.n Associatkd with Dhtkkknt Parts ok Rick 

Pl.ANT OR (Ikains mork ahoct which is not known 


Altrniaiia sp, 

Ascochyta oty^ai' Call. 

('cirospora oiyzac Miyake. 
i luirtuplioni yliiiuantm Miyakr. 

,, on/d*’ t'av. 

( hidosporitini oryzac .Mi>aki*. 
Cojiiolliytiunt aiiouiale Miyake. 

,, bn'vcspomin MiMike. 
,, japouiemu MilakV. 

,, orvzac Cav. 

Dailylariii j^risra Shirai. 
Pincmasporiuin oryzac Miyake. 
PiploiicHa oiyzac Sliyake. 

Diplodia oryzac .Miyake. 

ICnt\loimj sp. 

Epicocinin hyalopcs Aliyake. 

,, iWfilcctiiiii Desin. 

Kpidoflihim oryziic Mi\ake. 
(iibbcrvlUt saitbinctti (Moat) Saee. 
(ionium oryzac Miyake. 
ilclminlliosporium Ilalodcs. 


Ilcndnsonia orvzdo Miyake. 
lA'plospli-M’iUi ciilmifiayli (I'r.) Cess N: 
lie Not. 

Mt lauospoui ylumarum Miyake. 

M ciaspliaei ia albescens Tliiun, 

.\l vcosphaeiella (Spluieiella) Hondai 

Miyaki*. 

,, SItiraina Miyake. 

Xapicladium sp. 

\eetna bolbophylli IKnn. 

My^rospora spinierita (Sair.) .Mason. 
(^ospora 01 yzetorum Saee. 

Opliiobolus oiyzae Mi>ake. 

Penicillium sp. 

Pluieospiiacria catlanei \\ Tluiiii. 

,, oryzae Mivake. 

F'homa ylumanim KII. vS: Traey. 

,, 0/3’ -tie CK. it Mass. 

i'liyllosticta ylumantin Kll. el. Traey. 
japoniemn Sliyake. 

,, miurai Mivake. 


Piiicularia yhtnianun (ICl). X- Tr.) Saee 
yiisca. 

japonica Miyake. 

,, mi unit Miyake. 

Pleosphaenilina oiyzae Miyake. 
I*rotoascus colorans. 

Piiccinia oiyzae. 
l^yieiioeliaeia oiyzae Shirai. 

Rhizopus sp. 

Scleiospoia maciospoia Saee. 
Scleivlittm ylnmale Miyake. 

,, ineyiilare 'Miyake. 

Seploria eurvuia Mi>ake. 

,, lonyispoia ’Mi\ake. 
Spliaeoseploria oiyzae Miyake. 
SpUaerelia iM yiospbaerella) malineer 
niaiia Call. 

Sphae rone Ilia oiyzae Miyake. 

^Sphaeropi is japoniemn Miv ake. 

,, oiyzae Mivake. 
Sporotiiehum sp. 

Trii Jionis caudata. 


(41 Rotation of crop 'as the elTect of different 
diseases is cumulative especially in the case of those 
fiuiRi that attack the under-i’round parts or incserve 
their spores in the .soil, rotation of croii is a most use- 
ful means of checking the renewed attack of such 
di.seases. 

(5) Raising of seeds — seed grains should not be 
raised at random. It is iietter tliat a certain area 
should be .set apart for tlie puriiose and greater atten- 
tion should be paid for maintaining healthy conditions 
of the plants and their disease-freeiiess. 

(6) Sterilization of seeds — grains that are meant 
for sowing should be sterilised to check the secd- 
lH>rne diseases before sowing. Treatment with 2 per 
Cent copiier siilidiate solution or ’3 per cent .solution of 
commercial formalin in water for 10 to 15 minutes 
has been found beneficial in some cases. In both the 
cases the seeds should be (luickly dried after the 
treatment is o' er and sown as soon as possible since 
both of them cause germination injury on storage. 
In case of treatment uitli copper sulphate solution, 
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PROTOZOA IN RELATION TO SEWAGE PURIFICATION 
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TN a previous coiiiinimicalioiP, home direct evitlence 
■ oil the outstanding role of inoto/oa in the puri- 
licatiou of sewage was adduced. It was also clearly 
shown that the part played hy bacteria in the i»urifi- 
cation i)rocess is relatively inconsiderable. The 
object of the i>resent note is to draw attention to 
the more important forms of proto/oa that are res- 
ponsilile for sewage purification in all aerobic 
systems, including soil, as revealed by our studies 
extending over a period of seven years. 

Ill Sei»teinber, ig.v'', when a new activated 
sludge installation (dealing with tlie sewage from a 
population of S,oog — io,ooo) was taken inb) opera- 
tion at Cossipore, Calcutta, a very significant obser- 
vation was made bearing on the special forms of 
proto/oa in the flocculati<}n of sewage and formation 
of activated sludge : viz., that the production of an 
efTcctive sludge and its characteristic clotting and 
clarifying action was closely correlated with the 
development and dominance of Vorticellids, more 
especially the colonial forms, although in the earlier 
j-tages of. the working of the new’ plant the protozoan 
fauna included a number of bjiins, sucli as tlie species 
of .Imoehit, hlulih'iui, ( ionostoniuni , Colf^odn, Acincin, 
Siylonicliin and l*i\ramccinmr P'xperiments carried 
out with the species of Collnnia, Stylonichia, luini- 
iiicrium, W)rlici’Ua and Et^isiylis isolated from the 
sludge showed that lit^istylis was the most efficient 
among the tirotozoa in the flocculation and oxidation 
prcK'esses. Comparing on a numerical liasis, Epistylis 
was found twice as efficient as the simple I'orticvlhi, 
while the other foinis of proto/oa were less efficient. 
T'lie amounts of sludge formed by Upistylis, V'orli- 
cella, Paramecium, Stylonichia, and Colpoda were 
5’-. 2 * 5 , J O, rS and i j per cents respectively ; the 
corresponding amounts of sludge produced by the 
associated bacteria singly and collectively were 0 4 
to o ’ 5 and o‘S per cents re.spectively. The sludge 
forming property of the different forms also served 
to denote tlie degree of purity of the elllueiits 
produced.^' ^ 

The daily observations carried out by us during 
the last seven years (with the exception of a few 
<lays) on the i)rotozoan i)opulation of activated sludge: 
have clearly shown that the most important forms 
•We the colonial Vorticellids, more especially the 
.genus, EEistylis of which some nine species have 
been isolated. The logarithm of the Epistylis count 
closely follows the efficiency of the purification 
process, as measured l)y the purity of effluents and 
the quality of sludges produced. Recent observa- 


tion.*^ at lludderslicld would furllier confirm the 
si)ecial significance of X’orticella.^ 

The following «)bservalions would show that the 
high nitrogen content and the fertilizing action of 
actixated sludge is largely due to its protozoan 
content. 
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Pol trials with the protozoan material and 
activated sludge (on eipial nitrogen basis) were carried 
out with tomatoes and Erench lieans. The growth 
of plants and yields obtained from the two series 
were ('oinparable. The yields fiom the protozoan 
sericN were in fact a little higher than those from 
tile activated sludge. 

It has already been iviHirted that about So ])er 
Cent of the total nitrification in activated sludge 
takes [dace in ])reseiice of Epistylis.' 'riie extent t)f 
nitrification l)y the bacteria in activated sludge (a 
number of bacterial forms showing some nitrifying 
I'ower have been isolated on nutrient agar! is c«)m- 
paratively very little. Further observations ha\e 
shown that there is a definite relationship between 
the flocculation of sewage and nilrificati»m in the 
sludge formed, both the processes being profoundly 
influenced by the protozoa. During flocculation, the 
I roiozoan numbers steadily increase aiul attain their 
maximum at the clotting out stage, and it is at this 
stage that the percentage of nitrogen in the sludge is 
highest. As the protozoa actively grow they .secrete 
a slimy or mucilaginous substance, but it has not .so 
far been ])o.s.sible to denioiistrate any direct relation 
between the slime and the flocculating action asso- 
ciated with the protozoa ; if the protozoa are in- 
activated or killed by heat or chemicals, the produc- 
tion of the slime or mucilage is also adversely affected 
and together with it the fhicculating action. Normally, 

I'luffy luasseN of Kpislylis sp. originally lakeii from 
the sides of ihe aeration tanks and waslu-il repealedlx with 
aininonia-free distilleil water. 
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aflur flocciilalioii, ihcru a fall in the iiunihers of 
active i)n)to/oa and nitrification is then actively 
liroiiioted. When air is hiibbled throURh suspensions 
of washed Mpistylis in aininonia-free distilled water, 
nitrite and nitrite are formed in (|nantities, which 
are coini)arabk' (on the basis of protozoan lunnbers) 
to those proilucetl in activated sludge. Parallel 
studies with treated protozoa (well crushed with glass 
powder or healed to about 5o^C. so as to inactivate 
or kill them) also show that nitrification is not 
impaired by such treatments. 

The main factors governing the normal deve- 
lopment and activity of the protozoa are adeipiate 
sujiplies of air and fresh organic matter (as repre- 
sented by raw sewage), rnder conditions of in- 
adecpiate aeration, the protozoa die and the sludge 
becomes lilltd with gases, so that ‘bulking* is caused. 
If, on the other hand, the air supply is dispropor- 
tionately excessive and the suiiply of organic matter 
is insufficient, the iirotozoan cells begin to disinte- 
grate ; the sludge becomes dark brown or blackish, 
showing a ‘burnt’ condition. This iihenomenon is 
traceable to an oxidase (catechol oxidase) tiresent in 
the protozoa and released through the disintegration 
of the cells. 

Thus, in the light of the iiroto/oan activity, 
practically all the proi>erties of activated sludge, such 
as its flocculating, nitrifying and fertilizing action, 
may be adetpiately explained. The phenomena of 
‘bulking* and the formation of ‘burnt* sludge are also 
intimately connected with the life of the protozoa. 
The problem of dewatering activated sludge is also 
closely linked with the i)liysical condition of the 
protozoan cells which are extremely slimy and 
mucu.s-like and hold large (piantities of water. 

It has also been observed that the efficiency of 
other aerobic systems of Sewage treatment, such as 
the simplex surface aeration plants, depends upon 
tin. extent to which the special forms of protozoa 
develop. 

In the slitdge.s fx>rmed under ajiaer(d)ic conditions, 
Midi as the septic sludge, the more important pro- 
tozoa exist in the form of cy.sts or sjKires. In some 
of the other older methods of .sewage treatment, at 
certain stages of the purification process, some of 
these protozoa naturally develop. Jlefore the advent 
of the activated sludge process, at Manche.sler the 
l»rocess .'idopled for treating the sewage was .sedi- 
mentation, followed by further purification of the 
diluent on first and second ‘contact bacteria beds*. 
In the effluents from the Withington Works as also 
v\t the base of w secondary tiercolating filter at 
.Davyhuhue deahng with the effluent from jirimary 
contact beds, considerable growths of C'arcltr.siMHi 
Lachniauni and one of the higher bacteria, ris., 
1 .epiotuihts Uirtcus were noticed (Carchcsiuin abound- 


ing chiefly in warm weather and Leptoniitus in the 
winter months).^ The exiierimcnts carried out at 
the Lawrence Experiment vStation prior to the deve- 
lopment of the Activated vSludgc process by Fowler 
and his associates are al.so of special interest in this 
connection. When an aerating tank containing 
slabs of slate was pul into operation, it was observed 
that the slate and the sides of the tank became 
covered wilb a compact brown growth and that this 
growth collected not only the suspended matters but 
also a large portion of the colloids, so that, after a 
few hours of treatment the sewage beeamc free from 
both. A repetition of the original experiment would 
I»robably show that the compact brown growth was. 
predominantly due to protozoa. 

We have traced the origin of the VMirtieellids in 
the sewage tanks and have found that they are 
derived from soil. The simple and Cf>lonial Vorti- 
cellids are widely distributed in nature — in polluted 
and stagnant waters, tanks, rivers, canals, i)onds, 
j)ools, paddy fields, etc. Samples of water from 
these sources containing the large ciliates, parti- 
cularly the X’orticellids (the development of which is 
largely dettrmiiied l)y the amount of organic matter 
and the extent of air supply), have invariably shown 
considerable amounts of nitrite and nitrate. In dry 
soil, the vorlicellids exist in the form of cysts, and 
under conditions of waterlogging they becoine active. 
In fact, since the invention of the microscope, the 
very first protozoa described by Leeuwenhoek” was 
a si)ecies of Vorficclla, which he had- seen in standing 
rain-water in 1675. 

Kven under conditions of land treatment of 
.sewage, if |)rovi.sion for proi)er aeration is made b> 
means of suitable diains etc., the protozoa naturally 
become active and cause purification. In fact, in 
certain sewage farms in South India (c.g., Madurai 
maintained under such proper conditions, a number 
of .species of xorticellids (more c.spccially of Kpistylis 
and i urchesium) have been found to flourish 
tliroiighoul the year to purify the sewage and to pro- 
duce very .satisfactory effluents comparable to thosi? 
from tile activated sludge tanks. Along with these 
protozoa have been found to thrive a variety of 
higher forms of life, such as worms, insect larvae and 
fish life (some of them well-known siiecies of edible 
fish). The natural development of the different 
forms of life in the sewage effluent channels jirovides 
an excellent illustration of the nitrogen cycle in 
which the newly discovered link of protozoa appears 
to be of basic importance. 

It may be concluded from the above observations 
that the vorlicellids, more especially the colonial 
forms, are most important in the purification of 
sewage in all aerobic systems, including w'cll aerated 
soils. The observations are of further considerable 
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importance in intnxlucing an entirely new outlook 
with regard to the role of protozoa in nature.*’* 
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IFlotes anb IRews 


U.N.R.R.A. MISSION IN INDIA 

Thk recent arrival in India of the United 
.Nations Relief and Rehabilitation Administration 
(U.N.R.R.A.) .Mission has been announced in the 
Press. The object of the ^lission’s visit to India, as 
e.xplaiiied l)y Mr Francis b. tsayre, head of the 
Mission and Diplomatic Adviser of the U.N.R.R.A., 
at a press conference, is to ascertain, after consul- 
tation with ('rovernnient officials, the maxiimnn help 
India can render towards meeting human needs in 
tile lil’.erated territories without injury to her own 
people or to her own economy. Mr vSayre was very 
kind to have assured the Indian public that the 
Mission had no thought of taking from India goods 
or food.stiiffs badly needed by the Indian pe(»i»lc 
themselves. She will be requiretl to suiplv sucli 
surplus goods as she produces beyond her needs, 
and further, in the manner of their procurement, 
the ('lovernment of India shall follow ordinary and 
normal channels. 

We are not aware what items have been projuised 
lor inclusion in the list of supply from India to the 
hh.erated ctmnlries of luirope. That cloth may form 
an important item in the list now- appears almost 
heilnile, if the statement given at Karachi by a 
niemlx-r of the Australian delegation to WN.U.R.A., 
iceenlly passing tlirough Karachi on its way to 
Ihiropc, is to be Vielieved. The ways with our ('.ov- 
enmienl have always been an enigma to us. Acute 
shortage of cloth is reported from Bengal and otlier 
proxinoes of India, and there have been during recent 
months several cases of open demonstrations of large 
number of naked and semi-naked men and women 
hi many district and ninflusil tovvn.s. A number of 
‘'Uicido cases, involving mostly w'omeii w’ho conki 
S 


not come out in the open for waul of clothes which 
api)eared in the daily press, leave no doubt as to the 
extremely serious nature of the i»roblem of clolli 
supply. So far slightest iniprovemenl in the cloth 
Mt nation has not been reported from any part of the 
country. It is very strange indeed that supply of 
cloth from India as a surplus good shtjuld be sug- 
gested at a time when acute cloth famine is driving 
exasiKirated and harassed people to commit suicide 
as the last solution. 

We are full of sympathy for the war weary and 
opju'essed i)eoi)les of Kuroi)e, long victims of Nazi 
tyranny. They are urgently in uet‘d of relief on an 
extensive scale, and the impelling call of humanity 
leciuires that all c'ountnes, hig or small, should rush 
whatever help they are capable of rendering. The 
noble nature of the task of i)ooling supplies from all 
the united nations and organizing relief, with which 
the r.X.R.R.A. has been entrusted, cannot be called 
ill (jueslion for a moment. But the same organiza- 
tion, it might be recalled, at first refused, and then 
hesitated, to have anything to do with the Bengal 
B amine which took a toll of human lives far in 
excess of what have been killed in the whole Euro- 
pean theatre of war. I,egal qiiestion as to whether 
such a famine ctndd come within the sccqie of the 
U.N.R.R.A., and not loss of valuable human lives 
ill thousands through starvation, was foremost in 
ihe thoughts of the Administration when it was 
approached for succour and relief. 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH 
FELLOWSHIPS 

W’k are much indebted to the National Institute 
of Sciences, pnrticnlfirly to Mr D. \. W adia, I'resi- 
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(lent of the Institute, for having kindly informed ns 
<»f an offer of a number of Research Kellow.ships by 
the Imperial Chemical Industries to the National 
Institute of Sciences, India. A sum of Rs. .^,;^6.ooo 
has been made a\ailal)le for Fello\vshii)s in 
ciieinistrv, physics, and biology, to be created 
at Indian iiiiiversities and institutions approved l»y 
the Council of the Institute, over a i)eri()d of five 
lo seven years. In his letter to the President of the 
Institute, Lord Me (Iowan, Chairman of the Im- 
perial Lheiiiical Industries, explained the object 
whii'Ii prompted the olTer of Felhnvships in the 
following words: 

"'riie Nulioiial In^tillUc of vSeiinces is, we helieve, 
ilesliiied to play in India a part similar to that whidi the 
kc»yal Society of Poiidoii has ])errorined for ne.irlv three 
huiidreil yeiir-^ in le.iding the ‘‘cientith* progress of thi-^ 
eon n try. 

The Koval Societv iiiilil recent veais was hainperetl hy 
lack of funds and ]irovision f<»r the maintenance of scientilic 
workers. This diliicnlty was eventually oven'ome hy the 
generosity of various henefactors, ineluding ImhisiriaHsl'. 
such as Mond and Messel. 

We thought, therefore, that there could he no better 
way «»f encouraging the advance of science in Imlia and with 
it the getieral prosperity of the country than l)y the oiler of 
these I'ellovvships which under the wise a<imiiiistrntion <»f 
your CouiK'il will, we hope, lea<l to an angmentatioti of the 
disliiigui-nhed successes in seience already ntlainetl hy 
many of y(>iir fellow comilrymcn.” 

These lines breathe the same spirit and concern 
for the promotion of fundamental resetirch as charae- 
teri/.ed the 1 . C. I.*s similar offer of eighty research 
fellowships at nine universities in Creat Britain, re- 
pm'ted in an earlier issue of this journal (Sciknck 
'NO Cvi/i'VKU, Vol. X, No. 5). This time, by making 
the offer to Indian universities and institutes, the 
I.C.I. has given fitting recognition to tlie internatiimal 
character of science. 

Following is the text of the document to the 
President of the National Institute of Sciences, in- 
dicating the terms of reference under which the 
l'ellowshii»s are created : 

(i) Kach fellowship to l)e worth doo rui)ees per 
month and to be tenable in the first instanee 
for two years, with a possibility of exten- 
sion u]) to a total of three years. (It is 
assumed that half the fellowships will be 
extended for a third year). 

In addithm there will be a grant for re- 
search expenses to be made to the fellow - 
.ship holders according to tlieir needs of 
special apparatus and materials. For this 
purpOvSe the National Institute will liave at 
their disposal an average of ^00 rui)ees i)er 
annum for each fellowship. 

(.U Tlure will be a grant of i.^,?oo rupees per 
year to the National Institute for five years 
to eiiabh' them lo pay for administration 


and the travelling expenses of such fellows 
of the Institute as may he selected to visit 
the fellowship holders at their Ihiiversities 
or Institutions. 

The National Institute of Sciences is asked lo 
administer the fund for the fellowships on the follow - 
ing principles : 

(i) Appointment lo and control of the fellow - 
shills to be made hy the Council of the 
National Institute, acting on the advice of 
of a special research fellowships com- 
mittee. 

(:) This special research fellow sliips committee 
will represent various scientific fields and 
be drawn from various parts of India, so 
as lo iiu'liide any eonmmiiity, the over- 
riding consideration for nieiiibership being 
scientific fitness therefor. 

(,U Tile fellowshijis will be open to persons, 
irrespective of sex, race or religion, resi- 
dent or domiciled in India (British liuliii 
or the States) and under ;^5 years of age. 

(.1) The felloWvShips will be tenable at anv 
I'niversity or Institution in India, iipproNed 
by the Council of the Nalif)nal Tnsliliite. 

(5) Fellows will be permitted to do a limited 
amount of approved teaching or demon- 
strating. 'riiis should not be more tlian 
six hours i)er week and it should be a 
coiulilion that they are paid for lliis work 
by the Institution or rniversily at its 
normal rates. 

(()) The aim of the fellowships is to sireiigllieii 
research in Indian Fni\ersilies and Instiiu- 
tioiis, and it is hoped that the National 
Institute of vScieiices will sjiiead the 
research fellowships over tliem in accord- 
ance with this aim, but with the owi- 
riding consideration of the scientific suit- 
ability of tlie particular rniveisity or 
Institution. 

ECLIPSE OF JULY 9 

Bkisk activities of professional and amateur 
astronomers were reported from the Scandinavian 
countries, the U.vS.S.R., and the I'.S.A. on the oc- 
casion of the solar eclipse of July (.;. A total eclipse 
was observed from a narrow belt on the earth’s 
surface, passing through Idaho and Montana in the 
U.vS.A., Saskatchewan and Manitoba in Canada, 
(ireenland, Norway, vSwedeii and Finland and lastl>’ 
through many well-populated regions in the T.S.S.R- 
In Idaho, the eclipse started with the sun rise ; mid- 
totality occurred near noon at a place, called vSeoreshy 
Sound, on the east coast of Greenland, where tlic 
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duration of the eclipse was the longest (i min. 
lb sec.), as already calculated by the Nautical 
Almanac office of the U. S. Naval Observatory. In 
Turkistan, the sun set k^ilally eclipsed. The total 
duration of the eclipse- was about 2 hours and 
27 minutes from the lime the sun rose eclipsed in 
Idaho until it set eclipsed in Turkistan. 

The maximum duration of totality, l)eing only 
aiiout I minute and t 6 seconds, was much shorter 
than the duration of average total eclijjses, which is 
between 2 to 3 minutes. The path of tlic eclip.se was 
also narrow'er this time, hut favourable weather 
conditions in July and the advantage of an extensive 
land area over which the l)alh was diie to pass made 
the occasion specially important for the study of sidar 
problems during eclii)se. Several astronomical parties 
were reported to liav'e been organized in Norway, 
Sweden, T.vS.S.K. and I’.vS.A. A number of i>rob- 
leins outlined by Prof. Hertil Idndblad of the 
Stockholm Observatory were invesligatetl. The 
results of investigation carried out by these parties 
are not yet to hand. 

SUPERNOVA IN CANES VENATICl 

vSkv \M) Tia.KSConK (June 1045) I'cports the di.s- 
covery of a Mtpernova in the constellation of Canes 
\‘eiiatici on April 6th and 7th by Mr !M. L. Huma.son 
of the Motint Wilson Observatory. For the last 
three years, Mr Humasou was trying to observe and 
photograph the Satellite spiral and Messier 51, the 
famous spiral nebula, without success. On the even- 
ing of April 6, while he was preparing to photograph 
the satellite, his attention was attracted to a faint 
>tar, not known before, and he suspected it to be a 
new star. He at once settled his doubts by obtaining 
its spectrum the following evening and confirmed the 
existence of strong bands in the red region, charac- 
teristic of superiiovae about 65 days past their 
maximum brilliancy. On April 12, its photographic 
and photovisual magnitudes were t6’o and 140 rcs- 
pectively, its estimated lihotograpliic maximum 
l)eing 11*0. 

It was a chance discovery. The star was fading 
ia]>idly that a few weeks later the observer would 
have completely missed it. Mr Humasou stated he 
nas lucky enough to have had M 51 down on his 
ohserving programme. The special significance 
attaching to its discovery may be realized from the 
• ai't that suiiernova api:)ears in a si)iral nelnda once 
•11 every 400 years. 

POPULATION IN INDIA AND U. K. 

vSiR Jeremy Raisman, late Finance Member of 
Government of India, in a statement to the 
keutcr’s Special Correspondent in London, said that 


regulation of the Indian population was of greater 
importance than planning to house, clothe and feed 
those already living. Population in India is increas- 
ing at the rate of 50, coo, 00 annually (and not 
Tn,(.o:>,coo as staled by J>ir Jeremy) and it is im- 
pos.<ible to juit into operation plans for belter 
feeding and housing. He has suggested the esta- 
blishment of a net-work ot clinics throughout 
the country at which Indian men and women 
can be trained in the scientific methods of 
birth regulation and where they can receive advice 
on this subject. Such a social service should be 
si)onsored by the Government of India, b\it Sir Jeremy 
was very doubtful as to whether any (hnermnent 
would be willing to face the criticism that wt)uld 
arise from religions and social organizations. 

As a contrast to this, Hrilain^s alarming decline 
in birth rale is revealed by the Royal Conimissinn 
oil population a^ipointed last year. In 1930, birth 
rate in Ihitain readied its lowest level of 14 9 per 
1,000. An increase in the rate is miliced from ig.p, 
and while it is expected that it will continue to rise 
in the next five years, ‘there will have to be definite 
measures for encouraging larger families’. Cou])les 
in Pritain, however, will not have larger families 
without being reasonably certain that the children 
will have a good education and decent living. Grant 
of family allowances, improved health and child 
welfare facilities, i>riority hoiisitig for large families, 
and similar other social services are the remedies 
suggested by the Population Commission in Hrilain. 

HrilaiiPs poi)ulalk)ii has been falling steadily 
over the la.sl 75 years and if the jjopnlation trends 
are not reversed within the next 30 years, she wouhl 
no longer rank as a first class military and economic 
pow er. 

The problem of poi)ulaticm is thus a vexed and 
'I controversial subject, and it cannot be lightly dis- 
missed with by those concerned with planning for 
better health and nutrition of India’s poimlation. 

The ^lalthusian thesis viz., that whereas iH)j)U- 
lalion increa.scs by geoinelricnl progression, food 
production can increa.se onl\- b\' arithmetical pro- 
gression, has been fal.silieil. The gni w tli of popula- 
tion in Western countries has slackened, but Ihe 
application of scientific methods to agriculture has 
eiiorinou.sly increased food production, iixperts in 
India would find it difficult to share vSir Jeremy’s 
conclusions. 

VILLAGE INDUSTRIALIZATION 

The All-India Manufacturers’ Organization has 
recently issued a pamphlet entitled ‘Village 
Industrialization* by Sir M. Visvesvaraya, President 
of the Organization. In this pamphlet, Sir Visve- 
svaraya has come forward with a scheme for deve- 
loping industries in the rural areas by suitably group- 
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ing villages. The author believes that, in any pro- 
gramme of rural ui>lift, developmeiil of industries 
should occupy the foremost i)lace. This should not 
Ihj interpreted as any reflection upon the importance 
of progress in agriculture, communications or other 
developments ; industries are suggested first ‘because 
wliatever gainful activities have to be promoted will 
re(|uire mone\ and talent’, which planned indus- 
iriali/ation can alone create. 

Two basic measures liave been suggested. The 
first measure consists in grouping villages together so 
that the area and pojmlation of each group may form 
a convenient working unit. On an average, ten 
N'illagcs with a population of about 15,000, should 
form such a unit, and each village group should be 
treated as an independent self-developing area. 

The second measure is to constitute a committee 
of about a dozen representative citizens in each unit, 
to be elected annually by the populati<)n of the 
\illage group, and having a term of service not ex- 
ceeding three years. The Committee will be rcsjxm- 
sible for the industrial lU’ogress of the village group, 
and its various subsidiary activities shall include 
supervision and regulation of agricultural imxluc- 
tion, conservation of a couple of years* food supply, 
education, both elementary and vocational, etc. 

The .scheme places great emphasis on the collec- 
tion and maintenance of statistics. It proi.)oses to 
maintain statistics of income and publish annually 
a reliable estimate of the per capila income. It fur- 
ther seeks to increase income of the rural population, 
double production from agriculture and industries in 
li\'e to seven year.^, and to ensure two years* food 
Mi])ply. Hut the fundamental aim of the plan is to 
instil in the leaders and the more jntelligeiit sections 
of the population a spirit of enterprise and social 
service, now almost rare (pialities among such folk. 

The .sclieme is rejiorled to be working on an ex- 
perimeiital basis in a number of jdaces of the country, 
'rile proposition for rural uplift through village in- 
(lustrialization rests on sound principle, and it is very 
desirable that the scheme prepared by no less an 
expert than isir X’isvesvaraya should be closely 
studied and put into operation. 

INDIAN INSTITUTE OF SCIENCE 

Presiding j)ver the Fighth Annual Meeting of 
the Court of the Indian Institute of Science, Banga- 
lore, on July 2 last. Sir X’isvesvaraya said, “The 
oi)ject of this Institute, according to responsible 
opinion recorded in the past, was to help industries 
b\’ i)roviding them with the applied research which 
they need’*, ilut for a long time attention given to 
industrial research was scanty, and it is only within 
the past* four > cars tlwil such wf)rk ha.s been carried 


out mainly for war work and under instructions from 
the Supply Department. 

In 1939, the Institute had four departments viz., 
(leneral and Applied Chemistry, Bio-cheniistry, 
Physics and Electrical Technology. The department 
of Cosmic Ray was added in 1942 and a department 
of Aeronautical Engineering started in 1943. During 
the current year, work in the departments of metal- 
lurgy, automobile engineering and internal combus- 
tion engines is expected to commence. 

The creation of a new section viz.. Industrial 
Relations Department, for contacting research with 
industries is suggested by Sir M. Visvesvaraya. The 
Joint Cominittoc of the Court and Council already in 
existence has helped to give industrial research 
greater prominence in the normal working of the 
Institute, consistent with the objects of the original 
founder. 

Under research in fundamental science during 
the year under review attention is drawn to the 
claims .made by vSir C. V. Raman and Dr R. >S. 
Krishiian Mn the disco\'cry of the Raman spectra of 
the second order in diamonds, fpiartz, caldle and 
other crystals*. In the Cosmic Ray unit. Dr Bhablui 
carried out experiments for measuring intensities of 
mesons cai>able of penetrating different thicknesses 
of lead uj) to an altitude of 32,000 ft. It is stated 
that .six difTerent ])ieces of apparatus were sent up, 
the total weight of which was no less than half a 
ton, in a liberator bomber supplied by the courtesy 
of the United Stales Army Air Force from the 
Hindusthan Aircraft h'actory. 

The receipts and expenditure in 10 / 14-45 
amounted to Rs. "'21 lakhs (excluding grants fnmi 
outside authorities lor special services) and Rs. 1 2 
lakhs respectively. This shows that the Institute ba^' 
been spending more than it is receiving. Of tlu 
ainoiiiit .spent, approximately one-third is on tecbiif)- 
logical instruction, one-third on industrial resean'li 
and the remaining third on all the other classes of 
work. If the affairs of the Institute is to be placL<l 
on a satisfactory footing, a ca[)ital grant of Rs. 
lakhs spread over for five years, with an additional 
recurring grant of Rs. 5 lakhs i>er annum, is needed. 

A Committee has been appointed with Prof. M. 
N. Saha as Chairman, and Mr M. S. Thacker of the 
Calcutta Electric Supply Corporation, Mr II. M 
Mathews, the Electrical Commissioner of the Uo\- 
ernment of India, and Mr \V. L. V^iordiiin, ^leinbcr 
of the Central Power Board, to draw' up a syllabus 
and estimates for a post-graduate course in all 
branches of powder engineering. 

Sir Visvesvaraya recognizes that an effort i»> 
make a very large i>roportion of the student popiibi' 
tion familiar w'ith engineering research and with 
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iiiachine tools and machinery will at present cons- 
litutc the most important part of the nation bnildinj* 
activity in India. Need of inovision for research in 
lieavy engineering and machine design in the fiilnre 
work of the institute is als<» emphasized. 


MICRO-WAVES IN LONG DISTANCE TRANSMISSION 

Thk American Telephone and 'rdegraph Coni- 
I any, according to a report f)f the Science Seies 
Letter, has recently undertaken to carry out elaborate 
tests to determine the efficiency and economy of 
micro-wave radio relay for long distance tele])lione 
transmission and for sound and television broadcast 
I'rogramnies. The advantages of recejdioii in the 
micro-wave region of tlie radif) spectrum are well- 
known. The reception is almost free from static oi 
fading, and since the highly directive antennae can 
concentrate the energy in a narrow beam, the signal 
strength is considerably increased. Kurthermore, 
tile micro-waves do not travel inuch beyond the 
horizon and thus jierniit the same set of fre<tiiencies 
being used over and over again at alternate relay 
stations. 

The company has tdamied to construct seven 
lelay stations, consisting of transmitters and receivers 
eonnecteil to highly directive antenna systems. 
Radio waves will be picked up and amplified at each 
station and transmitted on to the next where the 
process will be duplicated until a terminal is reached, 
'file terminal stations will be at New York and 
boston. Sites lor the relay stations, chosen for their 
elevation, will lie between .ys.S ft. to 1305 ft. above 
sea level. 

The Company has already a])t)lied to the I'ederal 
Coininunications Commission to authorize the cons- 
irnction of the stations. If the experiments prove 
Miccessful and suggest cf)inmercial exploitation of 
tile new system, micro-wave method of transmission 
may eventually have to be connected with the exist- 
ing system of transmission over wires and cables and 
\\ill doul'Aless ] rove a \aiuable supplement. 


CENTRAL LIVESTOCK RESEARCH AND CATTLE 
BREEDING STATION IN BENGAL 

A SLiiHMK for the establishment of a central 
livestock rcsearch-cuni-breeding station at Harin- 
-liata, about 35 miles north-cast of Cal^'Utta, has been 
‘‘Pl'ioyed by the Ilengal (h)vernnient, on the recoin 
•neiidations of the three New Zealand experts who 
^^^ re invited by the authorities to review the detevio- 
lating cattle liosition in the province. The scheme 
'"»uld involve acquisition of about 5 ,otX) acres of land 
mnl a total expenditure of Rs. 54,00,000. 

9 


'rile proposed institution will investigate local 
problems of breeding and produce pedigree bulls f<»i 
siipjdy throughout the province to improve the cattle. 

It is to be noted that breeding is not the only 
cs.sential part of a programme for the inii>rovemenl 
of cattle. Troper feeding, feeding with green fodder, 
and climate are verv imi)oitanl factors. The varied 
climatic and edaphic factors in Bengal necessit.ites 
the establishment of cattle breeding farms in repre- 
sentative i)arts of the province to evolve iini>roved 
breeds suitable for each i^art. The Haringhata 
scheme is an e.s.seiitial lust step to an\' elTective plan 
for permanent iinpnjveineiit in the milk suiqdy of 
the province. 

RETIREMENT OF SIR CLAUDE INGLIS, Kt., C.I.E. 

The retirement from l ooiia in March last of vSir 
Claude liiglis, Kt., C.I.K., B.A., B.A.l. (lions.), 
M.Inst.C.K., M.Ani., S<jc. LM*. , I.S.b'., Director, 
Indian \\’aterwa>s b‘xperiment vStation, marks the 
close of a gifted scientist’s career in this conntr\ . 

Sir Claude came out to India in i ()<)'> and was 
appointed to Jainrao Canal in Sind (Bombay Presi- 
tlency from where he was soon transferred to the 
Bombay Deccan to introduce some of the Sind 
methods on the (lodavari and I'ravera Canals. 

When the vS])ecial Iriigati»)n District (later the 
Special Irrigation Division and then the Irrigation 
Research luvision) was formed in 101 b, Sir Claude 
was placed in charge of the new District to undertake 
st»il surveys and investigate the cause t)f the damage 
and institute remedial measures «)n the water 
)i gging and salt efflorescence which had followcil in 
the wake of canal irrigation in the Deccan. 

.\ hydrodynamic research station first of its 
kind in India — was o[>ened at Booiia in iq>t) and Sir 
Llande was appointed here to carry out research work 
on the Cf>ntrol of irrigation water snjiplies on Deccan 
canals. In 10^7, isir Claude was appointed to the 
Directorshit) of this station established as a Central 
Station for the whole of India. 

In 1043, Sir Claude served as a ineinbci of the 
Technical Conunittee a]>i)ointed by the ('lovernment 
of India to advise on the short-term ineaMin; — in the 
intere-t of the war elTorl for the Damodar embank- 
ment. He was also appointeil a member of the 
Damodar B'lood f'ontrol Connnitlee of the Bengal 
('lovernineiit to advise on the permanent measures to 
control floods in the Damodar Ri\er and on the 
utility of the sclu ine for flood regulating reservoirs 
pret>ared by Mr C. Addains Williams and Mr K. D. 
Class in 1020. 

Sir Claude also served on several other Advisory 
Committees and was a member of the Central Board 
of Irrigation Research Committee since its inception. 
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lie made notable contributions to the literature 
of eiii’ineerini' science, specially on the subjects of 
river physics, and, while prcsidin^>: over the en^inecr- 
inj^ section of the Indian Se'icncc Congress in TQ41, 
delivered an address on “Hydro-dynamic Alodels as 
an aid to Kngiiiecrinfi; vSkill”. 

Scientists in India will remember his services in 
the furllierance of the science of river engineering 
and for the establishment of the Indian Waterways 
ICxperimeiit Station at l\)ona. 

With the retirement of vSir Claude Inglis, Rao 
Bahadur D. V. Joglekar has been ai)pointed to 
officiate as Director, Indian Waterways I?xperiment 
Station, Poona. 


LIVING FOSSILS 

M\ny common American trees sycamore, 

oak, elm, willow, beech, tulip-tree and others, found 
in the cretaceous and that are j)ractically unchanged 
to the present time, are referred to as “living fossils’* 
by 1). H. Campbell (Science, vSeptember i, Tg44). 
Such conservatism in the land plants is obvious when 


their fossil history is explored. Although fossil 
record in the southern continent is incomplete, there 
are strong evidences to suggest that the fossils are 
closely related to the existing species of the same 
area and that those of the temperate zones of North 
and South America are essentially different. This 
essential difference in the temperate flora of the two 
continents and the fact that most of the existing 
forms can be traced back to the enc^ of the Mesozoic 
era is a strong confirmation of the recent theory of 
Du Toil that there were two primordial continents, 
Ciondwana and Daurasia. According to him, the two 
Ijrimorilial cf)ntincnts remained completely separated 
until the end of the Mesozoic, when Oondwana was 
divided into the present southern continents which 
drifted ajiart to their present positions, carrying with 
them many of the unchanged descendents of the 
original Hondwana flora. The existing remnants of 
the (londwana flora occur in regions .separated l)v 
vast expan.ses of the ocean. 

According to Dr Campbell, Du Toit’s theory of 
continental drift is the only plausible explanation of 
the present distribution of plants, specially in the 
southern hemisphere. 


SCIENCE IN INDUSTRY 


“GAMMEXANE”— A NEW BRITISH INSECTICIDE 

Tuk fact that the sni)ply of derris and ]>yrethrum 
is limited and their method of production is expen- 
sive led Imperial Chemical Industries to search for 
new chemicals easily synthesized and with as effec- 
tive insecticidal properties as pyrethrins and rotenone. 
As a result of their investigations extending over a 
period of five years a powerful new insecticide has 
been found in benzene hexachloride. This comi>ound 
“ganimexane” (technically called hbb) known since 
the day of h'araday (Annnlcn dcr clicniie, 2, .174) 
is the gamma isomer of benzene hexachloride C,.,H,. 
Cl,; and has been found to possess outstanding in- 
secticidal properties. It is made by the additive 
chlorination of ])cnzene in the inx'sence c»f light 
(J. Meunier. ComM- l^cnd ijS, ; R. Schilpphaus. 
/hT, / 7 , .>256). 

Although the physiological action of benzene, 
and the alterations which occur in its action when 
one or more hydn»gen atoms are replaced by halogens, 
hydroxyl, nitro or amino group had been studied 
as early as i8gi (T. D. Buriiton and J. T. Cash, 
Proc, Poy. Soc. 49, 311, iSgi), it was only in 1942 
that the insecticidal properties of benzene hexa- 


chloride were discovered in the course of the searcli 
for a substitute for derris. During the summer of 
i()43 some hundreds of tons of flea-beetle powder 
containing gamine, .ane were used as insecticide and 
were found at least as effective as derris. 

The next stage in the development originated 
in the observation that the activity of sample^ of 
crude benzene hexachloride varied and this led to 
the discovery that the isomers varied considerably in 
their activity. It was later found that the ieall> 
active constituent is the gamma isomer which i> 
present in the crude benzene hexachloride to the 
extent of 10-20%. (v'sClKNCK AM.) CUI.TURIC, /<>, 311 !• 

Wnious /.vmncr.v. -Meunier (Compi. Rend i)S, 43^, 
itStSi) showed that benzene hexachloride contains 
two isomers, the alpha isomer having a melting point 
i57°C. and the beta isomer which had a much higher 
melting point. In 1912, T. Van Der Linden. (Per 
45 > 231, igi2), proved the existence of four isomers, 
having the following melting points. 

Alpha isomer melting at isS^C., Beta melting 
over 2oo^C., Camma at ii2-ii3^C. and Delta from 
129 to T32°C. 



August, 1945 


SCIKNCK IN INDUSTRY 


83 


Stability. — Beir/ene hexaclilorides are fairly 
stable. During the luaiuifacturing ])r()cesscs they are 
exposed to llic action of light and hot water. Kveii 
the continued exi)osure to atmosi)heie has no elTect 
on them. Alkalis like lime water can remove from 
ben/ene hexachloride, hydrochloric acid with the 
formation of a mixture of isomers of trichlondjcnzcne. 
This action may also be brought about by mixing 
ganimcxane with dry lime. Chalk or ground lime 
htone at 6o°C. either dry or in presence of water does 
not bring about dehydrochlorination of benzene- 
hexachloride. 

Pharmacological action. — 'I'lic results of the 
pharmacological action of the various isomers are 
summarized in the table given below. The specificity 
between isomerism and physiological action as illus- 
trated by the different is<mKTs is of interest. 


Coiiipoinid 


Mrltiiig 

point 


(July, per kilo 
of the l)o(Iv vvl. 
»f nil luces 
sarv to obtain 
a ‘SO'V, kill. 


Toxieity to gold 
iisli 


Alpha isomer 

llelu ,, ; Over 2(K)^C. 

(kiinma ,, | 1 12- 1 ; 

Delta .. 129 -lU'-W 

The mixture 
of isomers 


1-7 ’ 4111 . 

Sal nr.it c(! soln. 

IK) .'U'tlOll. 

N(i kill'.. 

S.'ilurate(l soln. 

t no art ion. 

0 19-111. 

; Toxiv at oiu* part 
jK'f niiMion of 
i solution. 

1 00 gill. 


1 -25 



Moiir of ahhliciition.—A substitute for ground 
derris is prei’ared in tlie form of a Imelv u s I 
powder cvmtaining 2oVn <d’ crude beii/.eiie liexa- 
cliloride and So% of gypsum. For use on crops the 
above was mixed with selected inert materials to give 
insecticidal powders. For use in stdution gammexane 
is generally dissolvetl in methyl alcohol, xylene 
caiT/on tetrachloride, perchloroethylenc ami deca- 
liydrunaplithalene. vSolution containing 5Vb gaminc- 
Nane may be diluted for use with kerosene or other 
snilal)le oils. By using emulsifying agents coii- 
eentraled solutions are prei»ared which with water 
give a stable emulsion suitable for use in the fields. 
Fi.mmiexane has been found to be very stable even 
at high temperatures euabling it to be applied as a 
luinigatiiig agent by the use of volatilization 
processes. 

I nscclicidal f^ropcrtics. -To many insects and 
pests gammexane has been found to be highly toxic, 
b is decidedly effective against the migratory African 
^<>cnst, house cricket, cockroaches, louse, bed-bug, 
^’alerpillars, varieties of beetles, wasps, ants, inos- 
9‘iitoes, house fly, fleas, and host of others. 


('lamniexane is stated to be effective against an 
exceptionally wide range of insects. It is more effec- 
tive in .smne cases than any other insecticides 
including even D.D.T. 

The median lethal dose though varying con- 
siderably from jiest to pest is generally lower than 
that for other inscelicides. Investigations show that 
gammexane is extremely toxic towards locusts and 
ill fact more than anything tried upto this time. It 
is hundred times more powerful than sodium arsenite 
which uptil now was considered most effective against 
lioppcrs. It is, therefore, hoped that in gainniexane 
a new and highly effective insecticide has been dis- 
cf)vered for lighting this scourage known for centuries. 

As an agricultural insecticide gammexane pos- 
sesses the common defect, in that it is also toxic to 
bees and other useful insects Ininging about pollina- 
tion. Care must therefore be exercised in ajiplying 
it to fruit producing plants, creepers etc. 

Upto this time no toxicity to warm liloodcd 
animals has been found by the administration of 
gammexane along with food. Rats fed for five weeks 
with ten, twenty or even thirty milligrammes of 
gammexane had no effect. Crude benzene hexa- 
chloride to the extent of hundred grammes given 
daily with food for a period of two months produced 
no toxic effect. 

('ammexaiie is also of considerable imporlance 
as a soil in.secticide. It is of all round effectiveness 
against many pests of domestic animals such as pig- 
liee, i>oultry red mite, dog-flea etc. Against adult 
hoiisL* fly a solution of gammexane in jiaraflin litpiid 
lias ])een found very effective. It is, however, lack- 
ing in the “Knock down*’ or immediate paralytic 
action, M) characteristic of pyretlirin for use against 
flying injects. Therefore, gammexane can he used 
advantageously in eoiijiinction with i»yrethrin against 
flying insects. ('lammexaiie in tliis case can be 
looked to a eerlain extent as com])lementarv to 
pyretlirin, each supplementing properties which the 
oilier lacks. 

< 'lannnexane is a ])owerful larvicide. Its ])repaia- 
lions liave given higher kills of the larvae of the 
Yellow Fever mos(|iutoes than any oilier material so 
far tried. Against anejdieline and cnliciiie larvae the 
compound has been found effective under a very wide 
range of conditions. It has been estimated by some 
workers that at the most i oz. of gammexane (or 
lo oz. of benzene hexachloride) jicr acre will give 
. ver\ .satisfactory field control. W’ith as low a coii- 
coiilration as one part of gammexane jier million jiart 
of wheal, when apidied as dust, the compound has 
been found to he a iiowerfiil grain preservative with 
decided ttixic effect to the grain weevil. At the same 
time no ill effect can be detected in flour made out 
of the wheat so treated. 
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As an insL’cticidu s^ainnicxaiic has also the iiicril 
of arliiiK as a sloiiiadi poison, a contact agent or as 
a fniniKaiit. 

J. li. I All and H. lUswas. 

SEA WEED RAYON 

I K» 1.*. J. H. v^puaknian, of the textile lahoiatory 
of the Ta-c(1s rniversily gives an interesting account 
of the processes involved, with the sea weed as a 
source, for the nianufactiire of rayon. It is believed 
that sea weed rayons will tind an important place in 
j)ur fiiture textile industry (Saliin-, June 1045). 

Dry sea weeds contain 15-40 per cent, of alginic 
acid, which is readily extracted witli sodium carbo- 
nate solution and in the early years of the i>resent 
nar, when it became essential to make the fullest 
possible use in Hritain of home-produced raw mate- 
rials, that the possibility of making rayon from sea 
weed was investigated. The production of alkali- 
resistant alginate yarn and the general i)roblems in 
spinning satisfactory yarn from sodium alginate- 
satisfactory in appearance, feel and strength —were 
the problems first investigated. 

Yarn of excellent handle and api*earance is 
obtained by extruding a 7 5 per tvnt. solution 

of s(!tliuni alginate into a coagulating bath contain- 
ing calcium chlori<le (I'o N', hydr<»chloric acid 
(o'o’Nl and 2'^ per cent by volume of olive oil 
emulsin.ed with a neutral detergent such as ‘Id.ssapol 
C’. With adetpiate relinemeiits, yarns with a rela- 
tively high tenacity, varying from i S - .j i gnrdeiiier 
at h]S ])er cent relative humidity is produced. 

Alkali resistant rayons can be obtained by Cross- 
linking alginic acid yarn with formaldehyde and with 
metals of high i'o-«)rdinating power such as beryllium 
and chromium. Still better yarns are jn'oduced by 
treating alginic acid yarn derived from calcium 
alginate yarn, with the basic acetates of metals. W\*ll 
washed calcium alginate varn can be store<l for 
periods up to at least 50 weeks without significant 
kiss of strength. 

Calcium alginate rayon is tin* basis of all the 
alkali-resi.stant sea weed rayons, which is cheaji and 
easily spun, and possesses satisfactory elastic pro- 
perties for weaving and knitting. The presence of 
high metal content (about lo’.-j jier cent.) has the 
ad\antage of making the material totally 11011- 
inflaininable. The increasing metal content further 
increases the water-ab.-'ori»tion capacity of the rayon 
that have a marked aflinity fm* basic dyes. 

AGAR-AGAR AND ITS SUPPLY 

Ai'iAR-.uvA'i, the most imiiortant bacteriological 
niediuin is obtained from sea weeds and uii to T95Q, 
its in*oduction was exclusively a Japanese monopoly. 


Since the outbreak of the war, the Allies were coii- 
1 routed with the problem of obtaining this vital 
coiiiinodity in adeiiuate amount. Prof. Lily Newton 
(Nee Batten) Profes.sor of Botany of the University 
College of North Whales, Aberystwyth, gives an 
account of the world survey of the agar-agar posi- 
tion and also the botanical work carried out under 
her direction in Britain, where satisfactory agar has 
now been produced. (Kndcavour, April, 1945). 

The agar-producing weed l>elong to the Nhodo- 
t>liycai\ and harvesting of the weeds has to lie 
organized with due regard to their reiiroductioii and 
growth iieriods. 

In 12,000 tons of the weed were harvested 

in Japan, yielding 2,540 tons of agar, with a value 
of oxer ()l'j million yen. In the same year the x'alue 
of the export was 5|._* million yen. 

First grade Jai>anese agar was made princiiiallv 
from (itiidiuw coniruni Lam and Aranthot>i'Iiis 
jationira okan. Other algae used includeil dclidiiim 
suhcoslatu ni okan, (icliduini jal^onicun (Ilarvi okam, 
(iclidiiini pLtcificum okam, Caml^ylnct>lioia hyl^noidcs 
J. Ag., (iracitaiiii confci roidc Orev, and I'tcnuladiti 
raldllacva Porn et 'fhur. 

Krau Fammie F. Hesse in iSSi, intioduced agai 
as an inxalualile medium in bacteriology and agar 
agar is the .Malayan word for a red alga (iracHaria 
I .ii linioidi's Harv. 'I'he physical properties of agar, 
including its colloidal stale, haw led to its exlensixL 
use in medicine and iiliarmacx'. 

In America, a small agar-agar induslrx' lia^ 
grown up since 1019 and since 1950, New Zealand, 
Health Africa, and Russia, are endeavouring to \a'r- 
duce agar. 

Britain, with ti.e object of increasing the sui)]»Iy, 
organized a coastal surxxw* to hx'ate the nece.s.sary M-a 
weed beds b\ Bolaiix' Department of the Universil> 
College of Wales, Aberystwyth, in co-operatiein witli 
a number of algologists in dilTerent parts <if tlie 
count ». . 

Cytological and cultural reseaich work and 
studies on the life history of the agar producing red 
algae is still in progress in Britain. In addition, the 
aulecology of the plants is being studied. It has been 
found that (ligarlina Slcllala or a mixture of that algae 
w ith i hondrus crisj^us after suitable treatment pro- 
duced an agar, tlie setting and hardness of w hicli 
are biglily satisfactory for bacteriological work. 

The problem of laliour lias always' been aciilc 
and the harvesting of sea weeds reipiires bale, har<l.\ . 
and thoroughly iiidu.strious men who knew the sea. 
Very numerous voluntary workers hax'e assisted itJ 
the harvest in Britain. The weeds are relativel> 
small plants and the task of harvesting needs 
laborious hand picking. Judicious harvesting is pos- 
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sil)lc, only if the detailed aulccoluKV of the plants 
is fully understood and this involves laborious field 
work under rij>()rous climatic condiliotis. 

(iracilaria lichenoides, tlie Malayan retl alRa, 
i^iows abundantly in the Cliilka Lake in Orissa. The 
jirospects of inanufacturin<» a^ar a.i’ar in orissa has 
lecently l)een dealt with by Dr H. H. Mohanty in 
Ills ineniorantlum on “An Indiislrial Survey of Orissa, 
1045*’. It is understf)od that from the few tons of 
the weed sui)plied as sample to the medical tlivision 
of the supply directorate, several million doses of the 
cinder a vaccine has been prepared, and the chilka 
weed has been found to be richer in a^ar than the 
other samples examined by them. But in order to 
ensure a constant sui)ply of the weed for a lon.e 
lime to come a thoroujih study of the life history of 
the weed and on the lines as indicated by Prof. 
Newton out;hl to be undertaken. 

The establishment of such an industry in India 
^liould receive every encoura.eeineiit fnjin Central 
and I roviiicial (loveriiments as the manufacture of 
ajjar will provide a j^reat incentive to manufacture 
\accines and bioloj^ical i)roducts. For this investi- 
^atioii the services of botanists will be as imi>ortant 
as that of the chemists. 

INSECT BORERS OF BAMBOO AND THEIR CONTROL 

Bamtoo is one of the most useful forest iwoduct 
of India and cosmopolitan in its distribution. But 
it is the most nej’lected plant of India from the point 
of view of cultivation, preservatif)n and im])rovement 
of si)ecies. 

OwiiiR to enormous war demands for bamboo, 
the iiue.stioii of i)reventini> insect attack became of 
j-U'eat importance and was taken uj) as a .si)ecial i)ro- 
hlein in the J''ntomoloi»y branch of the Indian I'oresl 
Research Institute, Dehradun. 


By far the most important borers in felled 
bamboos belong to the closely allied families Bostri- 
chidae and Lyctidae caused by species of Dintydeius 
(niinutes, brevis, ocellaris). Of the species that bore 
in living culms, Estij^niena chinensis, a chry.somelid 
beetle, the larva of which tunnels in the wall of the 
internode is important. It is very common to 
see such badly attacked culms often bein^ used for 
scafToldin.e and ladders {Indian hnresi Bulletin, 
Xo. 125 , ro45!. 

Culms are olteii attacketl within 24 hours of 
fellin.e and in Delnatlun, there an- two .eenerati«)ns 
in a year between March and September and a third 
durin.e the cold weather, ’fhe external appearance 
of culm may not indicate the de.eree of the internal 
dama.ee. 

The presence or absence of starch is a valuable 
indication of the liability of bamboo {a attack by 
insects as for both I.\didae and Boslrichiilae starch 
forul is essential. 

Water immersion for three months prevents 
Bostrichid attack ; the starch content in the immersetl 
culms is not api)arently altered, only the soluble 
snears bein.e removed. 

Methods of impre.n nation with creosote, after 
lon,t»iludinal (Irillin^> of culms by s«)aking, oj^en lank 
and i)re.s.sure processes are briefly discussed in this 
bulletin. 

Loss of banibj)o, due 1(» fun.gal attacks has 
so far received very little attention by the myco- 
lo.eists in Iiulia. Baiiiierjee and Chosh {Science and 
(uliurc, V’lII, p, ioa) listed species of higher 
fim.gi in Calcutta, .growing either on the living or 
dead bamboos and causing heavy loss of the banibt)o 
lM)pulation. X()thing is known as yet, about the 
pioteetion of bamboos from fungal attack. 


PHOTOELASTICITY 

S. K. CIIA.SW.M.A, 

I'lTJI.IC WORKS ROMIUV 


^po the many advances that have been made in 
recent times in the field of applied science, the 
^lowth and development of ]>hoUK'lasticity mark a 
Hew chapter in engineering and herald a new era in 
die domain of stress analysis. As its name indicates, 
pliotoelasticity is a method of determining the elastic 
iiatiue of a structure b\’ means of photogra])hy, the 
‘‘I'liial process of stress evaluation being carried out 
suitable models of the prototype by means of ex- 
1‘^rimental optical methods.* ^ 

10 


It was as far back as iSiO that Brewster" 
obsurvetl that a piece of .glass under a comiiressive 
stress acted like a doubly refracting i>rism, a single 
wave of liglit bein.g resolved iut(.) two distinct waves 
having their planes of vibration along the directions 
of principal stresses. An exact relation between 
stress and relative retardation was, however, not 
established until 1854 by W’ertheim. vSuccessivc in- 
vestigations on the subject were then carried out by 
Wilson, Neumann, Maxwell, Mach, Kerr, Pockels, 



SCIKNCK AND ClJI/rURK 


Vol. XI, No. 2 


8 () 

and othursS and allhou^^h thuir work resulted in the 
formulalion of slress-optic and strain-optic relations, 
the exact application of this science in general engi- 
neering proldeiiis remained in the dark till the close 
of the last century. 

'I'lie detailed and exact analysis of the optical 
inetliods investigated so far were further taken up by 
i)r K. (i. 0>ker, K.R.S., and Dr D. N. G. Fihm, 
X’ice-rresideiit of the Royal vSociety, and Vice- 
Chancellor of London liniversity, who, at the time 
of his death in occupied the Goldsinid Chair of 

Api)lied Mechanics and Mathematics at London 
University. These distinguislied men of .science, by 
their persistent and life long efforts, laid as it were 
the real foundation of the science of photoclasticity 
as is known today and in lo.V) pioneered in the publi- 
ealioii of their classic work, “The Treatise on Photo- 
elasticity.*' 'Phis (»pus magnum presents a corner 
Slone in the development of the science of stress 
analysis and remains not oidy as a monument to their 
acconii)lisliments, but also as a treasure of inspiring 
suggestions to their followers. Jsince this iniblicalion, 
a numl)er of other similar books have been brought 
out ill different countries like France, Germany and 
America-’ The i)holoelaslic laboratory first set 

up by Dr Filon at London rniversity where students 
came from all over for research work has served as an 
incentive for the estalilishmeiit of other similar labora- 
tories, with the result that today there are a number 
of educational and other large industrial institutions 
ei-peciallv in America, such as California and Cornell 
rniversities, and Jhireau of Reclamation, Deiiever, 
Colorado, where i)holoelastic work is being energeti- 
cally carried out. because of this, the work of its 
pioneer Dr Filon is now regarded as international in 
character. 

Foremost among the methods of stress analysis is 
the mathematical theory of elasticity, which furnishes 
Stress functions from which the most exact stresses 
and strains can be calculated. However, with the 
development of cvmiplicated structures having irre- 
gular hoiindaries and loading the mathematical 
difficulties conspicuously increase. 'Phe analytical 
solutions of partial differential cipiations with com- 
plex boundary conditions thus become unwieldy for 
jiractical luirposcs and the general utility of the theory 
is lost. hvXperimental methods liavc, therefore, to be 
resorted to, and it is herein that i)hotoelasticity plays 
its part. 

The usual phenomenon of double refraction 
observed in crystalline bodies such as tourmaline, 
mica and calcite is a ]>ermanent optical property of 
the materials. This phenomenon, liowever, can also 
occur in isotropic pieces of glass, celluloid and 
bakelite, w hich become doubly refracting under 
normal stresses or strains, the condition of double 
refraction disapi^eaiing when these strains are re- 


moved. It is this property that is made use of in 
photoclasticity. The principal stresses and strains 
produce physical deformations which complctel> 
change the i.sotro]nc character of the material, witii 
the result that when it is loaded and differentiallx 
deformed a ray of light entering it will travel faster 
along one principal plane than along the other, i.c., 
it will have different wave lengths along different 
jdanes. Thus if a piece of celluloid or xynoHte 
I>ut under stresss and a beam of jiolarized light sent 
through it, the beam will split uj) into vibration*, 
along the planes of princii)al stresses. If now Ilk* 
emergent beam is i)assed through a nicol inism (cuIKmI 
the analyzer), a rainbow coloured image will Ik* 
formed on the far side of the analyzer due to light 
interferences caused by tlie relative retardation of the 
two light components. Hence the colour effects form 
a measure of the difference in magnitude of the two 
principal stresses. lk*sides these colours, dark liius, 
known as fringes, will alsc) appear, representing tlie 
loci of points of constant difference between the two 
principal stresses. The locus of points along whicli 
these jaincipal stres.ses have i)arallel directions is 
called an isoclinic, from a group of which a complete 
I icture of stresses can be obtained. This is of couise 
the most elementary princii)le underlying the tlkorv 
of photoelasticity. Many intricacies exist in actually 
emi>loying the method in the laboratory, such as the 
determination of fringes and fringe order, and 
evaluati<m of stress trajectories and other fund ions. 
If a model of celluloid or any other phol«)elaslic 
material is, therefore, ]>re])ared and loaded in a manner 
similar to its prototyi)e any j)oint in that model ]>ro- 
duces a dellnile number of optical cycles as the load- 
ing on it is increased from zero to a maxininm. 
Fxperimentally it is observed that within the liini< ol 
I)roi)orlionalily (elastic limit), the retardation in wave 
lengths ])roduced by a given load system by tein;"- 
rary double refraction is directly proportional to tin* 
applied loads. According to this law* the relalive 
retardation (or phase difference) in wave lengths in 
isotropic j)lates subjected to two dimensional strcssi-s 
is given by the product of the plate thickne.ss, IIil* 
difference in priiicii)al stresses, and a constant (dc] lend- 
ing oil the physical properties of the idiotoela'^lic 
material) termed the stress optic coefficient, beyond 
the elastic limit, i.c., in the pla.stic range or wlicii 
.strain creep occurs, the laws become complicated ami 
are still imperfectly understood. 

Regarding the problem of idiotoelastic materials, 
an hypothetically ideal one would be one hating^ 
moderate cost, constancy of properties during chanskS 
in temperature and treatment, high modulus of elasti- 
city, freedom from initial .strc.s.ses, absence of nndne 
mechanical or optical creep, proper hardne.s.s, good 
niacliinability, and above all high optical seiisiti\iiy 
and transparency. Among the common materials 
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satisfying these properties arc those belonging to the 
class of natural and synthetic polymers, natural resins 
and glass. In fact, glass is the oldest photoelastic 
material having been used by Mesnager for studying 
stresses in a model of a bridge over the Halnie as far 
back as igi3- Although it satisfies many essential 
requirements, its main disadvantages are its low 
optical sensitivity and poor machining (puilities, as a 
reslilt of u hich it is not inucli used at present, except 
for determining stresses in solid blocks simulating 
stone masonry or brick arches. Next to glass, 
celluloid” and bakclite are two of the eommonest 
])hotoelastie materials. The introduction td celluloid, 
first evolved by Jolin Wesley Hyatt about 75 years 
ago and l;roiiglit into the realm of photoelaslicity by 
Hr Coker in igcb, gave a considerable iini)etns to this 
optic science, resulting in tlie foriiinlation of a vast 
number of researches ; and although today celhdoid 
is being slowly replaced by bakelite, this natural 
j»olyuier must still be regarded as a basic material 
for carrying out photoclastic work on large 
anti et)nn licated models. The form of commercial 
.celluloid known as xynolile which contains about 
24 per cent camphor has been found most suitable for 
general work. Of all the photoclastic materials pro- 
bably none approaches the ideal retinirenieiils as 
])akelite, a glycerin phlliallic anhydride which was 
first introduced in the early twenties and is five times 
as sensitive as celluloid. The form most exclusively 
useil in America is bakelite 15 T-Ol-^’t) 3 . The use of 
pheiiolite'*, a material chisely akin to bakelite, is 
favoured in Japan, troloii is used in (lerniauy while 
1 /Orea and Rhodoid arc employed in I'raiice. Among 
the most recently employed materials, gelatine’" is the 
most sensitive substance yet known as far as double 
refraction is concerned. As its oidical sensitivity is 
nearly 6co times that of bakelite, it is well suited for 
the study of stresses due to body forces, as well as 
in soil ineehanics problems like stress distribu- 
tion in foundation carrying triangular loacl simul- 
ating earth dams, in earth enibankinents due to their 
own loads and in stresses about Innnels. nxtensive 
nse of gelatin in earthen dams has been made in the 
Soil ^Mechanics Laboratories of V. vS. Kngineer’s 
Office, Pillshurg, Pa, and in the U. S. Laboratories at 
Port Peck for evaluating foundation stresses in Port 
Peck Dam. 

Photoclastic methods as adopted today arc gene- 
rally two-dimensional, though some of* the modern 
resea rche.s have shown that certain materials like 
bakelite and troloii arc capable of exactly duidicating 
Stresses when used for three-dimensional model ex- 
]>erimcnts. If these materials are heated, then loaded 
and stressed and then cooled under load, the resulting 
deformation produces stress fringes w’hich remain in 
the material and are termed “frozen stresses’*. When 
completely cold, the models can be actually cut o])eii 


and sliced along the three perpendicular [daiies le- 
preseiiting the 3 axes along which the stresses can 
be examined. The exact interpretation of the stresses 
along the axis is ol)taincd later by solving a set of 
non-linear .»nd degree equations from a consideration 
of Kresnel’s ellip.soid. Frozen stress patterns were 
first published by A. O. v^olakin in 1035^’, u’liile a 
year later (L (>ppeP“ was the first to .state that tlic 
process af slicing or cutting does not disturb the 
frozen i»atleTn. 'flic' fundamental laws governing 
these patterns were. In w\ ever, nltiinately investigated 
by M. lletenyi’’ in 1031) after whom this method re- 
ceived a new impetus, 'bhe gLueral jainciples under- 
lying these i)henonicna are explained in the light (d’ 
the diphasc molecular thc( •\ According U) it, a 
hardened resin used in any photoclastic work is coni- 
])oscd of two i»arts, an infusible 3-dinunsional skeleton 
embedded in a fusible matrix. The former conslitules 
only a snudl part of the total volume and is formed 
from the fusible i)arl by polynKrizalioii. At room 
temperature, the fusible pari has a high viscosity 
co-efficienl and cairies most of the load ap])licd to the 
model, with alniosl negligible creep, but at high 
Iciniierature the* viscosity coefficient decreases so that 
the fn.sible part flows and gradually transfers tlie load 
to the infiisildc skeleton. Tlie deformation under 
constant load, therefore, approaches a limiting value 
which is dclennined by the ])ercentage of ]K)lyineiized 
material and its elastic properties. Since llie e(iuili- 
briuni between the fusible and infusilde parts exists 
over regions of molecnlar i>n)i)ortions, llio state of 
stress corresponding to the deforniatioii is essentially 
nndislurlicd by the slicing of llic model. This, in 
brief, is the usual j)iclure which modern clicinists Indd 
legardiiig the diphasc molecular structure of bakelite. 

Al’lM.ICATlONS in' TIIK MKTIIni) 

The ai)plications of this inetlu)d are not restrict- 
ed t<» any particular l>rancli of Liigiiieering, ])Ut spread 
their tentacles in many varied spheres. Tims jffioto- 
elaslicity finds use in the invesligalion of elastic pro- 
perties of many materials like cellnlosc derivatives, in 
the study of stresses in gear teeth, beams, brackets, 
hollow cylinders, fillets of shafts and screw threads, as 
well as in designing members for fatigue strength. 
In fact, i)hotoelaslically determined stress concentra- 
tion factors have been finind to apply directly in deler- 
niining the fatigue strength of .silicon and hardened 
steels. Ai>art from its role in evaluating i)rinciple 
stresses, photoelaslicity can accurately yield stresses 
oil free boundaries and can simplify the solution of 
statically iiuletenniiiate frameworks. The phenomena 
of frozen stress patterns described above forms one 
of the most inii)ortant apidications in modern 3- 
dimeiisional photoelasticity, such as in the study of 
dynamic stresses due to rotation'® and of bolt and nut 
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fastenings and other tlircaded connections liavin^^ 
axial syninietry-*. In larjic structures like dams and 
hridj^es where load distrihiition varies with the actual 
deforinalion, models of two diflferent photoelastic 
materials are made and their joint hehaviour studied, 
by keepiiii* the niodiilii of elasticity of the two mate- 
rials the .same as the ratio of the materials comprising*' 
the ori.uinal structures. A recent develoimieiit 
attempted at present in the Civil KiiKineerini* Depart- 
ment of the I’nivcrsity of California for the determi- 
nation of dead load stresses in larjie masses is to 
“free/.e” in a model the stresses obtained by ceiitri- 
fimal force usinj.» a centrifui>e in a temperature con- 
trolled oveii and to analyze the result later in an 
ordinary ijolariscope. Hy further research it may also 
be ])ossible to superimpose additional loads at room 
tenit)erature on a model with .gravity stresses already 
l>resent and obtain the final stress pattern. Anions 
the other |)roblems investigated at present but which 
are as yet in their nuclear stage of development are 
structures subjected to high gravity stresses in which 
li(|iiid gelatin models have been tried, structures like 
large Fyrex insulators on transformers which are 
known to fail under a combination of casting stresses 
and .Stresses due to an electrical held, wherein bake- 
lite models would yield promising results*^, and re- 
inforced concrete structures wherein models of bake- 
lite are cast with aluminium rods and studie<l photo- 
elastically’^. Instead of using ordinary ]>hotographs a 
motion picttire study holds out good i)Ossibilities for 
demonstrating the manner of fringe formation. 
Recently Tuzi dn Japan has utilized a high speed 
camera to record impact stresses in a idienolite beam. 
A neon light source was u.sed to give the necessary 
sharp extinction and photographs were taken on 
sensitive panchnmiatic film. 

Regarding thermal stresses'' (which are elastic 
stresses produced by non-uniform thermal expansion 
of a member) aiul (luenching stresses (which unlike 
the former are trapped or rcMdual stres.ses resulting 
from jdastic flow of the material), no research as yet 
on an exten.^ive .scale appears to have been carried 
out, the only information available being the jdioto- 
elaslic study carried out by lUot'^ for calculating 
thermal stresses in hollow cylinders by the u.se of a 
Heggs* ‘Meformeter’\ Another branch of develo])- 
ment which sugge.sts itself for future investigation is 
the combined use f)f optically sensitive and inseii.si- 
tive materials for studying stresses in special cases 
such as overlapping parallel plates joined by rivets, 
and for the plotting of isoclinics, ^latcrials like 
bucite (made by Pu Pont) and Plexiglas (made by 
Rohm and Haas) satisfy these requireineiits and re- 
present probablv another class of typical future iihoto- 
clastic materials. The influence of a material on its 
stress distribution ai)pears to be insq^arably connect- 
ed with certain jAiases «>( the theories of elasticity and 


plasticity, there existing a \’ery great i)ossibility that 
the final results of this stress distribution ol)tained 
from photoelaslic analysis could be directly ai»plicable 
to structural materials. Photoelasticity apart from its 
predominating role in engineering i)rovides the 
physicist with a new and additional method of 
exploring the interaction of molecules and atoms 
with radiation whence it may elucidate the condition 
of matter in the solid state and oi)en out vast un- 
explored domains whose potentialities may be 
imi)ossible to fathom out at present.-" 

Ordinarily the photoelastic method directly deter- 
mines the difference between the principal stresses 
with simplicity, and high accuracy. Sometimes, how- 
ever, it becomes necessary to find not only the direc- 
tion of i)rincipal .‘•tresses but their actual values al.so 
at |K)ints where they are not given directly by the 
fringe i)attern, such as in the problems of contact 
stre.s.ses and curved beams. The determination of 
these values was formerly considered to be the nu)^^t 
complex part of photoelaslic techuifiue and one 
ustially never attem])ted. T«)day, however, as a re- 
sult of a number of systematic researches, several 
methods have been evolved for fully obtaining the 
solution of principal slres.ses. Among these the com- 
monest are the theory of ( )bli(iue Incidence suggestetl 
by Drucker and Mindlin’^, Weller’s method of using 
scattered liglit^', Kilon’s graphical integration 
method', and other general refinements on these by 
lliltscher^'*, Kuske'*'* and Krocht-. 'I'lie application of 
brittlelactpier coatings to photoelaslic imxlels de.scribed 
by the writer in this journal some time back-** also 
I resents a relatively (juick and direct method of 
ol>taining the stre.ss trajectories which can be record- 
ed photographically over the whole field at once. 

The .scoi)e of dimen.sional photoela.sl icily is at 
present limited by the (luality and size of the mate- 
rials available for model tests, as well as by the diffi 
culty of making the boundary and boundar>' stresses 
visible especially at stress concentrations. With the 
develop. aent in photoelaslic materials which would 
permit the moulding or ca.sting of complicated shapes 
and which would also be free from time stres.ses, the 
power of the photoela.stician will sharply mount. 

If in the pre.‘-ent stage of develoimient, the engi- 
neers designing an R. C. C. or steel dam tarried for 
mathematical ela.sticiaiis to supply them with a reliable 
stre.ss analysis tlie dam would not be built. Tii fact, 
to-day a fe\\’ moilels and a photoelastic laboratory do 
easily in a few months what no mathematician could 
accomplish within a life time. Nevertheless, it tmisl 
be clearly known that this triumph of modern 
efficiency owes a deep and a vei*y significant debt of 
gratitude to the theoretical labours of internationally 
renowned French mathematicians like Navier, Poisson 
and Cauchy, who developed elasticity and the closely 
allied analysis of wave inotipn from a mathematical 
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basis. Cauchy, in particular, by his claboralioii of 
the clastic-solid theory of light in about 1S40, con- 
tributed to the physics from uhich the i)rcsent photo- 
clastic techniciue evolved ; and although this elastic- 
solid theory collapsed long since like the luminiferous 
ether it once supported, it has left a substantial residue 
in widely used mathematical methods which are appli- 
cable to various branches in the field of api)licd 
science, of which i>hotoelasticity forms one of the 
most predominant aspects, llecause of its close rela- 
tion with physics and mathematics, it becomes evident 
that with advances in these branches of science, photo- 
elasticity can also develop substantially as is well 
exemplified in America. That country, through her 
photoelastic laboratories, Eastern Photoelasticity Con- 
ferences, and now through the newly creatnl Society 
of Experimental Stress Analysis, leads other nations 
in the progress and development of this optic science. 
In fact, in the words of Professor Max M. Frocht of 
I'he Carnegie Institute of Technology, “ . . . photo- 
elasticity has grown to the full stature of a powerful 
technical instrument of (luaiititative stress analysis 
which for two dimensions at least exceeds all other 
methods in reliability, scope and ]»racticability. There 
In no method by which the complete exploration of 
principal stresses, let alone the stresses cm free 
honndaries, can be determined with the same si)eed 
and accuracN* and at such a snrin'isingly small cost 
as the photoelastic method.” 

Regarding India’s contribution to this branch of 
ai)plied science, it is rather unfortunate to ncjte that 
practically no effort has .so far been made to establish 
it on a firm basis, for the writer is yet unaware of the 
existence of an\' well ecpiipped photoelastic labora- 
tory comparable with tho.se found in any European 
or American rniversitios or other technical institu- 
tions. Probably the onl\' work that appears to have 
been carried out in this country is by the OoveriinieiU 
of India, Railway Department’** in analyzing the dis- 
tribution of primary and secondary stresses in rail 
sections by means of 2-dimensional xyimlite models. 
In view of the growing importance of India’s indus- 
trialization it is confidently hoi)ed that the need for 
the establishment of efficient pliol(.)elastic laboratories 
in various engineering colleges as well as in the newly 
proposed institute of higher technology on the lines 
of the Ma.s.sachusetts Institute of Technology will be 
Itilly realized, for it is only Iw the ado[)tion of .such 
nunleru methods of analysis that India can hope to 
maintain engineering and technological progress and 
bi* able to .stand in the front rank of other nations of 
die world. 
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EYE BANK 

ALX’oKDiMi In i\ rcpt)rt nf tliL* Scii'iicc Sni's 
LctUr, April .m, hM.S, an eye bank styled as the Kye 
Hank fnr Restnration was established last year 

In ‘make available a supply nf fresh nr j»reserved 
corneal tissues wherever anil whenever needed by 
hospitals and silicons who are (inalilicd to iierfonii 
the corneal ^raft oiieralion’. The Kye Bank further 
prniKised to undertake research activities with the 
n))ject nf discoverin.e a new nietlind for lon^^er pre- 
servation nf corneal tissues taken from a liviiye or 
dead ])ei>()n. The method of i)reservation, now avail- 
al)le, does not permit of the stora.i;e of corneal tissues 
for more tlian three days before transplantation. 

The Kye Hank will render \eoman’s service in 
assistin.i( in the treatment of i)reveiitible blindness 
followiiijii- defects of the cornea. That corneal blind- 
ness can be successfully dealt with is an old idea. 
In fact, attempts to relieve .such blindness by sub- 
stitutini; transi)arent material for the cornea can be 
traced to as early a date as i7^So. Methods of grafting 
corneas, developed successfully during recent years, 
have been highly reassuring. The only handicap in 
the way of large-scale application of these methods 
lay, however, in the lack of supply of corneal tissues 
for which an eye bank was the only solution. It is 
estimated that some lo to 15 thousand blind persons 
may have now a chance to see again, thanks to the 
efforts of the Kye Hank for Sight Restoration. 

It is interesting to note that in 1041, prior to 
the establishment of the Kye Bank, the Dawn Society 
was formed under the sponsorshi]> of the International 
< )rder of (lood Templars, 'fhe memliers of the 
Society i»ledged their eyes at death for purixises of 
corneal grafting to cure blindness. 

CINCHONA MISSION IN SOUTH AMERICA 

With the Jai>anese invasion of the Dutch Kast 
Indies in 11)42, the inimary source of ipiinine was 
■suddenly and unexpectedly cut off. vSince then a 


considerable area in South America has been sur- 
veyed in search of other wild species containing a 
minimum alkaloid content. Dr K. R. Ko.sberg ami 
Mr \V. C. Steere, botanists of the Univcr.sity of 
Michigan, report an interesting account of their ex- 
plorations in the mountains of South America in 
Science, February lO, 1045. In addition to cinclionn 
lyuhescciis' and cinchona officinalis (the latter produc' 
ing l)ark of high (piality), another species viz‘., 
Remijia l^edunculata, was re-discovered in Colombia. 
The Ixirk of this non-cinchona contained as much as 
per cent, of ijuinine sul|>hate, with very litlK- 
admixture of other alkaloids. 

In the seventies of the last century, many 
thousands of tons of the bark of this tree were ex- 
ported to Kuro])c for the extraction of (juiniiie. 
After several years, the trade in Remijia bark A\ane(l 
as a result of the depletion of readily available 
forests. 

Remijia hurdicana and R. pendunculala were 
also introduced into India and grown in the Sikkim 
jdantation and Nilgiri hills to fnrni.sh raw materials 
to the (punine industry, and the (luinine contained 
in it was in an easily extractable form. 

Cinchona pitayensis was also discovered between 
altitudes tS,5oo and 10,000 ft. in Ircuador, and it had 
been previou.sly overlooked because of tlie traditiitii 
that the l)est ra^es of cinchona occur between 3,00- » 
and 5,000 ft. 

Many si)ecies of Remijia, Kandenbergia and (»tlier 
rubiaceous genera closely resemble cinchona to the 
untrained eye, but the technical aid of both botanists 
and chemists of this mission has saved mam 
tliousands of dollers which dealers would othenvi-e 
have invested. 

The publication of these highly important re- 
searches on cinchona and related genera and the 
taxonomy of this dilTicnlt group of i>lants and nns- 
understood genera will lie awaited with interest. 
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FOOD PROBLEM IN BENGAL* 


A. C. I 
CAI.CI’ 

area of lk*ii.L;al is 5o\^ million acres or 77,442 

s(iuare miles, rather more than the area of 
I{n.L,dancl, Wales and half of Scotland taken to.uether. 
Most of the territory is comi)rised of the deltaic plain 
facing in the south the Jlay of Ben.eal and is richly 
supi>lied with rivers, except in the central and 
western parts, 'fhe ijopiilation is a little over Oo 
millions, which is well in excess t)f that of the United 
Kingdom and not much less than the a.ti.ere.eatc 
population of France, Helyinm, Holland and 
Ileiimark. 

Out of 30 million acres of cropi)ed area, a little 
less than 26 million acres arc devoted to cultivation 
(»f rice. Of the remainder, 2-2!- million acres arc 
<levoted to jute ; only 250,000 acres tr) wheat ; and 
the balance is left for the cultivation of vegetables, 
fruits and non -jute cash crops, lleii.eal accounts for 
20 per cent of the all-India production of rice. Only 
7 per cent «)f the cropi>ed area is irri.eated and only 
(1 million acres are double cropped. 12 million acres 
of land are lyine' waste as current fallow and cul- 
turable waste. 14 per cent of the total area of the 
Province is under forests. Helical has a vast water 
surface which is lying untapped so far as lish supply 
is concerned. 

It has been shown that agriculture cannot 
NU]»i)ort more than 250 i)ersons to the square mile, 
and Hengal has an average density of 650 ]»ersons 
to the s<iuare mile, there being more than 1,200 
persons to the s(|uare mile in some parts of Kastern 
hengal. There is thus not only a shortage of culti- 
vated and cultivable land but actual production falls 
far short of the re(iuirements of the increasing 
l>n]>ulation. 

According t«) the recent Famine Fiitiuirv Com- 
mission, the number of families in hengal wholly or 
mainly dei»indent upon cultivation fjf land for tlieir 
li\'elihood is approximately 7'5 millions. Less than 
-? million families hold more than 5 acres each ; about 
a third of this number hold more than 10 acres each ; 
about 2 million families hold between 2-5 acres each 
and the others constituting api»roxinialely one-half 
‘d all the families, depending wholly or mainly on 
the cultivation of land, either hold less than 2 acres 
<^aeh (jr are landless. The cttllivating families include 
jamghly about i million families living mainly or 
entirely as bargadars, that is, crop sharing tenants, 
i'he number of families living mainly or entirely on 

* Opening remarks on “Food Problem in lU-ngaP* at 
a meeting of the Koval Asiatic Soeietv of Uengal liehl 

July 2, 1945. 


'KIL. 


agricultural wages is approximately 2 millions, land- 
less labourers number about so lakhs, while non- 
working dependents number .t millions. 

A cultixator needs not only f«>od crops (cereals 
and ]>ulsts, vegetables ami fruits) and ff)dder for 
cattle, lull also commercial <»r cash crops, like oil- 
seeds, jute, tea, fibres, sugar,- tobacco etc., to enable 
him to purcha.se his c)ther reciuireinents. 

A i)ropcrly constituted diet should not only con- 
tain cucrgy-yiflding loods like ivreals (rice, wheat, 
barley, joicar-bajra oats, Indian corn, etc.), fats and 
sugar, l)Ut also j^rotcclivc foods or foods which pro- 
tect the body against dysfunction and disease, such 
as inoteins (animal proteins milk and milk products, 
fish, eggs and meat ; vegetable i)roteins — ])ulses, peas, 
beans, lentils and nuts), mineral salts and vitamins 
which arc available from green leafy Negetables, root 
Vegetables and fruits. Infants and growing children 
need relatively more animal food, particularly milk 
and milk in'oducts and vitamins than adults. F<xi)ect- 
ant and nursing mothers need more of the i)rolective 
foods, while the sick population have their special 
retiuirements. From this, it will api)ear that food is 
not to be looked upon as merely consisting of rice, 
potatoes, fish, meat, eggs, vegetables and fruits, but 
of certain web recognised chemical entities, such as 
car!)ohydrates, proteins, fats, minerals and vitamins. 
If the t)ro])er in'oportion of these constituents is not 
assured in the ilaily diet, a failure of gn>wth and 
health takes jdace. It is now recognised that a large 
pioportion of sickness in the community can be re- 
duced by a proper adjustment of the diet and healthful 
living, 'file supply of a proi)er and adequate cpian- 
tity of fond to the different age and sex groui)S of the 

1 opulation is, therefore, of fundamental importance 
U) national health in any country. 

The dietetic re(|uirements at various ages are 
shown in the tables given in the Appendices, from 
which it will be seen that they cannot be secured at 
le'-s than Rs. 10 12 - i)er capita ]>er month at pre- 
war rates. 

An average afhilt belonging to Hengal reciiiires 
for his daily diet: 12 ounces of rice, /| ounces of 
other cereals ; 2 ounces of t»ulses, ^ ounces of milk, 

2 ounces fish or meat (if fish and meat arc not avail- 
able, add another 4 ounces of milk in their place), 

ounces <'f non-leafy vegetables, 4 ounces of green- 
leafy vegetables, 2 ounces of fats and oils, and 2 
ounces of fruits. The food problem in Hengal has 
to be judged in this context and for the nccils of the 
different age and sex groups of the population. 
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There is an a\era.ee of 5 persons per house of 
unit of family in Heiigiil and there are 2-5 non-work- 
inji dependents to e\ery earner and worker. Each 
family has only .V.^4 acres of cultivable land, as 
against 21 acres in hjij^laiul. Morecjver, very few of 
the cultivators in Hengal own the laiul themselves. 
Elsewhere we have shown that the Helical i)eas{iiit 
needs to possess and improve the land where he jL»rows 
his fo«)d and that he needs to increase his income at 
least ei.elit to ten times, if he is to lead a healthy life 
accordin.e to minimum hy.uieiiic standards.'*' 

O .NSIPERATION ()i< 'I'HK MaIN DEI'ICIKNCIKS 
IN Food I'rodi'ction 

l\ict\ — Deducting 550,000 tons for seed require- 
ments, the short aeje of food with regard to rice is 
estimated to he 2 million tons. Until the occupation 
of lower Ihirma by Japan, one and a half million 
tons of rice used to be imported annually iiuo Bengal. 
It has been shown that if rice is hand-pouiulcd 
and fine milling is avoided and rice water is not re- 
jected in cooking, the amount of rice that is needed 
for nutrition can be reduced by 20 per cent. It has 
further been shown in Phillipines that if 20 per 
cent of soya bean is cooked with rice and a few 
vegetables are added to it, it not ()nly heli>s in re- 
ducing the amount of rice consumed, but produces 
a much better balanced diet. 

It will be interesting to note that the yield of 
rice per acre in India is 825 lbs., in comparison with 
4,745 lbs. in Italy, 5,170 lbs. in Egypt, 2,988 lbs. 
in Japan and 5,542 lbs. in Spain. While many parts 
of Bengal are suitable for the cultivation of sugar 
cane, she has to import annually Rs. 5 crores worth 
of sugar from U. P., Hihar and other provinces. 

Wheat. — On an average 500,000 tons of wheat 
are consumed every year in Bengal as against a pro- 
duction of only 74,o<.)o tons (this is ecpial to a short- 
age of 229,000 toils). As wheat is one of the most 
nourishing cereals, the population can be gradually 
encouraged to consume more wheat in ineference to 
rice. 

Ihlst's and lieans. — Appro.xiniately 155,000 tons 
of the.se vegetable ])roteins are imi)orted annually into 
Bengal. A certain amount of maize (e(iual to hJ-j 
million maunds) is consumed mostly l>y i»oorer i»eoi»le 
residing in the hills. This does not take into con- 
sideration the requirements of pulses and oil-cakes 
for domestic animals. 

('iroundnuts grow easily in many parts of Bengal, 
but still she inqMjrt.s Ks. 10 lakhs worth of ground- 
nuts and Rs. 5 lakhs worth of groundnut oil annually 

* .All estiinalion of these siandanls will he puhli^lieil 
ill a subsequent i-^sue of this journal. 


from Madras. It is well-known that Soya beans not 
only provide foixl containing high-grade protein but 
also valuable commercial products. Hardly any 
attempt has been made to encourage the cultiva- 
tion of soya beans and groundnuts in this Province. 

Fats and oils. — Bengal produces only i/roth of 
her reiiuircmcnts of mustard oil. Butter is not gene- 
rally used by the i)oor jiea^ants of Bengal, but in 
spite of this Rs. 75 lakhs worth of butter is pur- 
chased annually from other i>roviuces, and Rs. 5 lakhs 
worth of ghcc (clarified butter) is purchased from 
other ])rovinces and Indian States. 'Paking advantage 
of the present wartime transiiort difliculties, the manu- 
facturers are adulterating these foodstufTs and there 
is hardly any agency in the country to deteit and 
control this pernicious jiractice. 

I'cgetablcs. — Vegetables grow easily in almost all 
parts of Bengal, but still Re. i crore worth of potatoes 
and Rs. 25 lakhs worth of onions are annually im- 
ported into the Proxince from other areas. 

and eggs. The amount of milk produced 
varies greatl>^ in different parts of India. In llie 
Punjab, the estimated [ler cai)ita productimi of milk 
is 19*7 ounces, while in ^ladras it is 5*6 ounces and 
in Peiigal 5 ounces, as compared to 45 ounces in 
Australia and 58 ounces in Ureat Britain. Milk is a 
very e.ssential constituent of food for infants, grov- 
ing children, expectant and lactating mothers. 
Instead of trying to produce more milk, Bengal im- 
ports Rs. 9 o lakhs worth of milk products ainuiall\ 
from foreign countries. U is estimated that the 
number of animals i)er acre of grazing land in Bengal 
is 50 to 69, while the i»roper number should not ex- 
ceed 2 or at the most 5. Food shortage and infeiioi 
breeds account f(/^ the jioor milk yield in this i^arl 
of India. It is known that milch cows yielding les^ 
than 2 seers of milk per diem are considered to he 
uneconomical to maintain. Thus ill-nourished cattle 
instead of su])i>orting the peasant are proving a drae 
on him. 

Bengal imports annually Rs. 2,'- crores \\<»ith 
of eggs to feed her jioimlation, in spite of the fact 
that she can be made self-sulllcient with regard to- 
poultry and poultry products. 

Fruits . — While Bengal soil has a reputation for 
fruit [iroduction, .she imports annually, besides fresh 
fruits, Rs. 20 lakhs worth of dried fruits, and Rs. 5 
lakhs worth of jam and jelly from foreign countries. 

The exiiort of food products (produced in Bengal) 
from Bengal is insignificant compared to the amomit 
of food imported into the province. 

From the above it wdll be seen that there is a 
shortage of almost all articles of diet which the people 
consume in this Province, but the most serious 
shortage is with regard to tlie protein or nitrogenous 
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foods and vitamins, which arc so necessary to build 
lip the physhiiie and resistances to infection of the 
I ojmlalion. It is no wonder that the stamina of the 
beiiKalee is the lowest in India. Every nioinent of 
oiir lives nitrogen is being excreted, chiefly through 
the urine, and it needs to be replaced. The nitrogen 
depletion of the soil, without being replaced, has 
been an iinporlanl cause of deterioration of the culti- 
\aled soil in Hengal. 


CAUSKS oK AcJKICUJ/rURAI. Dktrkiokation 

The causes (jf agricultural deterioration in 
hengal have been said to be due to the absence of 
aileiiuate irrigation facilities, silting up of rivers and 
irrigation tanks, deterioration of bunds and tanks, 
defective drainage of bed areas and water hyacinth, 
jloods and denudation of forests, and finally frag- 
nieiitation of holdings and non-i)ossession of the land 
l)v tenants. 

W hile the i)opulation continued to increase, 
lliere was hardly any corresponding increase in the 
area under food crops. The productive capacity of the 
soil decreased so much that within the decade U)3i- 
lup), the production of rice per acre fell by nearly 
mo pounds. The almost complete conversion of 
pastures into tilled lands and uncontrolled breeding 
of cattle, along with the increasing ])overty of the 
l»eople, led to deterioration of the cattle population, 
and a regular scramble for food has ensued between 
man and cattle. The almost complete lack of policy 
in cro]) planning, in terms of the nutritional re(piire- 
nieiits of the different age and sex groups of the 
population, and of technical background in the 
adniinistratioii have brought the pojiulation to a 
state where poverty, disease and death are flourish- 
ing. Apart from warnings given by different workers 
from time to time, the .strong group of .scientific 
workers in Bengal studied the ]>robleni and issued 
timely warning to the Bengal ('•overnnient imme- 
diately on the outbreak of war in n)39. The advice 
given by these scientific workers went unheeded and 
tile situation still remains desperate. It is widely 
rei'ognised that health is a ])nrchaseal)le commodity 
and that adequate nutrition is the first reijuiremcnt 
‘>f liealthful living. The approximate direct expense 
<ai agriculture per head of the population is less than 
i/- in India, as compared with Rs. 12 to Rs. 11 
ia the U. S. A. and U. S. S. R. Besides, an overall 
I'vr capita income of Rs. 5/- per month cannot give 
the same health to the peoiile of our country as is 
^tijoyed by the people of the latter countries. The 
^o-callcd “Grow More Food Camiiaigii” during the 
''"ir has been devoted, according to my iini)ressioii, 
itiore to publicity and propaganda than to any scicnli- 
hvally planned drive for food production. A fair 
12 


amount of researches has been done in India but few 
of them have been put into practice. Unless the 
administrative authorities listen to technical advice, 
our country is likely to remain very much in the 
same position after this war as before. Moreover, it 
is no good producing food unless the prices are within 
the economic competence of the poorer groiii>s of the 
population. 

Im.'UI) pl.\XMN(; 

The objective of any food ])olicy should be to 
supply (<i) a suflleieiit quantity of in'oteetive foods, 
and (/)) a sufficient (piantity of eiieig\ -prodm-ing foods 
for the di/jercuf at^c and sex gioiibs of the luyintlaiion 
in an area, according to the nature of their work. 
The planning of crops sht)Uld take note of the re(iuire- 
nients of commercial or cash crops, without detriment 
to the for)d recpiireincnts of man and cattle. Agri- 
eiiltnre and animal husbandry nmst iirogress hand in 
hand. 

A judicious crop planning implies the introduc- 
tion of improved and resistant varieties of seeds and 
of improved methods of cultivation with the aid of 
more efficient implements and i)roper manuring ; the 
application of a suitable cr(>i)ping scheme by a judi- 
cious distribntic)!! of grain, fodder and money crops 
and a soil recuperating crop on the available s«)il ; a 
better control of pests and disea.ses to avoid the loss 
in yield caused by them ; demonstration and educa- 
tion of farmers with regard to the eiiuitable alloca- 
tion of food and commercial crr)ps and to horticulture 
and backyard farming ; the encouraging of a larger 
cultivation of those eroi)S which are likely to make 
iq) for the delieieiieies in the national diet, e.g., 
inilses, soya beans, gingely, groundnuts, wheat, etc., 
if necessary, by offering concessions to the ryot in 
the form of remission of revenue assessment ; and 
finally the introduction of suitable marketing and 
distributing machinery by means of e()oi)erative seed 
stores, storage and selling organisations. Unless the 
principles of rationing are borne in mind as regards 
the equitable distiiliiition of Ibodstnffs to all groups 
of the ptipnlalion in the post-war period, the general 
nutritional level of the poinilation will lag behind as 
it hapjjcned with ,10 i)er cent of the poimlatioii in 
Britain and 45 per cent of the population in the 
United States befon‘ the war. 

It is the duty of the State to initiate and organise 
tiie.se iniiiroveinents. Control and harnessing of 
rivers, the prevention of erosion, and pursuing a 
steadfast policy of drainage and irrigation arc vital 
factors in land reclamation and utilisation, which 
should also he a charge on the Stale. The provision 
of imi)roved transport facilities should also be a 
charge on the State. Unless the entire machinery of 
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the ('.ovLTUinuiil, including tlic l)ci)arlnienls of Agri- 
culture, Irrigation, Coininunications, Veterinary, 
Cooperative and Industries conic forward to help 
ill a coordinated drive, it is futile to expect any re- 
sults even in the post-war period. 

Although oi)inion regarding the estimates for 
ihe proportionate increase of food ])roductioti is not 
uniforiii, it can be safely stated that the production 
of cereals in Heiigal will have to be increased by 30 
l)er cent, pulses by joo per cent, vegetables, especially 
green vegetables, by 40 per cent or more, milk and 
milk products by 3ot> jier cent or more, and meat, 
hsh and eggs by several hundred per cent. 

India’s population will continue to increase. 
Nothing eaii stem the tide so long as education and 
the standard of living do not advance. The popula- 
tion cannot alTord to pay for imported food from 
other iirovinces and from foreign countries at an in- 
i-ivased cost, ruder the circumstances, the only alter- 
native o]>en to ns is to apply science to produce more 
food not only frt)m tlie soil and the animal kingdom, 
but also take advantage of technological researches in 
the manufacture of concentrated and synthetic h)ods 
in the laboratory. 

(1 ( crcals, Inilst's and vcM^dahlcs. — It will be 

sjui fr<mi what has been staled that if we 
have to increase production from the existing 
area of land by at least three limes, we can- 
not depend on cattle manure or eomtiosl, which 
has a low nilrogeii content alone but that the use 
of chemical fertilisers is absolutely essential. This 
must be supplied to the peasant at a nominal cost, 
at least dniiiig the initial stages of the campaign. 
The inci'ease in vied from the judicious use of in- 
organic fertilisers more than offsets the additional 
ct^st ill setting up ])laiis and manufacturing them. 
It should better be borne by the State. Tnspite of our 
having enormous etial resources within and near the 
borders t)f the Province, the imiiortance of the coal 
processing industry in the manufacture of fertilisers, 
insecticides, disinfectants, herbicides, fungicides, 
fumigants, preservatives, plant growth regulators, 
and food dyes, is not generally realiseil by our ad- 
ministrative autliorities. The result.s of work under- 
taken by a small plant in Mysore sliould oiieii the 
e>es of all who wish to recondition Indian agricul- 
ture. Indian scientists have cried hoarse over it. 

The use of compost and synthetic fertilisers will 
not only help us to make iij) for the deficit of.«-onc 
and a half million tons of rice, which used to be iin- 
liorted from Burma, but also supply us \/ith 550,000 
Ions for seed 1 e(piirements from a reduced acreage, 
thus releasing land for growing essential croj)s 
like wheat (estimated shortage is 226,000 tons 
per annum), pulses and beans (estimated shortage is 
2 million tons per annum), and for mustard and 


vegetables. The use of concentrated manures is 
likely to release several million acres from the are:i 
under cash crops, like jute and castor and sitgarcaiu , 
which can then be utilised for growing those food 
crops and fodder which are needed for the mainteii 
aiice of positive health of man and cattle. 

Approximately 3j.< million tons of Ammoninni 
sulphate i)er annum will be needed to regenerate the 
land ill Bengal to the extent of what is done iu 
advanced countries. The imported stufT is now sellin- 
at Ks. 240/ j)er ton. If the i)rovince possessed its 
own factory, it could be delivered to the peasant ;it 
Rs. cSo/- per ton. The mobili.satioii of the factory In 
liroduce the above (luaiitity will cost Rs. 70-80 croivs, 
ail amount which is not large in comparison with llu- 
lecuiriug expeiKlitiire of over Rs. 10 crores j)er aiininn 
in tile relief and rehabilitation ()f famine strickui 
people. Incidentally, it will save the chronic drain 
of the farmer’s money in paying an e.xorbitant price 
for tile imported product. 

(j) The ipieslion of the increased production (,!' 
litilk and milk /i/fx/nr/.s* and of mral is not only a 
('ostly piopositioii, but it takes a long time to ()l)lain 
satisfactory results. The increased production of lish 
and eggs can l)e achieved within a shorter peiiod 
provided scientific methods are followed. The iiilro- 
ductir)u of communal ctiolers in selected areas and 
the inlroductioii «)f free/.iiig, dehydration and i.m- 
iiing can prevent a lot »)f wastage of food wliicli 
continues to ticcur iu this province in spite of the 
shortage of food. 

It has to be ])oiuled out that milk, fish, meat 
and eggs are the costliest items in the diet, i^o Imie 
as the ])urchasiiig capacity of the ]>o]nilatioii dnes 
not adciiuately :m])rove, most pe«)ple will not be d»lc 
to alTord to have them in their daily diet. 
logical advance has made il possible lo manitfiirtun' 
biological proteins, fats, mineral salts and vilaniin^ 
in the laboralorv at a fraclion of Ihc cost of n^dniol 
foods. Recent experiments carried init at the 
chusetts Iiislilute of Technology and in the la1)(na- 
tories of the Colonial h'ood Yeast Rtd. in hjigland 
and Jamaica indicate the possibilities in this direc- 
tion. In a country where the pressure 011 laud is 
great, this is one of the directions iii which progress 
may be looked for. The war has caused tremendous 
advances in the matter of food supply in techno- 
logically advanced countries. It is said that “war 
sometimes leads to reforms and developments which 
may take a generation or so to effect in pcace-linie.” 
With regard to food supply iu our country, we are 
sorry to confess, this statement does not hold good. 
So long as the Cloveninieiit Agriculture Dcparlmeut'i 
will remain technically inefffeient and red-tapisni is 
given preference over the urgency of technical needs, 
it will not be possible to achieve much progress. R 
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iiuiy be iH)iiitccl out that an ounce of palatable yeast 
powder f)r 3 ounces of processed soya bean and a 
uinlli-\ ilaniin tablet per diet can improve the diet 
t)f the i)oi)iilali()n of this country to a tremendous 
extent at a fraction of tlie cost of that of natural 
foods. 

With a capital outlay of Rs. 7 crores, Hen.u^al can 
manufacture 65o,tX)o tons of yeast i>er annum and thus 
])rovide for a cheat) source <»f first-class protein and 
Vitamin Hj for the entire population. The British 
Ministry of Food advanced a Mini of 150,000 with- 
out interest to the Jamaica h'ood Yeast Co. Ttd. for 
the production of yeast for the Military and Civil 
poimlation. Where is tlie indication of such a venture 
in our country? If this had lieeii done, thousands of 
pounds of dried and concent rateil milk need not have 
been imported into India at tiemeiulous cost. Con- 
trast this with the bud.iiet for relief and rehabilita- 
tion in i()44"45, which has exceeded Rs. 10 crores. 
Similarly, vitamin tablets at a pice per tablet can 
be supplied to the popul.'ition, if arrangements are 
made to manufacture them with a subsidy from the 
{'•ovcrnmeiit, as has been done in Britain. Bcn.uars 
annual loiiuiremeiits of vitamins can be stated as 
follows : — (i) Vitamin A : Carotene- 60 tons, X’itamin 
A — 30 tons; (^») Vitamin 11: tliiamin— f>o tons, ribo- 
navin— bo tons, nicotinic acid -khio tons ; (3) Vita- 
min C (ascorbic acid) - 1500 tons ; and (.i) Vitamin 0 
(Calciferol) : one-third ton. 

(3) Increased production of in*iis Tlie science 
and art of liorticulture in lleii.eal is an almost totally 
iiej^lected subject. All types of fruits can be t>rown 
in various parts of llenL«al. It is a matter of re.^ret 
that while other provinces have .none ahead, lleueal 
has lai’i^ed behind. 

The amhor has not referred to the economic im- 
plicatitjus of the problem in my Cfnnmeiits aliove. 
Apart from coordinated action and cooperation 
between the inter-related departments of the ('rovein- 
nients of the Government, the bmli’et of a.^ricnlture 
reiiuires implementation in the follow in.n directions : - 

(1) Sufilcient funds for experimental work, 
(.2) sulficient funds for the manufacture and cheap 
supply of chemical manures, (3) sulficient funds for 
a cheap sujiply of iniiilements and, where ucces.sary, 
cattle to the jieasants, (4) reform of land revenue and 


tenancy laws, so that peasant owns the land, 
(5) supply of cheap credit and advance of cai)ital to 
the peasant whenever necessary, (6) temporary mora- 
torium on all revenue and rent arrears and debts and 
enforcing' gradual payment according to the improve- 
ment of agricultural income, (7) guarantee to the 
peasant that increased production will not mean in- 
creased demands by creditors, landlords or Govern- 
ment, at least until his nutritional level is raised to 
the normal level, (8) guarantee of a fair price to the 
in-oducers, (g) a minimnm wage for agricultural 
labourers, and (10) free technical assistance to the 
peasants. 

In tile course of surveys carried out in some 
Western Bengal rural areas, it lias been noticed that 
only 10 to 20 i)cr cent of the pj)piilalion can obtain 
their retiuiremeiits fnim land. With l;arely .2 per cent 
ol tlie i)opulation. obtaining their enii)loyment from 
Iiidn.stry, how are we b> olTer employment to the 
remainder? A well-planned and executed programme 
of pnldic works ^an emidoy a proi>orlion of them. 
The ]>resent extent of cottage iiidiistries and the in- 
come therefi'f)!!! are not adeipiatc to employ a large 
pn)porlion of the i)eo])lc. Hence industries or occu- 
pations sulisidiary to agiicnllure must be studied and 
presented before tile people so that tlie juvscnt large 
proportion of the population wlio are not ‘^gainfully 
employed’' is substantially reduced. 'I'liis will not be 
possil)le without tlie sujgdy of cheap i)ower to all 
parts of the province. The inovince slionld ultimately 
aim tc» absorb approximately 30 per cent of lier popu- 
lation ill Jmliistry. 

Bersoiially tlie aiitlmr iN against the im- 
portation of fooil from foreign coiuiliies as has been 
\iMiali/.ed at the Hot Springs Conference, except 
during an emergency, and also is against the 
importation of so-called foreign exjierts, which seems 
to have become a cra/.c in India at the present 
moment. India has enough scientific talent to cater 
to the needs of our planning, provided the Govern- 
nieiil organise a good technical background in their 
administration and sincerely desire to utilise the 
Ivst availa])le talents in the country, both at the 
I 'iiiversities and in Industry, to solve the cognate 
problems of nutrition, food prriductioii and distribu- 
tion. 
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BOOK REVIEWS 


Livestock Improvement - liy J . \\. Pp. i-vi, 

1-208. ( )livcT li()\ (l r.td., IMiiihiiriili, UkH- 

Price 10.V. td. 

As ii resiill of llie world war proldeins rdalinj-i lo 
livestock developnieiil and iin])rovenieiit have assiiiiied 
special importance. There lias been a serious deple- 
tion of the live'^loek re^ouree'^ in most l)elli.eerenl 
aniiilries coiise(|Ueiit on the laree demands of the 
ti.ehtiuK forces, and the indent re(|iiiremenls of the 
civilian iiopnlations. Inirlher, durin.i* this period of 
stress and turmoil the work of livestock development 
was naturally slowed down c<m^iderahly in almost all 
countries and iiroductioii has not been alile to keep 
pace with the demand. 

Dr Nichols has had considerable jnactical experi- 
ence of livestock mana.eetnenl in Western Australia, 
;iiid, as l)ei»iitv nireclor of the Imperial Ihnvaii of 
.\uimal Hie'cdin.n and fieiietics, Pdinbiirt^h, is actively 
eniL»ai>ed in work connected with livestock improve- 
uieiit. In the small handbook under review he pro- 
vides an excellent summary of the advances made in 
this field and the lines alon.i; which work has been 
and should be can ied out. In the more advanced 
countries the study and applicati<Mi of the well esta- 
blished principles of .L»enetics have jilayed a very im- 
portant part in the improxeiiient of li\'estock, but 
as the author points out “Formal lieuelics does not 
always provide a satisfactory or convenient apj»roach 
to an underslandiniL; of the jninciples involved in 
‘piestions of livestock improvement and selection.*’ 
Its bearini's and practical applicati<)n are at many 
staj;es licuerally beyond the lay breeder. In thi'^ 
handbook an attempt is made to indicate “how i»ene- 
lical and environmental concepts are interwoven in 
the idea of slock improvement. ’’ 

Selection and mating system have in the i»ast 
been the two main tools of the breciler for improv- 
in.i; the breeds of his stock. Tlie discovery of the 
Mendelian System of Inheritance and the realisation 
the fuiidainental basis alonj> wliich hereditary 
I'lechani.sm operates in any animal from one i»enera- 
tioii to another have, however, made it imperative 
that breeders should, if their attempts at improvint' 
the breeds are to be successful, have at least a work- 
knowledge of the fundamental facts of genetics. 
“Inherited units or factors, which instigate or in- 
fluence the development processes leading to parti- 
cuhir characteristics** in the progeny “are termed 
14 LIICS. The facts and problems i>f inheritance depend 
upon the ways in which genes are passed on from 
one generation to another, and u]m)ii how genes act 
18 


and iiileracl.” 'flu* niechanisin »)f gene Iransini.ssion 
is tliscii.ssed in ^ome detail in the volume, and it i.^ 
shown that unions ])hvsiological characteristics of 
any animal are “dependent upon the expression of a 
gene coni\»le\. 'fhis complex has been built up b\’ 
a combination aiul interaction of natural and arti- 
licial .selection .‘■o that specii‘s and in turn groups of 
animals, such as breeds, have accjuired different kinds 
of accumulations of gene c«)inl)iiialioiis and fre(pien- 
cies. The form and degree of expres^i«m of the physio- 
logical traits depend in turn, anti to iliffeient extents, 
npt»n en\ ironmeiilal niodincalioii and geiielii'al xaria- 
tion.” 

The main geiielical aspects iij regard to livestock 
improvement discussed in the handbook are (/) Selec- 
tion of parents ; (//) Inbreeding as a mating system ; 
and {Hi) bine breeding. In siibseiiueiU ehapters the 
aullior discusses ( hit- Breeding, Cr<»ss Breeding, 
Mating bikes and I'lilikes, IVrfonnance and Progen.v 
Testing, Breed conslriiclion and tinally tlie relation- 
sliip between Tyiie and Ibiviroinnent, and concludes 
that “the poliev of imiuoxeinenl sliould be re- 
examined in relation to the general pallern of the 
environment, and the appropriate .systems, and selec- 
tion methods cho.seii aci'ording to what is known of 
their efleets.” 

I'lie general get-ui) of the work is excellent, and 
the extensive bibliography should prove very useful 
for finther inforinalioii on the subject. 

/b /'. 


Antimalarial Drugs, lly Owsei 'remkin, M.l)., 
ami I\li/.abetli M. Ramsey, M.l). Fublisliers : 

( )fiice of Medical Information, Division of Medi- 
cal Sciences, National Research Council, 
W’ashington, D.C., IbvS.A. 

Tin’s represents a iio-page paniplilel intemled to 
give the general hackgrtmnd of present knowletlgc of 
the treatment of malaria by drugs. The survey lias 
been fairlv' compreliensixe and almost all drugs whicli 
have shown promising results at some time or other 
in the treatment of human malaria have been noticed. 
A good bibliography containing all pertinent refer- 
ences has been appended at the end of the report. 

Malaria and its treatment is of particular im- 
portance to India, as this is .still the most outslandiiig 
cause of mortality and morbidity in this vast Sub- 
Continent. Though malaria is one of the few disea.ses 
whose epidemiology, incidence, life-hisU)ry of the 
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in()S(|uit<» NX'Cloi , j»alhoUj.i;y, etc., arc- fairly well 
nmlersto<Ml a^ a refill of nearly lOo years of malaria 
lesearcli, its Irealmeiil still offers «me nf the most 
baflliiiK of all problems to the physicians. In sjiite 
of the fact lluil three very effective antimalarial 
(lru.t*s -<iniiiine, mepacrine ami plasinochiii— are 
available to-day to .suppress the attacks, malarial re- 
lapses cannot be totally prevented. No dnij^ is yet 
know n w hich can affect the malaria parasite from the 
time of its entry into the human host following* a 
bite from an infected mos(inito (sparo/oite stage) to 
the stage when it attacks the red blood cor]niscles. 
'fhere is room, therefore, for intensified interest being 
given to continued chemolherapeiilic re.seaicli in this 
field. 

To h>cnss interest in this direction, the authors 
have lu'eseiited a review of the whole field of anti- 
malarial drug therapy starting from cinchona alka- 
loids to atebiin, plasmocliin, sulphonamide com- 
pounds, thio-bismol, arsenicals, antinionials, mercu- 
rials and amidino com])ouiids, etc. The search has re- 
vealed the ground already c<ivered and the obvious 
gai)s which need more attention of research workers. 
It is a good and timely review of an imixntant topic 
which can be read with profit by clinicians and re- 
search workers alike. 'I'he authors have shown a 
commendable gtasp of the subject in presenting this 
review . 

li. M. 


The Discovery of the Uses of Colouring Agents 
in Biological Micro-Technique. -Hy J. R. 

Maker. IV. i---. of flic ijucIccH 

M icroscotiool Cluh, l.ofuiou, (William^ \' 

Norgate Ltd. . Priiv i.v. (n 1 . net. 

'fins historical siinnnarv of the use of Colouring 
.\gents or Stains as the>’ aie teehnically known for 
demonstraling the minute iiiicro.scopic stnietiire ami 
eompo.sition of jilants and animals constitutes a very 
\ahiable contribnlion to the subject. U was first 
published in the Journal of lln' Quckett Microscol^ica! 
( luh (vSer. 4) I, No. 6 (104.^), and issued as a revised 
separate iianiidilel in 1045. 

The discovery and develo|)ment of the microscope 
]>layed a veiy important jiart in increasing oiir kmnv- 
ledge of the structure nf various organs and tisvsnes 
of the plant and animal bodies, but detailed studies 
of the minute structure of their finer components, 
the cells, was rendered jiossible only through the use 
ol colouring agents or dyes technically known as 
stains. While some of these stains— wdiicli are non- 
to.\ie — can 1 e used for the study of the living cells 
and tissues, others are only effective after the tissues 
have been properlv treated and fixed w’ith various 


reagents. Alicrotechnique in connection with the pre- 
l>aratiou of thin slices or sections of ti.ssues for 
examination with the highest powers of the micro- 
scope after proper fixation, staining and mounting 
ill media of definite refractive indices, has develotied 
into a regular science, and it is in this connection 
that workers will find it useful to have for reference 
a succinct aeeoniit of the discovery and uses of various 
stains. 

Dr Raker has classified the use of dyes under 
six heads: (i) Noii-vital dyeing or the colouring of 
killed or non-living tissue elements by sidistances 
which are insoluble in them, but which being 
absorbed colour these elements, (2) Vital colouring of 
pre-existent slrnctnres or the colouring of pre-existent 
structures in living cells by dilute s<»lulions of non- 
toxic dyes, (3) Histochemical colour tests or colour 
reactions which reveal the chemical composition ot 
the elements, (4) Impregnation with opa(iiie .sub 
stances resulting in the chemical reduction of a .solid )K- 
ami colourless or pale substance leav’ing an opacjin- 
insoluble residue, (5) Colouring by phagocytosis in 
which the juigocytic cells become coloured by taking 
up small particles or colloidal aggregates of coloured 
substances, and (fi) Injection of coloured subslann-s 
which fill lip spaces in organisms either mechanically 
or by the activities of the living organisms. 

In a tabic the author gives in chronological onKi 
the dates of the important discoveries arranged uiuIli 
the .si.x heads from i7i4-itS()6, and in the list of refer- 
ences all important literature lias been listed. Imji 
the first lime this monograph provides a delailetl 
sketch of the liislory of the subject, and should pro\e 
valuable for reference not only by liislorians of scien- 
tific subjects lull also by biologists ;iml biocbeinists 
in general. 

/L /'. 


Trenching. — Ry Sam Higgiidiottom. rubli.sheil hv 
ICilabislan, Allahabad, AlonograiiJi on Agricul- 
ture N. 1. j). T5, 1945. Price Nine annas. 

• 

Published fiir the first time in igiS, this revi^'nl 
edition is a timely publication when India is on tlic 
thre.shold of large-scale agricultural development. 
The author, a Pre.sbytcriaii missionary, whose jnoncei- 
ing work in .scientific agricnltiire led to the cstablisli- 
nient of tlie Allahabad Agricultural Institute and 
who .spent 41 years in this country, is enthusiastic 
over the iiroblcni of a sanitary and profitable method 
of di.spo.sing off all animal manure including hotli 
dung and urine from cattle, sheep, goals, horses, 
camels, pigs, poultry and elephants both li<|ni<l and 
solid, all kitchen waste and offal, old paj>er, hone, 
street sweeinngs, wood or cow-dung ashes, leaves 
dried vegetation and hedge clippings- 
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The system of dealing NNith manure aiul nibhisli 
as explained in this pamphlet was successfully j»rac- 
tised at the Government military grass farm, Allaha- 
bad, nearly 50 years ago. and In* the author at the 
Naiiii leper asylum for years. Rotted manure 

when applied to the soil loses a great deal of 
fertili/ing value, but when trenched a minimum is 
lost. In the Indian \'illage, the best manure is burnt 


or piled, with human excreta and \egetable rul>])isU 
and often containing jdanl food of considerable \alue, 
cau.sing an incalculable loss to the countiw'. 

The Ci)st of trenching, as detailed in the mono- 
graph is heavy, but judged in the light of results it 
is bnind to be a profitable investment and deserves 
propaganda ann)ngst the villagers and cultivators. 

A. K. a. 


LETTERS TO THE EDITOR 


\The t'diiors arc not responsible jor the views expressed in the letters. 


ON THE OCCURRENCE OF A MIXED INFLORESCENCE 
IN ARIOCARPUS INTECRIFOLIA, LINN 

In the course of an excursion, to the suburbs of 
Dacca, the writer came across a mixed inlloresceiice 
of Artocarpus intei^rHolid, Ijnn., not recorded pre- 
viously and which the writer believes to In* a new 
observation. 

Artocarpus inlc^rijolia, binn., is characterised b\ 
an oblong inflorescence (si>ike', having a M»li<] axis 
(rachis) lined externally by a crowd of very small 
llowers, cither only male or only female. The female 
inflorescence matures into a multiple simrious fruit 
known as Sorosis. Fruits, perianth leaves and axis 
become fleshy and unite into one sidid mass. li\ery 
conical bit on the skin of the fruit re]»resents a single 
llower of the inflorescence, from the conglomeration 
of whicli the fruit is formed. 

'fhere is only one erect stamen in the male 
l)<,»wers (Fig. Ilia). In tlie female flower there are 
two medianly i>laced carpels, the hinder one of which 
shows various degree of abortion (h'ig. 111b), that is 
why seeds are not always present in all the fruits as 
observed by Masters' and also by the present writer. 
Fen/.ig^ observed in a different species of .Irlocatpus 
tile occurrence of absolutely seedless fruits. 

In the specimen collected the writer observed that 
instead of the usual exclusive male or female inflore- 
M'ence as recorded b>' Hooker*, Frain', and Keiidle’ 
tile structure was a mixed inflorescence containing 
binale flowers below and male flowers above, in two 
distinct and se|)aratc /.ones (Fig. 1). The siiecimeii 

found after maturity of the flowers and majority 
’*1 the female flowers were fertilized and was in a 
d'^\ eloping condition (Fig. II). 

I'Siially after shedding of pollen grains the in- 
ll’»rescence containing male flow ers dry ui) (sometimes 
•ibi) attacked by fungus), and tall off while the in- 


florescence containing female flo\Ner^ tlevelop into a 
big infrncte‘'Cence after fertiliz;iti(»n. Hut here due 
to the combination »)f the ‘male and female inflore- 
^eence forming a single ''tnictiuc* the male portion 
after shedding their pollen grains dried uj) and at the 
same time was also attacked by a fitngus {Rhizopus 
nij^ricans) whiidi developed m\ Celia and started its 



V'lO. 1. Tlu- uuilure willi leauile lltiwt-rs 

and mall lluwus brlow. The lefl bniumi ot ilie 
''inictuve ali.ti-ked with fniieu^ with (li^uiKi /una- 
li»»iis. X Xal. -si/e. 

ImO. II. Part <»l tile speeiiueii »ln»\\nie die m.itiire 
female tloNxers and the -.talk of du- intkiresienei-. 
• y Nal. ‘^i/e. 

l-io. III. a. .Male llower wilh ])eriandi '.])lii «»|)iii. > •>. 

1). L.S of a female lloWer. yl). 
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(leslnu-iivc i»rocc>s (Imr. I . Thu funuilu iiortion uflur 
Ihu stiimihis «5f fertilization just started to ileveh)i» 
into ati iiifrnetesfeiice. 

MrkXki PkoSM) (ii*nv 


hotaiiN I'eparlnient, 

Jaiiannath Intermediate Colleiie, 
Dacca, 1(1-3-1045. 


' -^r. T., Tfraiulu_s.;\ , 407, ISHS. 

‘ (>., Vjlanzin rryatolni^v. 3. 219, 1922. 

linoker, J. I)., The i'lora ot Hiiti.sh InJia. 5. .^i9, .=^11, ISfM). 
' rrain, D*.. HetKKal lUani.s. 2. 970, 1903. 

■ Ut-iidlc. \. n., rill' i Ias<itictithui of Tlo.ot'tim: TUiiits, 2. 
.nl. liOS 


ADULTERATION OF BROKEN RICE AND FLOUR 
WITH SILICEOUS MATTER 

In tlie collide of our invcMi.ualion mi the de- 
infestation of grains and flour, we had occasion to 
exaniiiK several sanivlcs (;f broken rice and flour 
which are now listed anion.e tlu* rationed articles. 

'file lookeii lice presented some unusual features. 
Apart from infestation with insects and fuiiRi, it con- 
tained (luite a IurIi percentaRc of foreiRii matter 
possessiiiR nearly the same c<ilour as the rice itself. 
A Miiall part of it was (luartz, which had been appa- 
rently crushed to a size corresiiondiiiR to the broken 
rice itself, 'riicre was also some whitish coloured clay 
matter in the form of shreds, aRain correspondiiiR in 
si/e to the broken rice. 'I'liis appeared to be rather 
too much of a coincidence and on examination we 
found that the broken rice contained, on an averaRe 
22 per cent of ash, reinesented mostly by .silica. This 
is admittedly a very IurIi fiRure i)articulaii>’ when 
consideriiiR that the rice was praclicall\ free from 
paddy husk. 

\W have also recently examined specimens of 
flour, particularly wheat flour, containiiiR a luRh per- 
centaRe of .silica. This aRain does not appear to have 
been fortuitous. 

Apart from haviiiR to pa\’ a IurIi ])riex* for the 
foj»d materials, it is very unfortunate that the public 
should be compelled to consume a good deal of foiviRii 
matter which is bound to prove injurious in such 
laiRe <|uantities. Ilrokeii rie'e is larRely consumed by 
the p(w)r i»eoi»le in South India. It is sold at a lower 
price than whole rice, but it would be most unfor- 
tunate* it the poor people aiv given a laiRc runount of 
stone in plae'e of rice. 

There does not at present appear Ui be any syste- 
matic analytical control in regard to such food 
articles. It is possible that the .sellers imxluce some 
kind of certifie'ate, but the ])rovinces and States Inly- 


ing such articles should have an independent check 
on the composition. As the inihlic have practically 
no choice in regard to the selection of the fo(xl articles 
rationed out to them, it would seem to be doubly im- 
portant that there should be some kind of Slate con- 
trol to see that gross adulteration of the above ty])e 
does not take place. Provincial ('•overnnients and the 
State being the bulk purchasers should exercise the 
necessary control to see that the interests of the 
peoi)le whom they represent are ade(|uately safe- 
guarded. This could be done by fixing food s]x*ci- 
fications and peiialysing tlie suiipliers whose articles 
do not conform to the specifications. 

C. N. Mmlma R.\() 

\\ SrHK.Xn.MANYAN 


Department of Hiochemistr\ , 
Indian Institute of Science, 
Pangalore, i.S-5-1915- 


SYNTHESIS OF 8-METHYL-0:3:4-BICYCL0N0NANE. 
4 .ONE 


I.N a stud\ of two addition products d 
\'itaniin IL with maleic anhydride, Windaus an*' 
Thiele' observed that dihydnxlerivatives of the abovt 
adducts, obtained by the saturation of the donl>li. 
bond in the side chain on ozonisation vielded a 
saturated keteme of tlu comjiosition C,.,n;jdb 
which they assigned the structure (I, l\ 

CH, CH, 

l /'-■n, 

-cn-cn.. cn -cn— ch< i. i.atir 

and Joiisonii" al.so obtained a stereoisomer of ilk 
same ketone by a different route. Tlie iini>ortaiK«. 
of the .synthesis of the above type of ketone can 
hardly be overestimated in view of the fact that (luiu 
recently piyx'esses'* have been developed, wliich c.iii 
be made use of in building up the X'itamin Do nmlc 
cule starting from the above ketone. 

In this connection, as a preliminary study, wc 
have been able to synthesise 8-methyl-o : 5 :4'l)i' 
cyclononaue-4-one (1, by the follow in.:; 

method. 


R 


CH.n I 

/\/\ 


\/ — 


II 

O I (U-H 


CH, cir, 

I I 

or— CH— CH.—CH,— CII— CH 
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SoiUo-clcrivalivc of etliyl 2-inetliyl-2-ciirbetlu)xy- 
O'clopcutylcyanoacetale was condensed with ethyl 
/^-hroinopropionate and the resulting ethyl 
-carl)ethoxyelhyl-2-inethyl-2"Carl)ethoxycyclopciityl- 
cyancnicctate (h.p. iQ5-i07®/4-5 niin.) was hydrolysed 
hy prolonged refluxin.1; with concentrated hydro- 
chloric acid to yield <-(-J-inethyl-2-carboxycyclopcn- 
lvl)-j>liitaric acid (ni.p. Trielhyl ester 

(b.p. i75-i7t>^/5 111111.) of the acid snioothl\' under- 
went Dieckinann’s condensation in presence of 
metallic sodinni to ^2ive diethyl S-nietliyl-u : 3 : 4-bi- 
c\ elononaiie-7-oiie-4 : 0-dicarbuxylate (b.)). 200°/ 12 

mnr. For the subsccjiient hydrolvMs, the above ft- 
ketonic ester was relluxed in the crude state with 
sulphuric acid and the resullin.^ S-inetliyl-o : : 

|-l)icycl()nonane-7-one-4-carboxylic acid, which was 
l>urilied by vacuum distillation (b.p. 182^/5 111111.), 
v,()lidilicd (in. 11. sen licarba zone in.p. 217®). 

'Die above keto-acid was reduced by Cleinincnsen’s 
metlioil, when tS-methyl-o : : 4 -bicyclononane-4 - 

carboxylic acid (b.]). nun.), which was 

olitained as a colourless oil, was converted throii.^h 
its acid chloride followed by bromination and esteri- 
fication into ethyl S-niethyl-t-lironio-o : :4-bieyclo- 
iionaiie-t-carboxylate (b.ii. i42-i.i4°;S min.h The 
above broil lo-ester, on bein,e relluxed with alcoholic 
potash, yielded <S-niethyl-u : : 4-bicyclononane-A'‘- 

ene-4-carboxylic acid (b.p. ihi^/S nini.i, which on 
Ireatnieiit with >oduun azide .i^ave rise to S-niethyl- 
o : :4-bicyclononane-4-onc (1)4). g2-g4°/‘S nun., seini- 
carbazone, 111. p. 185-1^6°). 

Our thanks are due to Prof. 1*. C. Mitter for 
tile interest he has taken durin.q; the progress of this 
work. Authors are greatly indebted to Prof. S. X. 
lk)se of Dacca for his valuable advice. Thanks are 
also due t<i Mr N. (Iho.sh ^I.vSc. for carryin.e out 
microanalysis of the above conipounds. 

P. l?.u;ciii 

1). K. H.vnkkjkk 

Sir 1*. C. Ray Rc.search I'eilow’s Laboratory, 
I'niversity College of Science aiul Technolo.v>v, 

02, Ui)i)er Circular Road, 

Calcutta, 25-5-ig/k5. 

Wimliius and Thiele, Ann., 521, HiO, 1935. 

* Diiiirotli and Jonsonn, Her.. 74Ii. 52(1, 1941 

' Mder.slcy, Rurkliardt, (hlinaii and Hindley, /. C. S.. 10, 
HKO; Cf. Aldersley and Burkliardt, /. C. S., »545, 1938; 
IVIilas and Anderson, /. Ant. Client. Soc., 61, 2534, 1939. 
Dimroth et ah. Her.. 75B, 180, 322, 326, 510, 582, 126.3, 
1942; Ibid., 317, 1943. 


SYNTHESIS OF -^4:4' DI( AMINO METHYL) -DIPHENYL 
SULPHONE,- A HIGHER HOMOLOGUE OF 4.4 
DIAMINO DIPHENYL SULPHONE 

Thk anti.streptococcal activity of 4:4^ diainino 
(liplieiivl sulphoiie was found to be approximately one 
hundred times that of suh)hanilamide.' Moreover, it 
has lieeii found to possess inhibitory action aj^ainst 
experimental tuberculosis in animals, but its hif»h 
toxicity precludes its use in clinical tuberculosis in 
man. 

'Pile present in vesti.eation was undertaken with 
the object of obtaiiiini2 a comiiound of low toxicity 
but possessing hi.eher antisti eidoeoccal and aiiti- 
tub.rcular activitv than -i : -i '-diamino-diphenyl 
sulphoiie. Recently the hi.eher Inanolo.eue of sulfani- 
lamide has come into pniminence as ‘Marfanil*. It 
has a much hi.eher activity than Milfanilamide with 
the additional aihanta.ee of its solubility in water. 

4 :4 '-ni(aminomethyl) <liphen> l siilphotie prepared by 
us in the following wa\ has also been found to be 
s*)hible in water. 

/{ 14' -Dimethyl diphenyl sulphone" m.p. 158^ was 
bnmiinated in the side chain to .eive .] :4'-di(bn)mo- 
methyl' dijdienyl sul])hone m.p. The dibromo 

c*>mpouiul was condensed with iiotassium t)hlhali- 
mide in the usual wa>'. The phthalimdo comi)lex 
crystallised from ^kicial acetic acid and melted at 272® 
(found C r,b‘4'’n, H formula, C;,„Ho„No(),ivS rc- 

(luires C, h7 i7<», H, .V7‘)n). It was treated in alco- 
holic sus])ension with h>'drazine hydrate and then 
with hydrochloric acid. The diamine obtained in the 
usual way, crystallize<l from benzene and melted at 
I 25*^ (found N ()'8g‘,\,, formula C, reciuires 

X, io or%). The dihydrochloride crystallised from 
dilute alcohol did not melt even at 320® (found 
C, 4tS'5‘;o, II, 3’23',\. ; formula C, ,11 ,hN.^S( )aCl.^ rc- 
guires C, 48' D,*',,, II, 51'X). 

^ly thanks are due to Prof. P. C. Mitter for his 
valualde advice and cncourai»emenl during; the course 
of the investi.eatioii and to Messrs. N. (Ihosli and 
S. ('.hosh for micn)analyses of the samples. 

Mpnindra Cha.xdka Skn Gupta. 

Palit Laboratory of Chemistry, 

I'niversity College of Sedence 
mil Tcchnolo.ey, Calcutta. 
t)-7-iQ45- 

‘ Buttle, Slepheiisoii, Smilli, Dewiii.i; and I'oster, Lanccl. 

/, 1331, 1937. 

*()Uo and Be*ckurt.s, Iter., II, 2068. 

• (ienvresse, Hull. Soc. Chiin., .17, 9, 707. 
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UFE HISTORIES OF SOME CARNIVOROUS FISHES OF BENGAL 

I,ifi:-historic‘S of iuiporlaut carnivorous fishes of lleiiRnl are still not recorded. This chart will give an 
<)plM)rtnnity to coniiiarc with some fragmentary data already known for workers in this line. The study 
of such fishes have been made in connection with tlie scheme under l.C.A.R. The details will be published 
elsewliere. 


Spawiiin.v: .v;rouiul. 

Niiluru of u.vjKs. 


Si/e of llu- ejLj.ns after 
swelliiiii;. 

‘SeKiiieiilalioii. 

fd) 8 eellecl .’sla.vje. 

(b) 16 eelletl sta.^e. 

(c) 32 relied staj-e. 

(di) .>raii> eelled 
slaj^e. 

'Coiiii)letion of yolk in- 
vasioii and formation 
of I)lasto])ore. 

Appearanee of embrxo- 
nie nidinicnt. 

Appearanee of tlie ojilie 
riidiiiieiil. 

A])pearanee of heart 
rndiinent. 

Appeaninee of .L;ill nnli- 
nieiit. 

Appearanee of peetoral 
fin hud. 

.Njipearaiiee of ntorx^t 
rudiments. 


.h/idias 

Xoloplcnis iiotoplci HS. 

Ophiii’pltalus 

puiictiitus. 

1 

1 Walla j^onia 

alln. 

Aliddle of .\pril lo 
Middle of June. 

Afay Id July. 

June to .\u.v:nst. 

June to 11 . 14 list. 

Padily field aiul 
sea.sniial ])onds. 

Inundated bed of 

l>onds near embank- 
ments 

kiee fii-ld and ponds 
in sjieeially built nest. 

Inundated lields ami 
biindhs. 

1 ‘Ioatiii.L* . 

Demersal with adhe- 
sive substanee on the 
egjLj meiiibrane. 

Idoatini;. 1 ‘loal at the 
centre of the nest. 

Demersal. 


0-7 mm. 1 

' 

; 3-5 mm. 

1 mm. 

1-2 to 1-5 mm 


ke.!.:ular 

45 mi. sinee fertilisa- 
tion. 

1 hr. 50 mi. fertilisa- 
tion. 

2 hrs. fertilisation. 

! 

; ke.niilar. 

40 mi. sinee fertilisa- 
tion. 

I hr. 10 mi. sinee ferti- 
lisation. 

Sej»nientalion iaiinot 
be followed. 

kejiiilar. 

1 Time variable and de- 
jieiuls .greatly on the 
intensity of vSun rays. 

’ 

ke.nular 

45 mi. since 
j Lion. 

, I hr. sinee 
lion. 

Se.i’nienlation 

1 be followed. 

ferlilisa 

fcrlilisa- 

eaiiuoi 

1 

9 hrs. after fertilisa- 
tion. 

1 day 20 hr.s. 20 mi. 
sinee fertilisation. 

’ .\lN)ut 7 hours since 
fertilisation. 

7 hrs. since 
tion. 

fertilisa- 

10 hrs. after fertilisa- 
tion. 

2 days, 18 hrs. 20 mi. 
sinee fertilisation. 

1 .\bout 8 hours since 
' fertilisation. 

, 8 hrs. siiue 
tion. 

fer'.ilisa- 


12 lirs. 45 jui. 


4 th dav. 


j About 12 to 15 hours 9 hrs. 30 mi. siiue 
; siiiec* fertilisation. fertilisation. 


13 hrs. after ferlilisa- 6 th ilax after ferlilisa- | .\houl 15 hours siuee 15 hr.s. 30 mi. after 
lion. lion. i fertili.sation. fertilisation. 


24 Ills, viinee halehini^. 


24 hrs. ^inee hatehin.v:. 12 hrs. siuee fertilis.i- 
tion. 


1 ‘eriod of iiieuhatinn. 18',. to 20 hrs. 

hen.irth of newly 1-9 mm. 

hatehed larva. 


9 hrs. siiue halehin;^^. 7th ilav after ferlilisa- I 12 to 15 hours sinee 31 hrs. sinre ferlilisa 
lion. I fertilisation. tion. 

I 

15 hrs. sinee ferlilisa- 5th day ,, ,, j 12 to 15 hours siuee 14 hrs. 30 ini. ^iiu'' 

tion. I fertilisation. ferlili.sation. 

18',. to 20 hrs. I 9 days. ' About 1 day. In aipia- 15 hrs. 20 uii. sime 

rium about 4 davs. fertilisation. 


9 days. 

8-5 mill. 


.\ppearanee of median 
lin-fold. 

he,t,n' lining of pul.sation. 


.\ppearanee of dorsal 
fin ru/liment. 

Appear mee of pel vie 
fill riidiiiieiit. 

A])peuranee of anal lin 
rudiment. 


16 hrs. sinee ferlilisa- . 
lion. 


12 to 15 hours siiu'e 14 hrs. 30 mi. siiu'e 
fertilisation. fertilisation. 


; 16 to 17 hours sinee 
i fertilisation. 


j 3rd day after hatehin.ir. j 
j mil day ,, ,, I 

I 

I 11th ilay ,, I 


6 to 7 days sinee ferti- | 7 days sinee fertili^ '- 
lisation. tion. 
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.1 iiabas tcstuiliucHS. 

\|)pc.'iniiu'f t»f Hoak>. KS jl.iys afli r liauliintj. 
Xppcaranre of liarlu ls. alfMiii. 

Ai)pcnraiu’t of liver 12 lirs. after li.iteliintr. 


Notoptcrus iiiiloptc! us. 


(^phiti'plMlu.'i 

puuclatus:. 


, 13th day after hateliiiitr about 2 weeks .ifter 
! Iialeliiii.Vi. 


6tli ilav ,, 

(Maxillary barbels) 


absent . 


H a//ci.i,'o»;/4r tttlu. 
absent. 


14 lirs. 30 nii. -inee 
fell ill sal i«»n. 


Appcaraiiet? of air 
bladder. 

Frv. 


24 brs. 


Ten enl«»ur baiuls are 
visible, i>reina.\illee 
provided with small 
pi.i'iiient ilots; de- 
pressioiis in inter 
orbital and oeeipital 
Te.eir)ns, seales on 
head. Posterior ed.tje 
of the operenhnn is 
spinate. 


Habitat of tile adult. Same as W. attu. 


I'elvie tins jointed to j Miiutli u])iurned, si ali s 
I a eortaiii extent aloni» on the head ; Dorsal 
the inner sl«lc from ■ and ventral margin- 
the base and free ; of the. bod\ Ididdx 
distally, number of ’ pijkonented. 
bands recliieed to 10. 


Fresh and brackish | Fresh water of India, 
waters of India. ' Burma, t'eylon and 
! Afriia. 


Habit. 


Parental 4Mre. 


Carnivorous. 


I Not fouml. 


Carniv<*rous. 


! Carnivorous. 


Iliad \er\ niueh «le- 
jiressed ; snout is 
t>])atulated ; barbels 
])resent, lins with 
rays, laud.il tin ileep- 
ly h»rked, lateral line 
prominent, tootheil. 


I'resh waters uf India. 


Cnrnivonms and harm- 
ful to lish frv .md 
binall fishes. 


Parental care .mnerally ; Both male and female 
develo]vs upon the | .i»uard the nest ,ainl 
male which can be ‘ fry till the offsprin.es 
easily caiyeht. are. sufficiently old. 


Not found. 


Dcparlinciit of Zoology, Calcutta rniversity, 
Bally. nuu.^c Circular Road, 

Calcutta, .'^T-5-T945. 


H. K. Mookkrjhk 


TOTAL SYNTHESIS OF THUJONE 

Thujonh; (I), the naturally occurriiij; bicyclic 
terpene ketone occurs fairly widely in nature. It lias 
licen isolated from thuja oil, sa.t^e oil, tansy oil, worm 
wood f)ils, etc. The constilntioii of tliiijone has been 
a subject of keen study by several authors, notable 
iiniom; whom are Wallach, Seinmler, Ruzicka, etc. 
'I'lie eoiistitutioii is known with a fair de>»ree of cer- 
tainty from a study of its de^^radation products, but 
uo total synthesis either of the ketone or of its de.ura- 
tlation products has yet Viceii achieved. 

Ruzicka and Koolhass' efTecled a partial synthesis 
•'f tiuijone starting from tluijaketonic acid, the iimne- 
<liate de.gradatioii jiroduct of thujone, analogous to 
tlieir synthesis of pinaeam phone from pinonic acid,” 
tluijaketonic acid having been synthesised from the 
anhydride of <-thujadicarboxylic acid,’’ and synthesis 
'>f unibellularic acid^, a lower homologue of thuja- 
tlicarboxylic acid having been already achieved, it 
“uly remains for the total synthesis of thujone, to 
\^nthesise thujadicarboxylic acid from unibellularic 


acid. This synthesis has now been accomplished 
according to the scheme outlined l>elow : 

r 

I k',ll,-r.CH< 

CH VhJ 

HC/\C() 

1 CO XiioKt C.,H;-C— C(CH 

H.c\/au ”■<! >"—>'.<1 

c ■ CII-CO Cll COjKt 

I ir HI 

CH 

/N 

CII, CH, C,1I,--C C0C1C,H,-C-C0-CH<11 
„,V\ CII,N.. 


I 


HX<(| 

CH-Co,Kl CH-C<).,Ht 
IV^ V 


C,,H,— C,— CIL— C( ),H C,H,— CV- CH..— CO.H 

HX<^| 

alcohol CH-C(\,Kt CH— CO.II 

VI VIT 
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The mono-ester (III) derived I’rom unihellularic an- 
hydride (II' yielded the mono-ester mono-acid 
chloride (IV) with thionyl chloride. The acid chloride 
witli dia/-<>Miethane «a\e the diazoketone (V) which 
with A.i>J) in alcoholic siispeiisioii rapidly lost 
iiitro.eeii. 'file nitro.een-f'ree product after hydrolysis 
with sodium carbonate solution yielded an acid melt- 
iii.e at to w liich tlie constitution of isomeric 

thujadiearboxylic acid was tentatively assigned' by 
us. Careful fractional crystallisation of the acid 
iiieltin.u at Sd-Si® revealeil it to be a mixture of thuja- 
dicarboxylic acid (\’II), iii.i). and uniliellu- 

laric acid, m.p. 03^ Mixed melting point of the 
synthetic thuja-dicarboxylic acid with a .genuine 
sample of <-thujadicarl)oxylic acid, prei)ared by 
oxidation of thujoiie remained undejiressed. Iv|uiva- 
leiil weii*ht determination and combustion values 
a.eree well with the values theoretically re(juired 


(Found : Eep Wt. 02 92 ; C. 57*94 ; H, 7*55. CaHi.O^ 
re(|uires lup Wt., 05 0 ; C, 5^^■ob ; H, 7'53 per cent). 

M. vS. Mutiianna 

P. C. Cuirv. 

( li^ianie Chemistry Laboratories, 

Dept, of Pure X:i Aiiplied Chemistry, 

Indian Institute of vScieiice, 

Hani»alore, 22-ti-u)45. 


‘ Uu/ii'ka and Koolliass, //<’/.*. I'liiin. .Ii/a., 15, ‘144, l‘KU 
■* Ru/icka and Treblt-.r, Hclv. I'ltini. .trfii.. 4. tidl), 1921. 
‘<',ulia and Ariitlianna, Bcr., 71, 21)71, H)3S. 

' Ran.v^anatlian, j. Iiui. Ciicin. Soc., 13, 419, 193d; Sinum- 
scMi cl alia, /. C \ S., 82S, i93ti; RViitni, Ibi3., .s29 ; (iiilia 
and .Miitlianiia, Bci.. 71, 2firtS. 193S. 

‘('.iilia and Arullianna, f. hid. In^l. Sci., 22.1. XXH. 
275-2S5. 1939. 
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A PLEA FOR THE REORGANIZATION OF 
BOTANICAL SURVEY OF INDIA 


TN recent years, ^reat progress -^las been made in 
the investigation of the vegetable resources of 
almost all progressive countries of the world, parti- 
cularly those involved in the World W^ar IT which 
fortunately for mankind has at last come to an end 
after six years of terrible bloodshed. The need of 
fully utili/ing plants and plant products for food, 
medicine and industrial purposes was never before 
felt so much in the history of the world. Different 
nations are vying with each other in the campaign 
for a rowing More Food, betterment of its nutritive 
value and storage by modern methods including 
dehydration. Increase in the (luantity and quality of 
(Toi)s is based on the results of intensi\'e researches 
in pure and applied sciences carried on in the differ- 
ent agricultural, botanical and horticultural institu- 
tions. In some countries, specially Russia, Tniver- 
sity workers, Goveriimeiit officials, and non-oflicial 
scientists all put their lieail and heart together as 
members of one family in order to raise the standard 
of food production. 

A glance over the activities of the old and re- 
cently established Russian institutions as outlined in 
die article entitled “Institutions under the U.S.S.R. 
Academy of Sciences** by M. N. Saha and S. N. Sen, 
published under “Biological Sciences*’ in Science 
A xn Culture, August 1045, Vol. XI, No. 2, reveals 
what an amazing forward step has been taken in 
Russia to better the economic well-being of her 
people in spite of their life and death struggle to pre- 
serve freedom and integrity of the nation. 

Important botanical investigations have been 
carried out in recent times even in China, which has 
hoen engrossed in the war for many years. Botanical 
exploration has continued and important works like 
die ‘Flora of Fukien* by Metcalf (1942) and ‘leones 


Plantarum Omeiensium* by Wen-fei-Fang have been 
published. 

In the United States of America, Dr B. ‘A. 
Krukoff and his collaborators are doing intensive re- 
searches on tropical plants including a large number 
of Indian ])lants for manufacturing insecticides and 
insect-repellents. On the pure systematic side which 
has a great bearing on the applied as])ects of botani- 
cal and agricultural investigations, voluminous 
works arc being iiroduced as a result of botanical 
explorations In different parts of the world on differ- 
ent classes of plant kingdom by Prof, D. Merrill, 
Administrator, Botanical Collections, and his as.so- 
ciates in the Harvard University, Arnold Arboretum, 
New York Botanic.'d Garden, vSmithsonian Institu- 
tion and other botanical institutions of U. S. A. 
Vigonius attempts are being made to collect botani- 
cal materials, both dried and living, from diffgrelU 
parts of the world, including India and Burma, to 
enrich the herbaria of botanical institutions, Univer- 
sities and botanical gardens in the United States of 
America. 

In his article on ‘The New Systematics of Culti- 
vated Plants*, the di.stinguished Soviet botanist 
V^avilov’*' remarks : 

“The I'lora of Cultivated Plants of the P. S. S. R. 
which we have started to publish is a tirst allempt at a 
critical .survey of the diversity of varieties of important 
crops on a world scale. Wheat and potatoes give us a good 
example, of how coiiqilii'ated cvohitit:»n is. From hViedrich 
Kornicke*s very ‘dimple •scheme of classilication of cereals, 
published in 1885 in his JJaudbuch dcs Getretdebaues. we 
are proceeding farther and farther with the o])ening up of 
new continents of varieties. Recent detailed studies of 
Chinese wheats have led us to the necessity of estahli,shing 

•We were sorry to learn that Vavilov died about two 
years ago.— Ed. Science and Cueturk. 
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new complex Liiinean species, differentiated into a j^reat 
number of botanical varieties unknown in other parts of 
the world, although of secondary origin. By crossing dif- 
ferent types within the same nu)rphological sf)ecies, geneti- 
cal differences have been established. Hybrids between 
different durum wheal types proved to be sterile. Cyclic 
crosses showed definitely the appearance of many lethals 
in crosses between Indian and European types of soft 
wheat.*’ 

“Plant breeding requires for its purposes not only a 
knowledge of morphological botanical varieties but also a 
knowlwlge of their differentiation into ecological and phy- 
siological groups. What interests plant breeders more than 
morj)iiological characters are differences in resistance to 
ilrought, to cold, to various fungi, bacteria, viruses, and 
insects, and also bic^'hemical differences between varieties. 
The needs of practical plant-breeding have brought us t<i 
the elahoration of a new, agro-ecological classification of 
intraspecific diversity on a world .scale, as far as this has 
been possible for us. Tliis work could only be accomplish- 
ed with the aid of what we call ‘geographical sowings* in 
different regions, studying the same varieties (collected 
from all parts of the world) under different conditu)ns. 
examining their reaction to different parasites, to various 
environmental conditions.*’ 

Til these* days of .scientific advancciiieiil, there- 
fore, no one with any pretence to education can dis- 
pute llic value and necessity of intensive botanical 
survey of unknown and little known regions of the 
world. In fact, botanists look for the earlie^st oppor- 
tunity to discover new species, varieties or forms of 
plants for crossing and hybridizing purpo.scs with a 
view to iinproving crops, fruits, timber, flowers, pas- 
tures, fibres, gums, oil-yielding plants, medicinal 
plants and various other plants used for economic 
purposes. Prof. Vavilov has rightly stressed upon 
the improvement of the vegetable wealth of the world 
by proper exploration in the following statement: — 

“Sotne biologists arc of the opinion that the age of 
classical sy.stemalics is al an end. I'roni <iur personal 
experience we have come to the conclusion llial even for 
cultivated plants, .such as wheat, potatoes and fruits, this 
is not quite so. For there, are vast areas in South America, 
Central .America and vSoutherii .Asia with enormously rich 
floras, which have not yet been studied even superficially. 
If we say this from our experience with cultivated plants, 
it is still more applicable to wild floras. Thousands ami 
thousands of new species arc yet to be discovered. .And 
the lack of even such superficial knowledge is a great 
hindrance to our general underslanding of the flora and 
fauna of the world. The basic biological work, wbicli 
must embrace a knowledge of the tntire flora and fauna 
of the. world, is not yet finiMied, even in its first approach, 
i.c., in the Linnean understanding of species. But from 
what w’c have already said here it is suflicicntly clear that 
we regard clas.sical syslematic.s, which works only with 
Linnean species, as merely a first step in hi<ilogical know- 
ledge -and quite superficial for the pur|»o.ses of practical 
plant and animal breeding. Nor does it .sati.sfv require- 
ments of a thorough stmly of species from an evolulioiiar} 
point of view.” 

“We are now entering an epoch of ditierential, ecologi- 
cal, physiological, and genetic classi Aeration. It is an 
imm^se work. The ocean of knowledge is practically 
untouched by biologists. It requires the joint labours of 
many different .specialists — physiologist.s, cytologists, gene- 


ticists, systeinatists and biochemists. It requires the inter- 
national world. The most remarkable regions of the world, 
the cradles of primitive civili/ations — the niianitaiuons re- 
gions fjf Southern Asia, Central and South .America— are 
still in need of investigation even as to their resources f)f 
cultivated plants and domestic animals.*’ 

“We do not dosbt that the new systeiiiatics will bring 
us to a new and better undei standing of evolution, to a 
great increase in the possibilities of governing the processes 
of evolution, and to great improvement in our cultivated 
pjanls and domestic breeds of animals. It will bring us 
logically to the next step : integration and synthesis,” 

The need for floristic studies from pure and 
applied standpoint was so much felt in Russia that 
reorientation of their botanical institutions has re- 
cently been made by the authorities as quoted by 
Saha and vSen : 

“Facilities for the study of biologiea! and botanical 
sciences under the .Academy were greatly increasetl after 
1929, when the main BoUmical Ciardens in Leningrad, 
formerly under the People’s Commissariat of Agric'iiltare (,( 
the R. S. F. S. R. (Russian Socialist 1‘ederaled Soviet 
Republics), were transferred to the V. vS. vS. R. Academy 
of Sciences. Thc.se gardens were founded in 1714 by I*cter 
I. The Academy tmcl the Botanical Museum wliieh w.ns 
merged with llie newly tran.sferred Rot.'inieal (i.inleii-i.” 

“From these two institutions has emerged the famous 
Botanical Institute of the Academy, which, in 1940, was 
renamed the Komarov Botanical Institute in honour of 
Vladimir Komarov, President of Ihe Aeademv. 'The Insti- 
tute’s herbarium contained about 5 million specimens in 
1943. The library of the Inslitutc, eonlaiiiing more tluui 
135,000 volumes which iTichuIe the most important literature 
on the subject of botany since the 15th cenlur\ , is one of 
the best libraries in the world.” 

A comparison with these activities towards the 
expansion of botanical institutions and gardens in 
Russia and elsewhere with those in India shows that 
the floristic investigation in India is in a deplorable 
slate of stagnation. In India, certain fpiartcrs own 
suggest the suicidal policy of separating the Herba- 
rium from the Royal Botanic Garden at Sib] 'in, 
whereas in Russia and other leading counlric'^ 
amalgamation of the herbaria and laboratories leilli 
the garden for proper study of all aspects of plaid 
life in the field and the herbarium is considered in- 
dispi^ nsable. 

Royal Botanic Oardkn, Sthpuk 

The greatest event in the history of botanical 
research in India is no doubt the foundation of the 
Royal Bedanic Garden in Sibpur, near Calcutta 
(1787).* This was made i)ossible through the cx- 

* The Sibpur (lardcii founded in 1787 stxui becciUie lltc 
Fkist India Company’s garden and remained under ili» 
juri-sdiction of the Govcrnors-General of Fort Willimu at 


Governor of Bengal, and it has since then reiiiaine«i -‘j 
With the creation of Botanical Survey of India in 
Government of India revived it.s interest in the Garden. 
(See Appendix). 
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ertion of Col. Robert Kyd who was a keen horticul- 
turist. With the establishment of the Ilotantc 
Garden, a recognized centre of botanical activity in 
India was formed, and with it began an association 
of a series of very brilliant botanists to wlioin we 
cannot but look uj) with gratitude and respect. The 
original object in the establishment of the garden 
was the introduction of new economic plants and 
their acclimatization on Indian soil, and considerable 
progress was made in this direction. A few examples 
may be given. 

The tea industry in India was established 
through the efforts of the Sibpur botanists. Sir Joseph 
Ranks in 1788 recoinmended to Warren Hastings ex- 
periment on tea cultivation in North Rengal. Later 
in 1826, David vSeott discovered that tea grew wild in 
the forest of Assam and in 18.^5 Wallich, Griffith 
and McClelland (oflRcers of the Botanical C»arden. 
Sibpur) were deputed by L<>rd William Bcntinck to 
visit Assam and report on tlie indigenous tea, and 
as a result of their efforts the tea industry was e.sta- 
blished in India. Kxpen.ses for llie Indian Tea Com- 
mission and another mission to China to study the 
cultivation there cost Goveruiuent of India about 
Rs. 2 *,70,000. 

The history of the introduction of rul>ber into 
India is quite interesting. In 1876, H. A. Wickham, 
without any authority, pledged the credit of the 
Ooverninem of India to charter a new shi]), and 
before the Brazilian Government could know of any- 
thing, smuggled out from the mouths of the Amazon, 
a good iiuantily of the seeds of llcrca. He Inought 
these to Sir Joseph Hooker at Kew. These were 
grown in the Orchid Houses at Kew and then 
supjilied to India, Ceylon and Singapore. In 1877, 
.seeds were .sent to Mergui by Sir George King of 
Botanical Garden, Sibpur and coiisideralde efforts 
were made by him to organize para-ruliber plantation 
in Kurseong, Jali)aiguri and Buxa, but the reports 
were not favourable. 

vSir Clements Markham was tlie actual collector 
who i)ushed into the forests of Peru and Leiuulor and 
‘'It a great personal risk brought back young 
plants and seeds of ciuinitie-yielding cinchona which 
were raised in thousands at Kew for distribution. 
After the Dutch had naturalized cinchona in java. 
Lady Canning deputed Dr Thomas Anderson (of 
Sil)i>ur Botanical Garden) to Java, who l>rought a 
huge consign men t of plants to Darjeeling and 
acclimatized them in Sikkim Himalayas. Later, 
dirough the exertions of Sir George King, cinchona 
^'idtivalion and manufacture of (piiniiie were made a 
^'oinmercial success. 

Hy the introduction of some of the best kinds 
sugarcane from the West Indies and the dissemi- 
nation of these to all parts of the country, a consi- 


derable improvement was effected both in the (piality 
and (piantity of the sugarcane crop of the country 
by tile Sibpur l)otaiiists. 

Other plants experimented upon, on their cidli- 
valion, are flax, hemp, ramie, tobacco, sarsaparilla, 
coffee, mulberry, cardamom, cocoa, ipecacuanha, 
aloes, cannabis, etc. It is obvious that the results 
of exploration and subsequent systematic studies of 
plants collected, for experimental cultivation and 
chemical investigation in the past, by the staff of 
tlie Royal Botanic Garden, Sibpur, led to the dis- 
covery of .some of the most impfirlant economic plants 
in India in the last ceiilury. 

In the improvement of Indian eoUcm and in the 
introduction of jute to the markets of luirope, the 
Silipur Garden autliorities worked hand in hand with 
the Agri-horlicultural Society of India. Bengal 
(Dacca) Cotton (a variety of (iossypium licrbiiccum) 
was one of the finest cotton in the world, providing 
cloth of astotiishing beauty and fineness. The plant 
was annual and afforded two croi>s in the year (April 
and Se]>teiiiber), in the districts of North-West Dacca, 
and the favourite sites were the high banks of the 
Ganges and its tributaries. The fibre of this cotton 
(bairali kupa), was extremely fine, silky and strong 
and admirable for the mamifacliire of muslins and 
thinner fabrics. Roxburgh in his ‘Flora Tndica’ (1832) 
gives the points of difference between the ordinary 
Bengal and special Dacca cotton and the M»S. ])latc of 
life plant is in the herbarium of the Royal Botanic 
Garden, Sibpur. No alicmpl has so far been made 
to re-discover this Ihicca variety of llrniral cotton 
wliicli api)ears to have disapi)eared and Bengal, 
which once supplied the world with cotton fabrics 
iiiaiuifactiired out of the cotton gn)wn on her own 
soil, is declared h) be unsuitable for the growth of 
cotlon idants I It is clear that attempts should be 
made for the re-discovery of the plant. 

Of recent inlroduclion is the 'rung oil j»lant 
(.I/t*Mnb\s' moniana), a source of oil so useful for 
various industrial imrposes. 

Tlie Sibpur botanists have also taken a leading 
part in another economic enterprise of the Govern- 
nieiil r/«.. the Koiest Department. Introduction of 
exotic trees received aiteiilion and in the garden 
there still remain a few of the original mahogany 
trees introduced in the early years. Cultivation of 
teak tree was also begun on a large scale and con- 
tinued for .^5 years, when it became clear that on 
the muddy soil of the Gangelic delta, leak stems early 
become hollow near the ]>ase and therefore incapable 
of yielding sound timber. 

Rkcknt Russi.\n Work on Botamc.m. Hxflor.atioNvS 

The example set in recent years by the Soviet 
workers working under the guidance of Vladimir 
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Komarov, President, U.S.S.R. Academy of Sciences, 
Vavilov find other academicians, should serve as a 
Ruidc to what could be achieved ev^en now by explora- 
tions and expeditions in India and elsewhere. 

Ill recent years, in llieir hunt for rubber-yield- 
ing plants, the Russians have discovered Taraxacum 
Kok-saj^hy», (a dandelion) in the Tian-shan moun- 
tains, whose roots produce ruljber of great potential 
value. The history of this plant has been closely 
interwoven with the destiny of many millions of 
Soviet people and in the present war, Russians are 
commercially extracting rubber from this plant. 

The discovery of i)erennial wheat by the 
Russian agronomist, Nikolai Tsitsin, Director of the 
Moscow Botanical Garden, is of very great im- 
portance for a world that often goes hungry. The 
new wheat is a hybrid, between wheal and couch 
grass (Af^ropyron repens Beauvj. Tsitsin has also 
treated the rye in the same way. If wheat and rye 
can be so treated, why not rice, millet and other 
cereals? Tsitsin made .^0,000 trials before he found 
success. 

‘‘Explorations by Russians in Central Asia and 
Caucasus have led t(^ the discovery of numerous wild 
and semi-cultivated varieties of plums, apricots, 
peaches, almonds, cherries, apples, pears, grapes, 
walnuts, etc. Most of these varieties were previously 
unknown to science and are endemic in these re- 
gions. Many exhibit great hardiness, resistance to 
drought, frost and several diseases. Some also show 
good quality and flavour. For these reasons they 
have proved of great value in breeding work. As a 
result of these discoveries large areas in ySoviet Union, 
formerly barren, have been brought under cultivation 
and turned into i)rolitable orchards. 

Three out of the eight ‘primary centres’ or origin 
of the cultivated plants recognized by Russian 
workers border India. These are (0 Central Asia 

(2) mountains of Eastern and Central China and 

(3) Indo-Malayan region. India is therefore in an 
exceptionally favouraldc position to organize the ex- 
ploration of the wild forms of the old world fruit 
trees. This may greatly help in extending the area 
under cultivation in this country and improving the 
quality of the fruits already under cultivation,” 

Work in U.S.A. and I^atin America in recent 
years also deserves mention. Par the mum arjicntaium 
((jiiayulc plant), a desert weed, which grows, wild in 
Mexico, is now being intensively cultivated in U.S.A. 
under Government direction for vegetable rubber. 
The history of its discovery is instructive. 

The Cinchona Mission in South America sur- 
veyed recently a considerable area in the mountains 
of South America in search of other wild siiecies of 
cinchona having minimum alkaloid content. Several 
new* iBpecies were discovered by the technical aid of 


botanists and chemists of this Mission, during the 
World War II. 

Progressivr Extinction of Botanical Survey 
IN India 

No planned and systematic survey of any part 
of India could be undertaken in recent years owing 
to the absence of funds, etc. There is no denying 
the fact that even the unlimited vegetable resources 
of this country are not yet iiroperly explored and to 
carry on this investigation it is imperative and urgent 
that the botanical survey should be re-organized. 
Unless the survey is brought to its proper footing, 
India will lose a great market in the future. Future 
India looks forward to a better and higher standard 
of living for her millions of tillers of soil and she 
needs more vegetable raw materials to foster her 
developing industries. 

The Cryptogamic flora {viz., algae, lichens, 
mosses, ferns) of this country which may lead to 
valuable discoveries of great economic importance is 
still left almost untouched. (Late Sir EM win Butler 
was appointed the Cryptogamic Botanist in iqoi at 
vSibpur, but he was soon transferred to Dehra Dun 
and later became the Imi)erial Mycologist at Pusa. 
Since then, there has been no appointment to tlie 
post of cryptogamic botanist in the l)otanical survey !) 
The survey of marine algae along the shores of the 
Indian empire and those in the Chilka I^akc may 
supply suffleient raw materials for i)rofitable indiistr\ 
in agar agar and iodine. 

The Botanical Survey of India (see Appendix) as 
at i)resent constituted is unable to cope with such 
enormous work which promises a bright future for 
the country. In their Annual Reports, successive 
directors referred to the rapidly accumulating mass 
of collections, exceeding the capacity of the staff to 
deal with them in detail. 

Attempts to expand and re-organize the botani- 
cal survey made from time to time have .so far failed. 
A sub-committee appointed at the thirty-sixth inject- 
ing of the Board of vScientific Advice of the G(wern- 
nicnt of India in iqto — to consider proposals for the 
re-organization of the botanical survey — consisting of 
Col. Gage and others recommended inter alia : 

(1) The Government of India to lake over the Royal 
Botanic Garden, SiT)pur with its herbarium and library. 

(2) The herbarium and library of the botanical surve>. 
at present in the Indian Museum, to be transferred to and 
amalgamated with the herbariutn and library of the Koy.'d 
Botanic Garden and herbarium building to be enlarged. 

(3) A research laboratory ^o be built in the Royal 
Botanic Garden. 

(4) The public galleries of the industrial section <>f th»j 
Indian Museum (under the botanical survey) to he retaimjd 
where they are and developed under the charge of a higni> 
qualified staff. 
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(6) The staff of the hotaiiieal Niirvey lo he enlar.niul as 
rapidly as possible to the scale ami on the pay indicated. 

The recurdiiK expenditure was estimated to he 
Rs. 4,50,000 per year. 

The proposals siihinitted l>y the Hoard were 
accepted by the Ooverninem of Fiidia hut their iin- 
pleinentiiiR was postponetl on account of financial 
stringency. T'he staff of the Hotanical Survey was, 
however, strengthened to some extent in iqio. This 
staff carried on the routine work of the department. 
There was a set hack of the Department later on, 
when sometime in 1027, the exidoration urant was 
sto])i)ed and suhse(|uently in 1051-52 one of the 
systematic assistants (out of two) was retrenched as 
a measure of economy and the ('ia.ee Committee’s re- 
port u as pigeon-holed ! 

iNDIXN SCIliNTlSTS DKMANI) UKVIVAI. DP 
HdTAMCAI. vSpRNKV 

The (piestion of the re-organizalion of the Hota- 
nical Survey was next consitlered l)y a Committee of 
the Hotany section of the Indian Science Congress 
Association at its Jubilee Session in 1058. The con- 
clusions arrived at by this Commitlee had the ap- 
proval of the late Sir Arthur Hill, Director, Royal 
h.otanic Gardens, Kew, London, who attended this 
meeting l)y special invitation. 

Their recommendations were: — 

(1) The iiidiislrial scclioir" of the Indian Miiscnin ''hmild 
he inaiiilaincd as a siparatc deparinieiil of ihe ( lovernnieiii 
«if Imliii .and iho scope of its exliihils expanded so as lo 
illustrate in a readil> inli’lligilde form the <mthnes <il 
hotanical science in -general ami the vegetation of the 
Indian Rnijiirc Jiiid its chief ecomunic \egctahlc pro«lucl'o 
in p.articular. The hcrharinni (»t this ^eelion should he 
develo])ed as a special lierharium for Ci ononiic hotaiix. lo»r 
this purpose, the appoint incnl of scientific assistants mi 
the stall of the Aluseuni is necessary, 

(2) The headijuariers of the hotanical Survey slmuhl he 
Ineaied at the k«)\al n«>lanl( :il ( larden ami the Sih])ur 
llerhariuiii should he developed a*' tlie ’y>iitioniil H crbarimit 
lor India. 

* It max ])t- recalled, that this section ori^.ani/etl^ in 1SS3 
l'> late Sir Cieorge Walt, as Kxiiorter <if the l{c»>noniic 
Products to the (ioveniineiit of India, led to the e->tahlish- 
nieiit of a niai^nilicient miiseuni <»f econoinie product'^ in 
the Indian Aliiseuiii ami the conijidalitui of the niomiineiital 
uork entitkal * Dicliouai v oj Kurnoniit' of Indiii, 

Vols. I- A'lP, In connection xxilh llu- ])reparaiioii of the 
dictionary there had heen estahlisheil in that olfice, xxhich 
iiave come to he oflicially known as 'leilgcrs'. Tlu'sc consist 
"1 hooks of hlank ])aper .-is.stirled xvilhiii boxes, accordin.e 

the nnines of the products in India. Into ilu’ hooks liaxt 
pasted cuttings from numerous puhlicatums, in 
^etjueiice of dale and it is thus easy to ascertain all new 
pfiniculars. If this departtiierii was re-«)r.gani/ed <)ii the 
hues, as indicated above, the revision of Watt’s dictionary, 
jdiicli is now being done by the C<»iiiicil of vSeieutitic ainl 
Industrial Research tnoxv under the nepartmeiil of Planning, 
^'nvernmeiit of India) woulil have been placed uiuler the 
"“huiical Survey. 

lA 


(3) The (h)vernnienL of India should lake uver tlu- 
Rox.'d Botanic (iardeii anti the Herbarium at Sibpur, the 
Bengal Chivernnienl making a suitable conlributitm for the 
inaiiiteiiaiu'e of Ihe Oardcii. 

(1) The permanent seieiUilic stall of the Botanical 
Survey thus re-organ i/ed shoiihl be slreiiglhened. 

tS) The ct)-i>peralion of the staff of Indian riiiversilies 
in working out colleetituis and in cmitlnetiiig Botaiiic.d Sur- 
\*t‘y tif the uiiexphired jiarls of the et>iinlrx is It) be elilisletl. 

(6) Pnivincial herbaria hir the foll«>wiii.g areas, viz.. 
(ti) Madras Presidenex , ib) I’liited Provinces ainl Bihar, 

(t ) Tile Punjal) ami the Nt»rlli-Wesi I'roiitier Province, 
(if) Bfiinb.’iv ami Siiiil, ami (fl Central Imli.a, Iti be esiab- 
lishe.l. 

(7) An .Vdvisory Coiiimillte to ilelenninc tin policy <if 
llic Botanical Survey, alhicate the exploration .grant ami 
select j)ersonnel lor the purjiose to be eoiisliinted. 

Rcctnnmciidalions of tlii> ii()n-t)fficial Committee 
differ from the recommeiidalions of Col. (lage’s Com- 
mittee in eiilistin.g the co-operatioii of Indian Univer- 
silie.s for the i)Urj)ose.s of Hotanical vSnrvey. 

Dr K. P. Hiswas, the i>reseiil Sniierinlendeiit of 
the Ro.val Hotanic Garden, discussed at length the 
future of the Hotanical Survey, in his Presidential 
address to the. Hotany Section of the Indian vScieiice 
Congress in 1945. 

In a ])aper entitled “Present Position of Hotanical 
Re.search in India”, the re-organization of the Hotji- 
nical vSurvey of India was also discussed by Prof. S. 
P. Agliarkar, at the sympovsiuni on “Post-War Organi- 
zation of Scientific Research in India” hehl under 
the auspices of the National InsliliUe of Sciences of 
India in 10^15. 

Prof. A. \'. Hill who was recently invited by 
the r.overnment of Iiulia in 1944, to report on the 
oiganization of Seieiilille and Industrial Rescareli as 
part of the Iiulian post-war reconstruction plan and 
its co-ordination with corresponding activities in 
Hrilain, in his report entitled "Scientific Research in 
India*', stales that as the great natural res(.)iirees of 
India were still inadeiiuately known, the Hotanical 
Survey should he restored and expanded. He says, 

“In deciding on tlu- futiiri' of the Botimical Survey, 
lli.'il of the Rox.'il Botanic lianlcn at Sibpur, Calcutta, 
with tin* great herbarium there (wliieli is re;dl\ llu* nation. il 
herbarium of India) should he eoiisideietl too. Both (•! 
these latter have heen mainl.'iiiied hitherto hy the Ooverii- 
meul of Ikn.gal. Il would he natural to assoeiale them, 
J)\ arran.geinenl l)eiween the t Tovernnuiil of Bengal and 
llie t'eiilral ( iovermiienl, with the Botanical .Survex . The 
Botanical Survey, rc'^tored .iml re-iiivi.goraled, should lie 
iihle lo play ail essential part in l<»iig range plait'; for 
agricultural dex elo]mienl.“ 

It is hoped that the Government of India would 
now give their careful consideration to the reorgani- 
zation of this important survey on the lines suggesteil 
hy the Indian Science Congress Committee in 1058 
and sul)se<|ueully by Dr K. P. Hiswas and Prof. vS. 
P. Agliarkar without further delay, and we feel 
that the (.lovernineiit of India should accept and give 
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effect to the following reconiiiieiidatioiis at an early 
(late. 

(i) 'riie post of tlie Director, Hotaiiical Survey 
of India, should he revived. 

(.j) 'file in'oposed settiiij> up of the Advisory 
Hoard, as reconmieiided by the Indian Science Coii- 
.eress, to be i»iveii effect to. 

(;>) The riovernineiit of India should take up the 
Sibi)iir ller])ariuni and (lardeii with its staff as the 
“National Flerbariinn for India**. 

(4) The personnel of the Survey to be expanded 
so as to include si>ecialists to deal adeciuately with 
N'arious branches of botany and the garden so orga- 
nized as to render the study of experiiTiental taxo- 
I'oiny ]Missib'le. 

(5' The constitution of “National Parks**, as 
proposed by the Royal Asiatic Society of Bengal, in 
connection witli a progranune of cultural reconstruc- 
ti(ni of India. 

The rniversities in India are now iiroducing 
proniising young botanists and there would l)e n<^ 
dearth of suitable iiersonnel if opportunities are 
offered lo them. 

APPENDIX 

Tiik B()T.\nicai. vSurvky or India 

The Botanical Survey of India was constituted 
by the Secretary of Slate for India in iSSq at the 
instance of the late vSir \V. T. Thiselton Dyer, 
I'irector of the Kew ('lardens, and Sir (k'orge King, 
Superintendent of the Royal Botanic (larden, Sibpur 
in order to bring the various provincial botanical 
departments into communication with one another, 
'riiere were four such i)rovincial survey depart- 
ments : 

(1) Till- K()>nl (iiinli^n, Sil)i>ur (Punuk-cl in 

J787 as linlia Coiiijianx 's eanlfii ainl now uinkr 

llie (’()iito>l <»f IUiig."d (ioveniiiient). 

(2) Tlie ( iovcnnm-iil raaaiiisls* Di’parliiuiil, Madras 
(Ht.Tl)ariuin lraiisferr<."d t«» Agricultural Pulkgv, Onml»a- 
lore in 1910). 

l3) Tlie Botany Deiiarlnieni for Western India wliicli 
was altaclied lo tlie College of Scieiiee. Poona. (Ilerbariinn 
tlesiroved by lire in 1902 and replaced liy Dr T. Cooke’s 
private cidlcclioiis. Now located in .\gricultnral t'ollege, 
I’oona). 

{'1) Tlie Ikitany Depart ineiit of Ntirtlierii India at Salia- 
ranpiir lllerbariuni transferred lo llie I'orest Researeli 
Institute, Dehra Dun in 1909). 

Tile last three of these provincial departments 
have now practically ceased to exist 

Sir flcorge King became the first Kx-oflicio 
•tlirector o." the Botanical »Survey thus constituted 


with its headquarters at Royal Botanic (lardcn, 
Sib])ur. lie was succeeded by vSir David Prain (uSq;- 
i()o^)) ; bl.-Col. A. T. (lage (igob-ic)2^0* and Mr. C. C, 
Calder (ig23-3g). 

These officers held the sulistantive appointmeiil 
of Superintendent, Royal Botanic (lardeu, Sibpur, 
under the Bengal CTOvcrnmeiit and also held cliargc 
of the Botanical vSurvey, as its Director and of the 
cinchona plantations of the Oovernmcnt of India. Sir 
(Vcorge realized the importance of the enormous 
vegetable wealth of this vast .siib-eontiiient. He fell 
the* need of exploring the rich and varied terrestrial, 
marine and frc*.sh water flora of India and undertook 
ill right earnest the task of siirv’cying the vegetalilc 
rcsoiirt'cs of the country on i»ropcr lines. 

In 1005, Sir J. D. Hooker, G.C.vS.I., pressed for 
an organized effort towards botanical exiiloration of 
the unknown areas of India and emphasized the im- 
portance of preiiaring iirovincial floras. Suggestions 
regarding the Botanical vSnrvey were also made hy 
the Royal vSociety of Tondon, at aliout this time, 
lo the Under-vSecretary of State for. India. 

During the regime of vSir David Prain (iSg7-igobi, 
some enlargement of the department was effected with 
the re.snlt that some of the important parts of the 
country were surveyed and some valuable work 
regarding economic plants was done at the garden. 
There was at this time an exploration grant of 
Rs. 5,000/- jier annum ])rovidcd by the (Government 
of India. 

It apjiears, however, that there was steady 
decline in the activities of the Survey under Col. 
(Gage, wliich may partly be accounted for bv the 
period of World War I and its aftermath, and partly 
by the increase 111 the adminivStrative work regarding 
Cinchona operations. vSimilar difficulties, coupl-d 
with retrenchment, were probably responsible for a 
continuation of the period of diminishing .scientific 
work under Mr Calder. vSince rg^g, when ^Ir Calder 
retired, the Department has been without a Director 
and his w(.)rk has been distributed among three 
officers. 

The present activities of the Botanical Survey 
mostly consist in continuing the work of supplyiii.^ 
information and replying to routine enquiries with 
the help of one Curator (in charge of the industrial 
section., Indian Museum) and one systematic assistant 
(posted at the Royal Botanic (’Garden, Sibpur). 'I'he 
staff of the Royal Botanic Garden, Sibpur (under the 
Bengal Government) is continuing the work of identi- 
fication and description of new species discovered 
(luring tlie course of their work with tlie help of its 
Siiiierintemlent and the CuraUjr of the Herbarium. 
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THE STORY OF THE ‘ATOMIC BOMB’ 

M. N. SAHA .nid B. I). NAO CHArDIIT’Kl 


JN l■L•lalin.^ the story of the ‘Atomic Bomh’ one lias 
to narrate almost the whole story of lliu lu-oi^ress 
of physics within the last fifty years. 

W'e may make a convenient start witli a malhe- 
matical Iheorem of revolutionary nature L»iven by 
lunstein in 1905. The theorem slated the equivalence 
of mass with energy. It followed from the Principle 
of Relativity and was rej.-arded with scepticism fov 
some time, till the cumulative experience of labora- 
tory work compelled its acceidance. 



.VMM'KT r'lNS'l'KlN 


In mathematical laiijjpia.iie, the relation is written 
li“-mc“ where c is the velocity of li^^ht, E is 
ciieri^y, m is mass. Let us explain this for the lay 
leader. We all know mass which is measured in 
diamines and energy may be expressed in ergs, 
^'alorics or kilocalories, which are all related. Ac- 
^•irdiiii) to Einstein’s formula, one gm. of matter is 
'^■quivalent to g x ergs, for the velocity of light 
lias the tremendously large value of 3x10’“ cm/sec. 
I Ids energy is equal to 2* x io’ ‘ calorics, or 2*1 x 10^" 
I^il’jcalories and is obtained by burning 2,500 tons of 
Just fancy somebody talking that a small cube 


of coal each side measuring of an inch contain^ as 
much energy as can be obtained by burning 5 train 
loads of c<jal. The deduction looked (juite fantastic, 
but the logic of bhnstein’s mathematics was in- 
exorable and scientists looked for i)heiiomena where 
the relation has its application. 

I'hc first of these came from the precise measure- 
ment of the weight of atoms. At this time it gradually 
emerged that the atom cr)nsisted of two essentially 
different parts: the nucleus which consisted t)f a 
core ctmlaining most <)f the mass :iiul carrving a posi- 
tive charge. 'l*his is surrounded by electrons arranged 



Ml orbits (vide fig.). Kor onr theme, the electrons 
are of no use, and we li.x our attention on the 
nucleus only. 

Let us illustrate our point by taking the case 
of the helium nucleus. The mass and charge of the 
nuclei are too small to be conveniently measured in 
the usual units, so for our i»ur]>ose the protr)n mass 
and the proton charge will be used as units. The 
helium nucleus has got the mass 4 and charge 2. It 
is now pnivetl that the nucleus itself is composed of 
more fundamental units. These fundamental units 
are now known to be the proton which is the nucleus 
of hydrogtai and is easily obtained, and the neutron, 
which is just a little heavier than the proton. The 
latter is uncharged and is more ilifilcult to obtain. 
'rile helium nucleus is composed of 2 protons and 
2 neutrons, t/iie should ex])ect that tlie mass of the 
helium nucleus should be e(iual to the sum of the 
masses of its constituents, but accurate measurements 
.show’ that it is somew hat less in weight : in exact 
measure by '027 mass-units. Where has this mass 
disai)peared ? It was suggested that w hen 2 protons 
and 2 neutrons combine to form the helium nucleus, 
a large amount of energy is set free just as when 
carl>on burns in -oxygen and carbon dioxide gas is 
formed, a certain amount of energy is set free. Hut 

“ The Neutron was discovered only in 1932. .\ con- 

venient source is a Bfrylliuin ])Iale over which some 
radiuni has been placed. 
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there is a trciiieiulous dilTerence in degree. One gram 
of carbon gives iis S kilocalories on complete combus- 
tion to COj blit \\ l)en 2 gms. of proton and 2 gins, of 
neutron combine to form 4 gms. of helium nucleus, 
the amount of energy evolved is enormous and can be 
easily calculated from an apidication of Ein.stein*s 
princii)le. It is ^40 inillioii kilocalories or ibo million 



.Modt l of NiuU i forsiic'd fnnii Neutron^ tnnl J’roloii> 

\Top \ IJlliiimr', ( chIic: inuoriiu!'", fioltotii \ Sodinjn’‘‘'| 

kilocalories per gm. Mass for mas^, the energy 
evolved is nearly 2n million times larger than that 
obtained by the Inirning of coal which is the basis 
of most of our i)Ower techni(|ue. This feature of 
large energy formation is shown by almost all the 
nuclei of atoms, which have all le.ss ma^s than these 
constituent neutrons and jirotons. 

Artificiai. Xulxkak Rkactions 

Though we are talking of the formation of atomic 
nuclei fr(mi its elementary con.stitiieiits, the proton 
ami the neutron, nobody was able to effect an arti- 
ficial nuclear reaction until igiQ. It uas sui)i)Osed 
in a rather vague way that the elemental y particles 
come together in the interior of stars and thus contri- 
bute to the maintenance of the fire of stars for 
billions of \ ears. The first artificial nuclear reaction 
was performed in the laboratory by Lord Ruther- 
ford in iQTQ when h.e ])oinbardcd nitrogen by a beam 


of alpha-particles and obtained an isotope of oxygen 
(171 and a proton. Lord Rutherford verified in this 
reaction lliat the energy relations are satisfied by 
making use of Einstein’s principle of e(|uivalencc 
of mass and energy. 



Diagfainmatii* skt-li-li of Nm-U-ar Ki-arlion 
[.Bi-' + .H* — .H" f ii'J 

Nuclear reactions are not very easy to ])erfonn 
because if we want to bring two nuclei together, they 
must be given very high energies. Also, since Ilk- 
.size of the nucleus is about to’* times smaller than 
that of the atom, most of the particles fail to hit the 
nuclei. Within the last fifteen years machines for 
producing large iiuinhers of high energy [jarticles 
have been invented and used to produce hundreds 
of nuclear reactions and new types of nuclei. Hut 
none of these reactions are suitable for tapping the 
nuclear energy fov practical purposes. 

I'RANiu.M Fission 

The ])articular series of works whicli yielded a 
I »jssi!)le method for the tai»i)iug of nuclear energy 
was started by I'enni, the most celebrated Italian 
physicist of modern times. In Fermi was 

awarded the Nobel Fri/.e for his discoveries, weiU to 
Stockholm to receive it, but instead of retiiriiin.-: 
to Italy, ran away to the T. S. A. where lie was 
given an asylum in the Columbia riiivcrsity, New 
York. Before Fermi, only beams of protuii and aljdni- 
particles (helium nucleus) had been used for iiiu lear 
bombardment, but Kerini showed that the hieiition’ 
was a far better agent for tliis purpose, ami lie was 
able to perform Iiiindreds of nuclear reactions with 
it, for which the N(jbel award was made to him. 
Then his thoughts ran in a new diiection. He tried 
to use the new techniciue for the manufacture nl 
eiitiiely new elements. 

The total numbor of elements so far known i> 
()2, uraniuni being iiunibcr 92nd. It has always Iveii 
a jiiizzlc why elements beyond number 92 are it'J 
found in nature. Has the number 92 any magical 
significance as was ascribed to the number seven 1>> 
the mystery loving ancients? Fermi thought of snh- 
mitting this query to an experimental test !•>' 
smuggling a neutron into the nucleus of uranium. 
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foniul several new pioduels, wliieli could be 
separated by chemical methods from parent nranium. 
He thoiiji»ht these elements were elements cj,:; to q6— 
liansuratiic elements. These elements are not known 
in nature but from Mendeleev’s periodic classilication, 
we can make plaii.sible prediction about their chemical 
proi)erti'-s. Fermi thoujiht tlial the nucleus 2>) 
foimed by the entry of a neutron into the H-nncleiis 
was shortlived, emitted an electron, had it^ char.t;e 
increased hy one and l)ecame c),v 'I'his process .••oes 
on till we obtain element gb whicli was supposetl to 
lia\e properties similar to platinum and to which the 
name ekaplatinum had been .niveii by Mendeleev. 

Fut these deductions excited a certain amount 
of distrust. 'rhere was no doubt that a laree 
number of new products was formed, ])Ut were 
they really transuranic elements? In fact there 



()m» ll\ii\ 

hUln Ihilni, iIk- nistiiveur ni' iiraiiivini wliiili 

nil iiuali'lv led U) AUnuie lloiiil), was Porn uii llu Slh Mairli, 
1S7H. lie slarlcil life as a yoiiiiv; nr.v^aiiii- elKinisi in .iii 
iiidiisli ial eoiuvni, lail viradnallv lrans|«ii iin-d Iniiiself iiilt* 
.1 radi<»aelive elieiiiisl. lie Ii.kI worked willi llie loiiilidi 
tlieiiiists, Kaiiisav, Sodil\ and UnrlluTford .ind when 
eletled lo Ihe ^ienll^ersllil) nl' ihe I’nissian VeatleiUN <»( 
Siieiiees, lie .spoke «il' his ^lond Inek in heini; able lo work 
"iili such .ijreat names in ihe »heinisir\ ol radii».ieli\ e Mih- 
laiiees. liiU PlaiU'k, PresidenI -ol tin- .\iadeni\. replied, 
"hi siicuir 'ti'C wry ollt'ii fuhl ii'Orli Ti’/'/l/rni/ Imlf, hnl lu'i'ci 
liii'li ii'Hliimt icork." The vjreal work on uraninm lission 
wliieh Hahn hrou.ehl lo lijulu IVoin a series of ohsi-i»re ainl 
I'li/zlini^ ohservalioiis lonld onl> l»e »lone !•> one witli the 
''aininj^ of a .vjreat aiialylieal elnanisi, and was the n-snlt of 
' •''>lid ainouiil of \v<»rk. 1‘rom 11M2, he was Pireelor o. 

radioaelive seel ion, of the Kaiser Wilhelm liisiiuiie r.i 
^’•^‘vlill-I)ahltMn, and was the diseoserer of Mesothorium and 
''^■»<lioihoriuiu. | 


"ere too many of them. At this stage the invesliga- 
bon was taken uj) by llalni and Meitner in the Kaiser 
o 


ll:i 

Willielm Inslitute in Herlin-Dahlem and I. Curie 
and Sax’itcli in Radium Institute in Paris. They 
found that the number of new products was much 
larger. In fact, Ilahn and .Meitner counted no less 
than (). Curie and vSavitch found a new product 
w hich they said was similar to the radioactiw element 
icliiuim No. bill was much closer to the known 
L lenient \o. 57 called laiithalum. Had Curie'*' and 
Sax itch followed this matter further they would haxe 
discoxered the iilieiiomenon, but .somehow they 
stopped here. In the meantime Hahn at lierlin had 
been hard at work with his pupil vSirasseiiiann and 
prox'ed dennitelx' that one of the products which was 
supposed P) be an isotope of radium was not radium 
at all, but barium xxhich is element No. 5b. 'I'his 
confusion is to be ascribed to the fact that radium 
and lairiiim are almost identical in their chemical 
1 lopei'ties ainl none but a xery experienced chemist 
of the type of Pr Hahn could hax'e succeedetl in identi- 
fy ing tlehnitely the xery minute amount of barium 
piodiiced in llie experiment and recogiii.siiig it clearly 
as distinct from radium. This discoxcry gaxv them 
the clue to the inxsteiy and led lo xery startling re- 
sults. 'rile element uranium is No. u> and the element 
barium xxhicb is formed from it after it has been 
I oml arded with iienlroii is number 5b. How can it 
be possible for barium to be jirodiiccd out of uranium 
at all? 'Pile explanation was almost forced on the 
investigators that as a result of the impact of the 
neutron, the nucleus breaks up into two halxes, one 
having the atomic number 5() and the other hiiving 
the atomic irimber .pi or .^7. Further works liy Hahn 
and Strasseinann and others shoxxed that T can break 
np into two fiagmeiits in many other ways. The 
r>sion results are illustrated in the liguie (on the 
next page’ lejirodiiced from an article in Scikncjx 
\M' Cri/ir><{K imblished Umv years earlier. 


.Mkliiwism i)i- rR.wii’M Fission 

It was very soon found that this tissioii t)f 
nranium nucleus is not due to the have of impact of 
the neutron, lor exeii neutrons sloxxed doxx 11 bx* 
parallin to an energy of a few x'olls show this effect. 
I'lirlher, no other element excepting uranium aiid 
its next heaviest neighbours proloaclinium (No. gi) 
and thorium (No. go) show this effect. There is, 
theiefore, some latent instability in the nucleus of 
uiaiiium itself ; the introduction of a neutron acts 
a-' a trigger like the lighting of a match box ill a 
l><»w(ler magazine. This point of view is further cor- 
loborated by a I'omparison of the mass iff I' to those 
of ihe fragments in xvhieh it is likely to break. The 


' v'oiiUiiiporarx jilix »,f repiUriliou asniPe 

die tliNeoxerv of iiraninni lission lo 1. t'nrie. This :i 
inislake. Thev jiisi inissc<l il. 


114 


SCIKNCH AND CDI.TDRK 


Vol. XI, No. 3 


I ‘-nucleus is souiewluil heavier and is thus eiidotlier- 
inic like eerlain explosives. Polir compares Ihe nucleus 
of uranium to a drop of licpiid which, when a lii^h 
charge is .eiveii to il» is somewhat deformed from its 
spherical shape, but is kept together by surface forces 
and can be ultimately broken up if the deformation 
is lari’c. When the neutron enters the U-nucleus the 
vibrations set up in the body of the nucleus are so 


Kncrirvlics oj Jissiou. — It can be shown iVom 
ma.ss relations that when the two fragments of 
uranium fly away from each other, they do so with 
tremendous eiierj^y. In fact the energy carried by 
these particles has been experimentally measured and 
found to reach the high value of 200 inillitm electron 
volts. Converted into familiar energy units, it 
means that when gms. of uranium is broken up 
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violent that it breaks U|) into two, may be in more 
fragments, llohr further discovered one very im- 
l)ortant point. Ihaiiium as found in Nature consists 
of two isotopes, and I'"'*'. Ihis last is also 

known as actino-uranium and occurs in very small 
(luantity, only one part in 140 . llohr showed that it 
is really this rarer variety of uranium, U'‘’ which is 
the active agent. In fact mass for mass its activity 
is nearly 1000 times more tiian that of its bigger 
brother U“'‘\ 
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calories. The jirocess really gives thousand times h 
energy than that from total conversion of mass, 1 
still it is million limes more energy yielding, ui; 
for mass, tlian a chemical reaction. This energy 
obtained by burning 2 tons or 2 million gramine> 
coal. This shows that the fi.ssioii process, if it coi" 
be actually realized in practice, would usher a i* 
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age in the science of energetics, in power technology 
and in explosives. 

What stands in the way of these ideas being put 
to practice? The real difficulty is that the efficiency 
factor is extremely low. If we shoot a hillitm 
neutrons into a mass of uranium, hardly one will 
hit the nucleus. So what we gain in the individual 
process is lost in the inefficiency of the process. Can 
we iinjnove the efficiency ? 

The first step, it is obvious, is to get a good 
supply of for if we can use this exclusively we 

could increase the efficiency factor by about :ioo 
limes. But this is not an easy task, r*'’ has the 
same chemical properties as C"*'* and cannot be 
separated from its isotope by chemical methods. We 
must use physical methods of which .several exist 
now. In the preparation of the atomic bomb a large 
<iuantity of must have been i>roduced as a first 
step, although it is not clear which method has been 
used. Isotope separation is really a heart-breaking 
job. Aston in igob started separating the isotopes of 
neon in igoh, and worked for i() year^ without any 
result. One of the methods that has been success- 
fully used is the mass-s]>cctrograi)h. The particles are 
given a certain charge and are deflected in the 
magnetic field. Particles of different mass will then 
separate and collect at different places. 



Separalioti of masses h\ «>f S|»e»’lr«»sri»|K‘ 

Mas 

ITlu- iwo isolo]H's nl hlhium of NNeighU li ami 7 are 
^tparalcil in the magiuSie liehl as imliiaied h\^ Uu* Iwo 
M-mieimilav lines elose together marketl bi. Ihe seiiii- 
I in*le of smaller tliaineter represents the path ol lilliium (>, 
>iie larger circle the isot<»pe 7. 1 

Just before the outbreak of the ^^ar, another 
^'■'.•nnan physicist Clusius, developed a very powerful 
’■'Kthod of separation of isotopes which can be \ised 
gases and sub.stances which can be used in the 
-’ini of solutions. It is known as the thermal 

'•’•ffnsion method. By this method, considerable 

'r’-uitities of Cl'^' have been .separated from Cl’^‘ in 
*^ew hours, a task which the earlier workers could 
•'"t accomplish in lo years. The me^hoil reciuires 
cohinins of glass, plenty of refrigerating material. 


etc. etc. barge cjuantities of I-"*' must have l)een 
pr<»duce<l by one or both of these methods. 

Coi'inus Srrpi.Y oK XHrTKONS 

The next stej) is the inoduction of sufficient 
*|nantity of neutrons for starting U-fi.s.sion. In the 
laboratories the neutron is produced either by the 
cyclotron or Ingh. village apparatus or by the contact 
of radium with beryllium or other light elements. 

Such methods cannot evidently be used in the 
atomic bomb. One cannot attach a lii.gh voltage 
apparatus »)!* a cyclotron to a bomb and radinin would 
be too expensive even for the dollar-laud. lu the 
bomb. Use is probably made of the deuteron-dcuteron 
reaction, bet us see wliat it is. 

‘Deiitcnm’ or heavy hydrogen is the isotope <»f 
hydrogen ; while ordinary hydrogen has the weight 
one, the deiiterou has the weight two ; its nucleus 
is twice as heavy as the proton. It occurs in the 
]»roiM)rtion of i : Sooo in all sources of hydrogen and 
its suppl\ is appaiently unlimited. Kveii 15 years 
ago its existence was unsusi)ected, when Trey, an 
American physicist, was led to formulate its exis- 
tence from some obscure data in the density deter- 
minations of hydrogen and could actually separate 
it in (pumtity from water subjected lo repealed 
electrolysis. This is the method used at the present 
time for obtaining heavy water, which consi.sts of 
water with heavy hydrogen in jfiace of hydrogen. 
Once heavy water is obtained, we can obtain any 
amount of deiiteron bv electrolysis. 

'I'be nucleus of heavy hydrogen or llie di iilt rium 
is a ccmipoiuid of the pnUoii and neutron ; in fact it 
is the simi>lest compound known of the two funda- 
mental nuclear juu tides. The deulenm nucleus is 
wry useful for nuclear reactions. It passes almost 
as easily into iiiidci as neutrons and has been u.sed to 
produce a number of novel reactions. The dcuteron 
has also the property «)f producing neutrons when it 
impinges at moderately high speed j)n other deuleroiis. 
As was first shown by bord Rutherford, the nuclear 
reaction can be represented as 

1) 4 I)-He ‘ f n. 

h'lii tiler this reaction .starts at comparatively low 
acceleration of the dcutcrons. In fact an acceleration 
of about .:o,ooo volts is sufficient lo produce Ibis 
leactiou. This is eipiivalent lo a velocily of louo 
kilometres per second. I'bis is a small velocity for 
nuclear reactions, altliough moderately high com- 
pared to velocities that may be obtained in a dis- 
charge tube with a high voltage tran.sfonner. 

It will be inleresling lo examine llic possibililies 
for oblaiiiing the liigh velocity dcutcrons for jiro- 
ducing neutrons in the .small weight and volume that 
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make up the atom bomi). A eheinical explosion 
t;enerates a large temperature ami pressure. The 
velocities of the Hying gaS i>articles due to the 
pre.ssure as well as tlie temi)eralure are never more 
than go or luo kilometres per second under the most 
favourable conditions. The deuterium of course will 
be introduced in the explosive hy replacing chemically 
hydrogen in the explosive charge by deuterium. 
Tsing a hollow charge explosion the relative velocity 
of the gas particles moving towards the centre from 
opjjosite directions will be twice as much as illus- 
trated in the figure. If the velocity of the Hying gas 
])articles Hying towards the centre could be increased 
aljoiit 5 times to around 500 km .sec., the deuterium 
particles in the flying gas could collitle with each 
other to ])roduce a l)urst of neutrons on the det(»- 
nation of the explosive, 'rids of course is a plausible 
guess, as the exact techni(iue for producing such 
velocities by explosive means is not known. The 
^econd possibility of generating deuterons at high 
^elocit^• by a high \-oltage discharge is entirely 
feasible and is the cheapest method of producing 
neutrons in the laboratory. 'I'he difficulty of in- 
cluding inside the bomb a high voltage transformer 
or induction coil, a source of electric i>ower, a pro- 
perly designed discharge tube and starting devices 
for these into the small .sjiace and weight of a bomb 
.seem to argue against the i>ossibility of such devices 
being Used in the bomb. However, since the exact 
mcchaiusm of producing the neutrons in the bomb 
is not known, the.remr)te possibility of using such 
devices slnndd not be entirely ignored. 



I’riiiciplf «)f llu' hollow cliaree explo-ioii 


Let US now examine how' a burst of neutrons 
produced initially by any of the methods outlined 
above cc)uld ielea.se the latent energy of fission of a 
greater part of the uranium""' in a bomb. The 
number of atoms of uranium that may be fissioned 


by a certain number of neutrons depends on what 
is termed the cross-section of fission, i.e., the chance 
of laodiicing a fission bv a single neutron incident 
on uranium. The number of fissions n per .second 
e(iuals the product of this cross-section, the number 
of neutrons incident iier second and the number of 
uranium atoms in the volume on which the neutrons 
are incident. Mathemalically this is exiires.sed as 
a.— A'n'cr where n is the number of fissions per .second, 
ir is the cross-section and m the number of neutrons 
incident j'cr .second. .V is the number of uraniinn 
atoms in the value. for the slow neutrons on 
r*'* ’ is nearly 100 times greater than the fast neutrons 
and is somewhat greater than io“ cm‘ If we take 
a gramme of the number J)f fi.s.sions, assumin- 

a million neutrons in a .second arc incident on the 
uranium, eipials 

2 X It) ■’ '< .:'4 X n_r‘ x ui*'- .pSo^uoo. 

Ibiring each lis.sion, in the process of the tw«) parl^ 
of the atomic nuclei separating, about 4 neutrons are 
given up by the nucleus. 'J'his implies that i g x [<»'■ 
neutrons are generated l)y the million neutrtnis in- 
ducing fission. 'I'hese neutrons in turn can produce 
fissi«)n in the leinaining uranium. It may be noticed 
that with a million neutrons per second to start with, 
we can produce alnuist twice the number of iieiilioii'^ 
per second as we oiiginally used in the first step. 
'Diese in turn will cause further fission of nraniuin" ’ 
and break up a further number of uranium niicki. 
liatli time twice the number of neutrons as the 
previous fission proceeds will be generated so that it 
will be a chain process and will only stop when the 
numher of uranium atoms has decreased to such 
an extent that the number of neutrons generated is 
smaller than the number of neutrons t'ausiiig lissioii. 

In our present e.xample this will hapj)en aflti 
more than cjo'/o wf the uranium has been fissioned, '-»» 
that the energy of about g,. lutlis gramnie of uraiiiii 11 
may be obtained in such a react itin starting with oia- 
gramme of uranium. If we started out with a boinh 
containing 100 grammes of uranium"'' and weighiii;.’ 
.Su(, pounds, the energy leleased will be ioiighl\ i- ' 
times as much which, from our previous data, i" 
about r()xio-' kilocalories, ^dexeii hundred gms. "I 
r'"'’ in the boml) would give us the same eiierg\ 
was produced in the great ext)losion which took place 
at ('pi)au in ('icrmany in ig2i, wliere nine milli"a 
pounds of ammonium nitrate stacked in tlie open ex- 
ploded, killing u.oo and wounding 1500, and the /one 
of serious damage extended to a four mile radius. '1 he 
recent explo.sion in the Bombay Harbour where ’ 
tons of T.N.T., exjilodcd, was on the .same 
Just ,fimc>' what would have hajipeiied to Bombay il 
the shipload of T.N.'L. in.stead of exploding i 
from the harbour, exiiloded in the centre of tlie ci" 
That would p,ive one the terrible ordeals to which (ml 
people ()f Hiroshima and Naga.saki were subjeclf 
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The energy of the explosion may he assumed to he 
dissipated uniformly through the 500 pounds of the 
l)onib materials, enahling us to calculate the temjiera- 
tiire reached in the bursting of the homh : we ol)tain 
it by dividing the total energy of uraniuni fission in 
calories by the mass of the homh in grammes and 
making rough guess as to the average specific heal 
(^f the material of the bomb. The temiierature c'omes 
out between ten million and a hundred million 
degrees Centigrade. This calculation does not take 
into account the losses of heat due to radiation, 
ionisation and mechanical effects that will surely take 
uj) a part of the energy of fission. The temperature 
is well in the order that exists within the interior of 
stars and one may well imagine what the effect of 
this temperature will he for miles around. This makes 
it jiossible for the first time to produce and find out on 
the Earth the effects of such high temperatures. It 
may help us to understand in the future the 
mechanisms that go on in the interior of the stars. 

We might well consider at this stage the cost of 
making such bombs. The main item of course is the 
separation of uranium'*^’. A rough calculation -on 
I lie basis of the inass-spectrographic method of 
separation is possible. Nier and Dunning in 1940 
separated 1*3^10““ grammes of lh*aniunr’'’‘'‘ by uiass- 
speclrographic method in 10 hours and used approxi- 
mately '5 K.W.II energy (’5 units) in the. process. 
The efficiency must have been considerably improved 
siyce those days. AvSsuming an over all imiirovcmeiit 
of 3 times due to technical developments and improved 
efficiency, it will still recpiire id*' kilovvat-liours of 
energy to separate one gramme of Even at 

I cent a unit this will amount to n million dollars 
per gramme of u ratlin nr”''. 

To this we must add the cost of obtaining and 
separating the clement uranium which is quite rare 
and that of manufacturing i)roper alloys aiul materials 
U) produce the preliminary explosion which will yield 
the neutrons. 

According to Ihcsu calculations, the whole 
amount of electrical energy, now' produced in India 
in the year is barely sufiicieut to produce 100 gms 
ot and even the U.S.A. cannot manufacture 

material for more than 50 such bombs per year. But 
it is quite possible that more efficient and economical 
ai)paratiis for separation have since been developed, 
‘•A'- by the thernial diffusion of uraniuni tetra- 
hromicle. It is obvious that the iiroduction of this 
terrible weapon of destruction under the present .state 

our knowledge is beyond the capacity of indtvi- 
tiuiils or even of small States. Only large States like 

D.S.A., England, or Soviet Russia have the 
capacity to undertake their manufacture. 

Strangely enough both the basic discoveries of 
^itatiiuiii fission and of thermal diffusion method of 
s^haraiiou of U”*, which br6ught the dreams of 


utilization of atomic energy within Ihe range of 
practicability, were made in (Germany, and in the early 
part of 1930. The Ourmans were also the earliest to 
take up seriously the problems of practical utilization 
of these discoveries. Ai>parently this was the secret 
weapon which Hitler was threatening to use against 
his enemies when his end came. But wdiy were not 
the Germans able to i)erfect the ‘Bomb* before their 
collapse ? 

It may not be realized by the public that between 
the first suggestion regarding the utilization of atomic 
energy and the actual use of the atomic bomb, there 
must have intervened concerted team work by 
hundreds of nuclear physicists and chemists, including 
some of the most eminent living men on these sub- 
jects, and also geologists, engineers and technicians. 
They must have used huge jdants to generate elec- 
trical energy required for the separation of U””*’, set 
tip factories for manufacttirc of Jieavy hydrogen and 
using it in place of In drogen in the chemical explo- 
sives, and carried out researches on the manufacture 
of si»ecial alloys and their manufacture. The money 
si>ent was, w’c are told, four billion dollars, w'hich is 
two years* revenue of the Government of India and 
the Provincial Governments. It is not an unlikely 
figure, considering the magnitude of the effort made. 

But apparently even in spite of such effects, the 
bomb could not be made a i^ractical proposition 
before the collapse of Germany ! It was probably 
after the collapse that the knowledge of scientists on 
both sides had to lie utilized in a common pool before 
success could be achieved. But this is a mere guess, 
aud if the story be ever told, it will prove terribly 
fascinating ! 

The failure of Germans, in spite of their initial 
start, may be in part due to the expulsion of some of* 
their best scientists 011 racial grounds, and their 
failure to enlist the services of scientists of occupied 
countries. 

A few w’ords regarding the basic element uranium 
of which these hoiiihs are made may not be entirely 
out of place. Uranium is the heaviest of elements, 
and its radioactive projierties have been w^ell-knowu 
siiu'e the discovery of radioactivity in the closing 
years of the last century. It ai)pears to play <iuite a 
piomiueiit part in the heat economy of the Earth, 
which is assumed to have been cooling through 
at least 2000 million years after its separation 
from the Sun. The rate of cooling is rather 
too slow and indicates that the heat lost by radiation 
largely compensated by a source of heat within 
the Earth. With the discovery of radioactivity, the 
source has been identified with the radioactive matter 
in the Earth. On this basis, Holmes and Paneth 
estimate that there arc about 8x10** tons of uranium 
in the Earth. If there were more, they conclude, 
the Earth would have burst some day. On this basis, 
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the surface crust of the Earth up to a mile in depth 
should contain about x lo^ tons of this material. 
Extensive surface assays of the radioactive content of 
the Earth’s crust indicate a much larger figure for 
the radioactive content of the surface crusts. vSonic 
assays indicate as much as ten times the figure. 
Assuming a more modest figure of lo* tons, the total 
II-'*-’ present on the Earth’s surface^ is about 780 tons 
and the radium content in equilibrium with 11^'“* is 
about 15,000 grammes. The interesting point that 
emerges is that the cru.stal rocks contain a great deal 
of more uranium than the interior magma and that 
])erhaps no very extensive sources of uranium minerals 
remain to be discovered. The most extensive deposits 
known occur in the region of the Great Bear Lake in 
Canada, with deposits in Katanga region of Belgian 
Congo and Joachimstal in Czecho-Slovakia following 
in the order mentioned. Russians claim di.scoveries 
of rich dejiosits in the Urals and in the Khibin 
|)eninsula (Murmansk). Smaller deposits occur almost 
all over the world. Norway, Cornwall in England, 
the U.S.A., China and India have all reported the 
occurrence of these minerals. The extent of the 
deposits in India have not been well inve.stigated. 
thorium occurs in larger pro])ortion in India and 
though this can be fissioned, the efficiency is too low, 
and this cannot take the place of uranium as is 
claimed by some enthusiastic Travancorians. All 
uranium deposits are potential sources of If”*’’ and 
undoubtedly greater interest will now be displayed 
in their occurrence, extent and other i)ossi bill ties 
specially since the limited nature of these resources 
will make it imperative for nations to try to own as 
much of it as possible. 

The effect of the atomic bomb burst over a city 
will be to i^roduce instantaneously a mass of ionised 
vapour with a pressure of 10® atmo.spheres and at a 
temperature of nearly roo million degrees. It is as 
if a chunk from the interior of stars is just thrown 
on the earth. The effect of the bla.sl will l)e to reduce 
all buildings within a short distance to atoms, and 
then burn everything within a few kilometers. 
Whatever living beings, men, animals plants, who 
hai)pen to e.scape i)robably at the outer perii)liery of 
the central zone, will have a further terrible ordeal 
to face. 

For one of the after effects of large scale fission 
of uranium is the generation of large amount of tem- 
porary radioactivity ; for the immediate fission- 
Iiroducts are all radioactive. Most of it, of course, 
will decay (luickly hut there are fission-products 
whose activity decays more slowly and it is i>ossible 
that even days after an explosion of 100 grammes of 
xviiicb in itself is .sufficient to destroy com- 
pletely a city of a million inhabitants, there will be 
a large amount of radioactivity still contaminating the 


area where the ex[>losion t(K)k place. This radio- 
activity is likely to have very harmful effects on all 
living matter, men, animals and plants, exposed to 
it. The usual effects at much lower intensity of 
radioactivity is known. In most cases the .subject is 
doomed to a slow death depending on the amount of 
exposure, as well as deep seated change in the blood 
of men and animals. It is possible that many j>eople 
may be so affected. 'I'lie long range effect of these 
strong radiations on those plants and animals that 
survive is unpredictable Init biologists think that soiiu- 
of the • harmful effects may become apparent j’oais 
later or even in the .second or third generations. 
These are really devastating consequences on which 
it is well to ponder. Recent newsiiajier reports con- 
firm that the effects of radioactivity have idayed havoc 
with the i)opulation in the two cities l)oinbed with 
the.se atom bombs. 

It is indeed a very great inly that science has 
lent itself to the evolution of destructive weapons that 
threaten mankind with a horrible (loom ( ?) Is it 
not time for scientists to take stock of the silualinn 
aiuHo think about effective control of the tremeiulous 
forces that he has learnt to use. 

Bui is the ‘Uranium bomb’ the limit of 
'*Scltn'chlichkcit'* ^ No, for in this, we convert onlv 
a small amount of mass barely i in 1000, to energy. 
More efficient processes are not ruled out. In fad, 
some physicists are of oj)inion (though others do nut 
agree with that view) that the mysterious cosmic ra>‘s 
are due to the total conversion of matter into energy, 
taking [dace .somewhere in space, probably in sonic 
supernova outburst. The i>ossibility of carrying oiil 
experiments on the total conversion of mass into 
energy in the laboratory in the near future should 
not be lightly dismissed particularly in view of the 
raiddity with whicli the ‘Atomic Bomb’ has been 
evolved. Ihit let ns hope the W()rld will be spared 
from any further atomic bomb, or .sni)erat()mic bonil» 
“Schreciiliclikcit” . 

[.Vinong.';! tlu‘ ccniinient'; on llic atom bomb the istr.nN 
fn. u the ii ller published in “The Times” I»n the 
seiciilisl, Sir Henry Bale, the President of the Uo>al S'u i' iy. 
wlu» is on the new .\n(iersoii C*>inniittee may lie : 

“Wliile seieiilist.s loyally kt^pl the seerel of the atom lioiiil* 
while war was in progress, they, once the war with Ja|i;in 
is iinished, will all wish to be ilone with the seerel 
ever. We have tolerated mueli ami wouhl tolerate .m'- 
thing to ensure victory for freedom, hut when victory lias 
been won vve .shall want the fTeedom”. 

Dr Norman Campbell asked whether “it was iiall> 
necessary to eoiieeal so carefully the fact that iiueKar 
iission 'on which the arennie bomb depends was diseiiwo -l 
III (ierinany”. 

.\merieaii papers just received say that the exjilo-'o- 
jiovver f)f the atoiiiii' bond) that was thrown over Iliroshim i 
was equivalent to 20,000 tons of T.N.T. The preliniiiiai.' 
experiment carried out on a steel tower in .\rizona sho\N‘‘l 
that the e.\plosioii was so violent that the city of .\lhu(|ueniii‘‘. 
120 miles away was illuniinaled as in broad day ligli* 
The experiments were carried out in three cities, Oak 
10 miles west of Knox Ville, Pascoin, Washin.gtoii Slate, .' 'd 
Los .Vlanios near Santa IV, New Mexico.— Kd. d?* fa hi 
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Industrial Research Plaiiiiiiij* Coinniitlcc enn- 
stituted early in ig44, with vSir R. K. vSanimikhain 
Chetty as its Chairman, to make a survey of the 
existing facilities for scientific and industrial research 
in India and report on necessary measures of co- 
ordination, control, direction and dvveloiiinent of 
such research, has just submitted its report. Tile 
Committee issued (lueslionaires to various univer- 
sities, research institutions and ('lovernment depart- 
ments interested in industrial research and also to 
chambers of commerce and like industrial assf>cia- 
tioiis, visited several universities and research in- 
stitutes, and contacted eminent scientists and indus- 
trialists of many of the leading and representative 
centres of scientific and industrial research. 'Hie 
‘*cneral impression of the Committee is that ‘with a 
few notable exceptions. Industry in India is not re- 
search minded*. Ecpiipped laboratories and main- 
tenance of regular research are mostly unknown in 
Indian industrial organization. 

The Committee has recommended the establish- 
ment, by the (hjvernment of India, of a central re- 
search organization to be called the Nuiional Research 
Council which should come under the Department of 
Planning and Development, with the Hon*ble 
Member as the ‘ex-oHicio* President. It is recom- 
mended that the (’Govern in eiit should provide a block 
grant of Rs. 6 crores to enable the Council to <lis- 
charge its functions which include the following : • - 

(1) lo organize and maintain national labora- 
tories. 

(2) To establish and maintain specialized re- 
.search institutes. 

(;>) To stimulate pure and applied research in 
universities by grants-iii-aid and by the in- 
stitution of scholarships and felh)wshii»s. 

(4) 'I'o provide for the immediate i)roblem of 
the dearth of technical and research per- 
.sonnel by the inauguration of scholarships 
available in India and al)road. 

(5) To stimulate and encourage research acti- 
vities by Industry. 

(b) To co-ordinate researcli actixities of all the 
existing research institutes and depart- 
ments of Government anil undertake 
planning of re.search programmes on a com- 
prehensive basis. 

(7) To function as a National Trust for Patents. 

( 8 ) To set up a Board of vStandards and vSpeci- 
ftcations. 

(q) To function as Clearing House, encourage 
deserving scientific and technical societies 
and foster the growth of new one's in ai>])ro- 
priate lines. 


The Council should consist of oo members, of 
whom 20 members (all scientists) would be elected 
by all the universities and recognized scientific 
associations and academies, 15 members by recog- 
nized chambers of commerce and association of manu- 
facturers, and 5 members by recognized trade unions 
and other labour organizations. The Government 
would nominate 20 members, of whom not more than 
S may l)e officials. The Council will lx- respon- 
sible for diiection and control of scientific and in- 
dustrial research. The immediate task of the Council, 
as recommended, will be to make and carry out a 
live-year jilan of research organization, coiisi.sting of 
(.1 ) the building and equipping of a National Chemi- 
cal and a National Physical l alanatory, {2) the build- 
ing and eipiipping of certain specialized research in- 
stitutes totalling nine,’*' (3) providing grants-in-aid 
to universities, and (4) training research personnel by 
the award of scholarships tenable in India and abroad. 

The two Natio nal Laboratories are recoinineiuled 
to be established at an estimated cost of Rs. /\i) lakhs 
each. The establishment of all the research labora- 
tories would involve a total expenditure of about 
Rs. 2*5 crores. The imi)ortance of universities as 
the foundation of all revSeareh has been recognized, 
and it is recommended that a sum of about Rs. 2 
crores should be set apart for giving grants-in-aid. 
The first live-year jdan should include the provision 
to train about 700 research workers at an estimated 
total expenditure of about Rs. 50 lakhs. 

Tlie Council, with its (y) members, is loo un- 
weildy a body to undertake executive and admini- 
strative functions which are, therefore, proposed to 
be inve.sted in a small executive body to be called 
the Research Hoard. The Hoard would consist of 
three full time members who should be scientists of 
highest ability and would be assisted by a full time 
secreTarx- with an efficient secretariat, 'fhe Hoard 
will be the principal executive organ acting under 
the general direction of the Council. 

The Committee recommends the creation of a 
\ational Trust for Hatents under the Council for the 
purpose of holding and exploiting all patents arising 
out of research financed by the Government. Simi- 
larly, the formation of a Hoard of Standards has been 
recommended. The function of the Hoard of 
.Standards will be to draxx up Indian standard speci- 
fications and make necessary ai laiigemeiit for allied 
research. It is propo.sed that the Test House at 

1. In.siiiule of I'ood Technology ; 2. Metallurgical Iiisli- 
lule ; 3. I'uel Research Institute; 4. (ila^s and Silicate 
Research Institute; Oils and Paints liislitute; H. Build- 
ings and Roads Institute; 7. Leather aiul Tanning Institute; 
S. Industrial 1‘crmentation Institute ; 9. Idecifo-Cheniical 
Institute. 
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Alipiir should he transferred to the control of the 
Council. Moreover, the constitution of three Com- 
mittees, namely a Standing Technical Commiilce, a 
Budget Committee and a C rants Committee, has been 
suggested. The last Committee will advise on the 
allocation of grants to universities and research 
institutions. 

The execution of the programme drawn uj) for 
the first five-years will consume the block grant of 
Rs. 6 crores. To enable continuity of the Council’s 
activities thereafter, it is recommended that the 
Government should i)rovide an annual grant of Rs. i 
crore to the Council and that the industry should be 
asked to contribute an equivalent amount. The con- 
tribution from the industry will have to be realized 
by the levy of statutory cess of i/iOth of one per 
cent on the value of industrial production. 

The proposed Council will be an All-India orga- 
nization, and it is recommended that similar scientific 
organizations for the promotion of industrial research 
should be set U]) in the Provinces as well as in the 
vStates. 

We feel that the report gives a very sketchy and 
unsatisfactory survey of the present position of 
scientific and industrial research in India. The find- 
ings of the Committee are nothing new, and the 
views expressed by it have been again and again 
ventilated by such journals as the ^Science and 
Culture, and the Current Science, Moreover, the 
idea of a National Research Council has been 
borrowed without acknowledgement from a resolu- 
tion passed in the annual meeting of the National 
Institute of vSciences held in Delhi in January T044. 
The National Institute of Sciences suggested the 


establishment of a National Research Council* after 
the model of a sitnilar Council existing in the 
U.S.A., but did not elaborate its jirecise schemes. 

It was for the Chetty Committee to have given 
a precise scheme, but except merely expressing an 
intention to replace the present Council of Scientific 
and Industrial Research, for which it has stated no 
reasons, it has given practically no scheme at all. 
This is rather unfortunate, for India has already 
evolved scientific organizations doing certain amount 
of useful work, and no new scheme can entirely 
ignore them. In this respect. Prof. A. V. Hill’s re- 
commendations have been far more practical and 
useful than the vague generalizations of the Chetty 
Committee. 

We note that three of the members of the Com- 
mittee have been long absent from India, and appa- 
reiitl}^ the Conmiittee as a whole never met to dis- 
cuss the ideas in the minds of the different members 
and evolve a scheme which would be useful to tlie 
country. The recommendations have, therefore, 
been loose, disjointed and vague. This is rather 
unfortunate, as the vacuum in the cranium of many 
public men and induslrialivSts, who aspire to control 
science and scientists in this country, is likely to be 
filled with such staff as is contained in the report 
of the Chetty Committee. 

* The N. R. C. in the V. S. A. is merely an active 
agent of the National Acailemy of vSciences and perlonus 
very restricted functions. The Canadian Council, on the 
other hand, is a very active body, lias a number ol research 
institutes under its control and co-ordinates their activities, 
through an executive body consisting almost wholly «»f 
scientists. The Japanese bod\ is in close connection with 
the Imperial Academy of >Science which practically govern.^ 
it iind has many research insliliitions under its Cfuilrol like 
the Cana<lian hotly. 


FILMS FOR SCIENCE 

K. V. UIUI, 

INDIAN IN.STiri-TK OK SCIHNCK, IJANC. VI.OKH 


JN recent years niolion jiicliiivs ha\e imule great 
.strides as a tool in scientific education and research. 
The value of the film in scientific and technical educa- 
tion is now being Avidely recognized in every advanced 
country in the world, and idaiis for its development 
are now being discussed in conjunction with other 
I)ost-war developments in every country. This is the 
age of science and in this new environnient if one is 
to live happily one need some knowledge of science 
and feeling for the scientific outlook. The introduc- 
tion of films in scientific education and research 
deserves, therefore, careful consideration. Although 
the more conservative type of scientist is still sceptical 
in regard to the claims that are being made of it, the 
film of the future is destined to play an imix)rtant part 
in scientific education and research. 


^c:entific work, esi>ecially the study of biological 
.sciences, which can he made more intelligible by the 
[irojier us6 of the film, re(iuires practical work on tlie 
living organism in the laboratory together with field 
studies of animals and plants in their natural 
environment. Film records of natural processes of 
plants and animals, of experimental demonstrations, 
of technical proces.scs constitute an efficient method ot 
putting students into clo.se touch with ttie realities ol 
their subject. Such technical and scientific film can be 
made so effective that they enable us to teach students 
without the actual presence of teacher. A typical 
example of such a film which was recently produced 
in Russia under the direction of Academician Choudo- 
kov is the one entitled “The Automobile.** With the 
assistance of this film containing 90 reels, several 
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hundred thousand drivers of cars, trucks, tractors, 
tanks and motor cycles received instruction in driving 
and were fully trained. 

The film has proved to he a valualde tool in the 
study of the dynamics of living matter. The film can 
be used to record in detail the behaviour of organism 
and other living animals at a given period of its life. 
Such faithful records of living pictures can be i)rcser- 
ved and. demonstrated to others at any time when to 
I)erform or repeat such experiments under the same 
conditions would be impossible. The film can be used 
as a faithful recorder of various complicated pheno- 
mena involving rapid or slow motion, such as the 
vibrations of strings of musical instruments, motion of 
bullets, germination of scedings etc. It can, therefore, 
be used for permanently recording the transient phe- 
nomena in all its details, thereby enabling such 
complicated movements to be studied and analyzed 
accurately. 

It is interesting to know that cineniotograpliy had 
its origin in biologocal curiosity. It was the desire to 
know wheather a galloping horse ever has all its four 
feet off the ground at the same time, which induced 
Muybridge in 1872 to devise a battery of cameras for 
taking pictures of the galloping horse. Threads were 
stretched to the shutters of twenty four cameras. The 
galloping horse was allowed to pass in front of the 
cameras and in so doing broke threads and thereby 
exposed the plates. Thus a rapid succession of the 
pictures of the galloping horse were obtained. Later 
Professor E. J. Marcy, a well-known French investiga- 
tor of motion and physiologist, attempted to solve his 
scientific problems with the aid of cinematography. 
Instead of the battery of cameras used by Muybridge, 
he iminoviscd a camera with a rotating shutter 
producing a single negative with mutiple oxi)osnres 
of llie object moving across the camera. He also 
devised a photographic gum to study birds in flight. 
In fact, the names of Muybridge and Marcy, tlic 
physiologist, are very familiar names in the field of 
cinenialography. In si>ite of these early developments 
in the application of cinematography to the study of 
scientific problems, scientists have not yet utilized its 
advantages to its full extent. It is only in recent years 
that scientists in other countries have evinced interest 
in the api)lication of ciiicniatography in scientific 
education and rc.search. 

Development in Other Countries 

The keen interest shown by scientists in Great 
Britain has been responsible for starting a number of 
scientific film organizations. It is stated that in Great 
hritain there are today nearly too scientific film asso- 
ciations, while in 1938 there were only two. These 
iissociations have recently come together and consti- 
tuted a single national association called the Scientific 

3 


Film Association.* This Association was constituted in 
1943 under the presidency of Mr Arthur Elton, with 
the aim of promoting national and international use 
of .scientific films. The Association hopes to develop 
Ihc film medium in every way to further the integra- 
tion of science and society and believes that by the 
use of film the ‘hnaii in the street*' must become tlic 
“citizen scientist". With these objects in view the 
Association has devised short term and long term plans 
such as courses in film technique for scientists, 
publication of a journal, conferences, establishment 
of libraries etc. 

The formation of this society is a .sequel to the 
findings of the special committee known as the 
Scientific Film Coinmitteef set up in 1937 by the 
Assf)cialion of Scientific Workers, of which vSir 
(hiwland Hopkins is the president, with the object of 
furthering the interests of scientific films and to 
encourage the production and exjiibitioii of such films. 
This Committee grades scientific films into the follow- 
ing classes, interpretative films, educational films and 
research films and apprai.ses their scientific value, and 
issues certificates of merit to suitable scientific films. 
The Committee also renders valuable advice and assi.s- 
tance to those who desire to produce scientific films. 
It also maintains a list of .scientific films. Working 
in clo.se collaboration with this committee is the British 
Fjlm Institute, t the objects of which is to collect ond 
disseminate information concerning the use of films 
for scientific and educational purposes. The scientific 
Research Panel of the Advisory Council to the British 
Film Institute is attempting to obtain all information 
regarding the extent to which films have been used by 
scientific research workers and other details relating to 
their production. In U.S.A., the Rolab Photo-Service 
Labf)rah)ries§ were established with the object of 
assisting and collaborating with others in the pnxluc- 
tioii of scientific films. The laboratories also train 
individuals in the making of scientific films. 

Proi>uctio.\ Techniquic 

One of the most important applications of motion 
picture to science lies in its domination of time. Motion 
pictures have given us an advantage over space similar 
to what we have derived from the use of telescopes 
and microscopes in respect of .space. It is a tool by 
which we can analyze thoroughly motions which are 

•The Sciciitilic Film Association, c/o. Royal Plioto- 
graphic Society, hi, Princess Gate, Ivondon, S.W. 7, sec also 
Nature, 152, 745, 1943. 

t The Scientific Film Committee of the Association of 
Scientific Workers, Kelvin House, 28 Hogarth Road, L<^n- 
doii, S.W. 7. 

t The British I'ilm Institute, 4, Great Russel Street, 
I^iidon, W.C. 1. 

§ The Rolab Photo-Service Laboratories, Sandy Hook, 
Conn., U.S.A. 
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too fast or loo slow to be i)erccivcd with the naked 
eye. This can be acheved by photographing slow 
nioveiiieiUs with the time lapse camera and rapid 
movements with high speed cine camera, thereby 
traiivslating these itwisible motions into perceptible 
motions. 

Tifnc-lapsc motion pictures . — Motion pictures 
which are produced by exposing single frames at 
regular intervals of time and projecting in the usual 
manner constitute one of the valuable methods of 
studying the growth and movements of objects which 
take place at a considerably slow rate. Such motion 
pictures are known as time-lapse motion pictures. 
They may also be called fast-motion’* pictures 
because they make the object to appear to move faster 
than it actually did, as opposed to “slow-motion** 
pictures. This is used in the study of the growth of 
plants or cells, germination of seeds, hatching of eggs 
etc. The growth or movements of such objects which 
ma\' re(|uire da>'s, weeks and even months may be 
condensed to a few minutes on the screen thereby 
facilitating close analysis and study of the character- 
istics of growth, motion and rhythmic movements of 
object under investigation. This accelerated photo- 
grai)hy is the only means available for the study and 
analysis of slow movements. 

The important reciuisite for time-lapse photogra- 
[)hy is a motion picture camera with device to expos'e 
one frame at a lime at regular intervals. It is desirable 
to have an automatic method of exposing single 
frames at intervals which can be adjusted to suit the 
rate of motion of growth of object under study. 
When artificial lights are used it is necessary that 
lamjis arc also switched <m at the exact time of ex- 
posure of each frame. Such ecpiipment is rather 
costly and elaborate. The design of a simple and 
cheap camera which may be of interest to investigators 
using this techni(iue has been described by Harris'. 
Cine-Kodak special is admirably suited for this type 
of work. A flexil)le time-lapse outfit to be used in 
conjunction with tlie camera has been designed by 
the Kastman Kodak Company and is descril)ed in a 
paper published by Fuller and Eaton'^ A de.scription 
of the automatic method of turning the lights 
on for the exposure and turning them off afterwards, 
irrespective of the interval between pictures, is 
also given. The efjitipment which has been con- 
structed to meet the above reciuirements is known 
as the Electric Time-lapse outfit. It consists of two 
parts, the Electric Release Control and the Interval 
Timer, which are described in th.e paper. 

High-speed motion pictures : Very fast movements 
can be analyzed and studied by means of high speed 
cine camera. The slow motion pictures which we see 
on the cinema screen are taken by exposing the film 
at a rate more thaiv the normal number of pictures a 


second. When the film is projected on the .screen at 
normal speed, the actual motion of the object is slowed 
down whereby every movement can be seen in detail. 
The ordinary movie camera takes 24 pictures a second. 
The ordinary high speed movie camera takes up to 
3000 pictures a second. Special models of high speed 
cameras liave now been develot)ed, which expo.se 
2000-4000 pictures a second. The “Kodak” suiter- 
speed cine camera exposes 2500 pictures a second 
moving about 70-T00 miles per hour. By showing 
such a film at the normal speed of 16 pictures a .second, 
time is magnified, split second action is stretched into 
minutes, and movements which are too fast to be 
perceived by the naked eye can be studied in detail. 
This technique is in routine use in ballistic and other 
researches. With the help of such high speed motion 
pictures, it ha.s been possible to effect improvements 
in designing fa.sler planes more powerful motors and 
to .study the bursting of bombs, the flights of bullets, 
rocket prejectiles, the action of shock absorbers on 
guns, tanks and armoured cars. Thus high speed 
cine cameras have played important role in the war 
effort. Complicated phenomena invisible to the naked 
eye such as those occurring within the combustion 
space of an oi)erating gasoline engine have been 
studied with the help of the high .speed motion 
picture technique. For this purpose a special motion 
picture camera has been designed for exposing a 
continuous film, the image motion being synchronized 
by means of a number of lenses fixed in a disc 
mounted on the engine crankshaft. A large quartz 
tube mounted on the cylinder head enabled pictures 
of the entire combustion chamber to be taken. It is 
stated that the camera photographs thirty pictures of 
a single explosion, the rate of cx[)osure being 5000 
pictures a second. Pictures of the internal working 
of the gasoline engine have been taken which show 
the ignition spark, the spread of the flame through 
combustion chamber, gas movements behind the flame 
and various other phenomena which are impossible 
to sc'C u'ith the naked eye (Ka.ssvv'ciler and Withrow’’). 
When this film is projected at normal .speed, the 
flame motions are .slowed down over two hundred 
limes, thereby facilitating close inspection and 
analy.sis of the motions. Improvements in the de.sigii 
of oil circuit breakers has been possible by high speed 
photography of circuit breakers. 

Slow motion photography helps one to analyze 
the rapid movements of birds, animals and athletes. 
It is well known that the slow motion studies of the 
flight of birds have a considerable re.scarch value in 
their relation to aeronautical problems. Slow motion 
studies of fish have been very helpful to shij) 
designers. Fertilization in flowers has also been 
studied by this method. 

Animated pictures , — ^Tlie methods used in the 
construction of “Mickey Mouse** and other 
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animated pictures find application in the pro- 
duction of scientific films. Complicated pictures 
of scientific nature and particularly those that arc 
inil)0ssible to be photographed— the imaginative and 
impossible situation — lend themselves to tliis parti- 
cular technique. All animated cartoon on the opera- 
tion of the internal combustion engine is an example 
of such films. Animated representation of coniidex 
organic reactions is of considerable value in showing 
and explaining organic chemical synthesis. It is 
stated that H.T. Clarke of the Eastman Research 
Laboratories has prepared a film showing both 
schematic and actual preparation of several organic 
compounds. The process, however, is very tedious 
as it requires considerable time to draw the lectures 
and also it involves special techniciue. 

Microcinematography . — ^The application of niicro- 
cinematograpliy to research work offer great opiM)r- 
tunities. It has been used in the study of bacterial 
life. A microcinematographic e(iuiiuuent which can 
be used in research laboratories has been devised by 
Heinz Roseiiberger of Rockefeller Institute for medical 
research. This apparatus has been used in the pro- 
duction of film on living cells and on Lcishmanias 
and Trypanosomes. A new apparatus for making 
microscopic movies has been designed by the Kastman 
Kodak Company in collaboration with the Rausch and 
Lamb oi)tical company. Cine-Kodak Special may be 
used with a special observation eye piece which acts 
as a beam splitter. This eye piece is fitted in front 
of the camera in place of the regular camera lens. 
Hy means of a prism in the beam splitter part of the 
light is reflected to tlie film and part is transmitted 
through the eye piece so as to enable the operator to 
examine the object which is being filmed. 

Infra-red ray cinematography . Infra-red ray 
cinematography can be applied to the study of 
problems in which the use of visible light is not 
desirable. It has been applied successfully for the 
diagnosis of mental and nervous complaints of 
patients. One of the methods of diagnosis of such 
.'Symptoms is to take films of the i)aticnt’s eye while 
he is startled by pistol shots. This forms part of the 
new science called Pupillography. The films are taken 
in the dark with the help of infra-red rays as visible 
light causes contraction of the eye pninl. The move- 
nicnts of the pupil of the eye caused by the hearing 
of the pistol shots are recorded on the film, and from 
the study of the nature of the movements it is possible 
to diagnose the complaints from which the patient i.s 
suffering. Professor Lewenstein, a refugee in 
Switzerland from Nazi persecution, is the originator 
‘>f this new technique. 

X-ray cinematograph, — X-ray cinematographic 
technique is now being applied to the study of the 
function and movements of organs and limbs in health 


and disease. In addition to the common variety used 
in surgery, softer rays which arc more useful to record 
the internal working of creatures too delicate in 
structure to be photographed l)y the ordinary hard 
rays, are more widely used for X-ray movies. 

The main (lilficulty in the prodtiction of X-ray 
movie films is that rays cannot he refracted like light 
and they cannot be focussed by a lens. The X-ray 
picture is, therefore, projected on to a bright fluoros- 
copic screen and the projected picture is photograjdied 
with a movie camera. For this i)urposc a special 
camera with an extremely strong objective should be 
used. Highly sensitive films should be used, for the 
purpose. X-ray films showing the movements of 
elbows, shoulder joints, the expansion and contraction 
of the heart in beating, the function of stomach etc., 
have been produced. An X-ray film of a woman*s 
digestive process was recently i)roduced in Rochester. 
Such films are extremely useful for purposes of teach- 
ing and demonstration, and they possess high medical 
value. The movements of the diaphragm during res- 
piration, coughing and speaking have been recorded 
on film by means of this techniciue. These films are 
now being used in develoi)iiig a system of instruction 
for singers and actors, by observation of the move- 
ments of the organs of the upper respiratory tracts. 
Such films are said to open up new possibilities for 
the didactics of speaking and sj^ecially for the educa- 
tion of deaf mutes. 

Scientific Fii.ms— A NKCi.EerHi> Subject in India 

This short survey gives an idea of the many 
apidications of cinematography in scientific education 
and research and its future developments. While 
moving pictures have been used for teaching, 
scientific and research purposes to a great extent for 
a number of years in other countries, such as Great 
Britain and U.S.A., their use has been distinctly 
limited and totally neglected in India. I'he immense 
value of the film as a scientific document is not yet 
realized in our country. The production of scientific 
films no doubt attended with many difficulties. 
Their production is not a commercial i)roposi- 
tion as they cannot comi)ete with the ordi- 
nary popular entertainment films. The technique 
of their production involves highly specialized 
talent and skill., In Great Britain and U.S.A., a 
number of scientific institutions and universities are 
now ])roducing and showing scientific films. We 
are woefully lacking in this enterprise. Some of the 
few scientific films which we see in India are produced 
by Rtx:kefeller Foundation dealing with disease like 
malaria, hook worm and other health .subjects. These 
are used for i)ropaganda in the villages by Public 
Health Departments. Some of the films, e.g. on 
nutrition, are based on western standards and cu.stoms 
which may not be quite aiipropriate to Indian condi- 
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tions. It is, therefore, necessary to produce such films 
based on Indian standards and conditions of living. . 
With the lielp of films the general public at large 
should be told something of the work of scientists and 
how science affects their work in the public interest. 
For example, fanners must know how scientific re- 
search in agriculture affects their crops and their 
activity in the field. Such interpretative films bring 
out the relations of science to society and aim at 
solving the difficulties arising out of developments 
and changes in science and society. It is gratifying 
to know that attempts are being made in this direction 
by the Information Films of India to produce such 
interpretative films. A scheme has recently been 
inaugurated in Bombay under which educational films 
will be shown on Sundays at certain Bombay cinema 
houses for the benefit of students. The scheme is 
jointly si)onsored by the Information Film of India 
and the Headmasters* Association of Bombay. In 
England and other countries some of the theatres such 
as the Shaftesbury Avenue, London, show scientific 
films very frequently. Nature films produced by 
the British Educational Films are very frequently 
shown in these theatres. A far more comprehensive 
and elaborate scheme should be formulated on similar 
lines for the film to be of any real use to the student 
and the public at large in the field of science in India. 

Wanted An Aii , India Scientific Film 
Association 

In addition to such interpretative films, there is 
great scope and need for the production of research 
films. The vastness of the field of application of the 
film to scientific research justifies more attention to 
be paid by scientists, and the infinite possibilities 


that the production and use of such films in research 
institutions open up should attract a very large 
number of scientists to the technique of film produc- 
tion. It is high time that a central organization, an 
All India Scientific Film Association similar to the 
Scientific Film Association of Great Britain, should 
be created in India to collect information about 
scientific films, to explore the possibilities of borrow- 
ing films produced by scientists and scientific institu- 
tions in other countries for the use of research 
institutions and universities in India, to draw up a 
programme of production of scientific films on various 
subjects, and to advise and render technical assistance 
to those who are anxious to produce scientific films. 
The various scientific bodies in India which sponsor 
researcli schemes should set apart a small grant for 
the production of scientific films. Research workers 
and others who desire to produce scientific films on 
subjects api)roved by a special committee appointed 
by the central organization may be granted funds for 
the production of such films. >Scientific research films 
if produced on proper lines would be of considerable 
value to workers in other and allied fields of research. 
It is also desirable to have small scientific film units 
in scientific institutes and universities to film some of 
the important experiments and results of research in 
progress. Some day, we hope, scientific films will be 
produced under the direction of universities and 
scientific institutions in our country as a definite pari 
of their activities. 
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FINGER AND PALMAR PRINT OF. THE INDIAN 
JUVENILE CRIMINALS 

P. C. BIvSWAvS, 

DKPARTMKNT OF ANTHROPOI.OGy, CAI^COTtA UNlVF.RSlTY 


Introduction 


TABbE i 


^HE following work is the investigation on the 
finger and palmar pattern of the fifty juvenile 
criminals of the IndiLstrial and Reformatory vSchools 
at Alipur in Bengal. 

The materials for the following investigation are 
hundred palmar and five hundred finger prints. 

In the following tables, arc shown the occur- 
rence of Wh'^rl, Loop (both open to the ulnar and 
radial sides) and Arch in absolute number and in per- 
centages. (Table I & II). 


Loop 


Finger 

1 Whorl 
! R L 'r 

Radial 

R ly T 

Ulnar 

R L T 

1st 

26 24 .SO 


24 25 49 

2iu1 

18 16 .34 

2 6 8 

25 23 48 

3rd 

14 13 27 1 

2 1 3 

31 34 65 

4th 

24 19 43 1 

— 

24 29 53 

5th 

10 10 20 


38 37 75 


.\rdi 

R L r 


1 1 
5 5 H> 

3 2 

2 2 4 

2 3 5 
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TABLE II 


Finger 

Hand 

Whorl 

L. 

(Radial) 

h. 

(Ulnar) 

Total ! Arch 

! 


Both 

500 


490 

490 

10 

1 st 

Right 

520 


480 

480 

00 


Left 

480 


500 

500 

20 


Both 

340 

80 

480 

560 

100 

2 nd 

Right 

360 

40 

500 

540 

100 


Left 

320 

120 

460 

580 

100 


Both 

270 

30 

650 

680 

50 

3rd 

Right 

140 

40 

620 

660 

60 


Left 

130 

2 0 

680 

70*0 

40 


Both 1 

I 430 

... 1 

530 

530 

40 

4lh 

Right 1 

1 480 

... 1 

480 

480 

4 0 


Uft 1 

1 380 


.580 

580 

40 


Holli 

1 200 


750 

750 

50 

5th 

1 RiRht 

i 20*0 


76*0 

760 

40 


1 I.eft 

1 

j 200 


' 74 0 

740 

60 










The difiFereiit types of pattern (whorl, loop and 
arch) occur in the following proportion. Whorl occurs 
in 34*8 per cent (174), Loop occurs in 60*2 per cent 
(30T), among them loop opening to the radial is in 
2' 2 per cent (u) and loop opening to the ulnar side 
is in per cent (290). The pattern arch appears 
in 5*0 per cent (25). Table III. 

TABLE TIT 

XTuuRKNCK Of patterns W, L' , L"f A IN .Absou.tte Xo. \Nn 
IN PERCENTAGES AMONG 500 FINGERS 


In the table below it is given how the different 
pattern types have appeared within the normal and 
criminal Indians. From the table it appears that 
there is no marked difference in the occurrence of 
the pattern types among the normal and criminal 
Indians. 


fable V 





TeOOP 



Whorl 

Radial 

t'Tiiar, Total 

.Vrch Author 

Indians 

36- 1 

2-7 

59-2 61-9 

1-6 , Sclilagin- 

(normal) 

Indians 




liaufen 

(normal) 

Indians 

42-5 

2-75 

52-5 55-25 

2-25 ^ Biswas 

(criminal) 

34-8 

2-2 

58-0 60-2 

5-0 1 Biswas 


PaIeMar Prints 

In studying one hundred iialniar prints of fifty 
Indian criminals I have found 15 different types of 
formula in the right hand and 20 in the left hand. 
In the normal Indians, about the same number and 
similar formulae have been obtained. 

TABLE VI 


Types of Pattern 

Absolute No. | 

Percentages 

Vhorl (W) 

174 

34-8 

tadial Loop (L‘ ) 

11 

2-2 


301 

00-2 

diiar Loop (L" ) 

290 

580 

treh (A) 

25 

5-0 




. 


Table IV shows the occurrence of different tyjics 
)f pattern which appear on the fingers of the crimi- 
lals of different nations (including the results of the 
mlhor’s investigation). 


>f:ilion3 



Whorl 1 

1 

1 ' 

TAl 

Radial | 

ILE IV 

IeOop 

Ulnar 

Total 

Arch ! 

Author 

! 

Chinese 

i 51-5 

2-7 

43-7 

46-4 

20 

! AIk-I 

Chinese 

; SO GG : 

2-66 

45-03 

47-69 

1-40 ! 

i Kubo 

Korean 

; 45-18; 

3-15 

48-71 

51-86 

2-62 1 

Kubo 

Hitoto 

45-70 1 

3-43 

48-60 

52-03 

1 <K) 1 

Kubo 

Ichigaga 

J*'ip*'uiese 

45-16 

3-84 

48-92 

52-76 

1-81 

Kuljo 

hngano 

45-18 

4-2 

47-65 

51-85 

2-62 

Furusc* 

Norwegian 

25-65 

5-81 

61-14 

66-95 

7-40 

Bonevie 

Italian 

^'^ennan 

36-46 

33-70 

4.44 

54-00 

58-44 
60 92 

4- 72 

5- 38 

I'alko 

Muller 

hulian 

34-8 

2-2 

58-6 

60-2 

5-0 

Biswas 


No. 

! t'riminal 

Ntniiial 

Criminal 

Normal 

; Right 

Rigbl 

Left 

Left 

1 . 

7.5.5.4 

7. 5.5.3 

7 5.5.2 


2 . 

7.5.5.5 

7.5.5.4 

7.55.3 

7.5.5.3 

3. 

9. X 5.4 

7.5. 5.5 

7. 5.5.4 

7.5.5.4 

4. 

9.0.5.5 

9.7.5.3 

7.5.5.5 

7 . 5. 5. 5 

5. 

9.9.5.4 

9.7.5.4 

9. X 5.4 

7.7.5.3 

6 . 

9.9.5.5 

9.7.5.5 

9. X 5.5 

9.7.5. 1 

7. 

9.7.5.4 

*).9.5.4 

9.0.5.3 

9.7.5.3 

8 . 

9.7.5.5 

10.0.7.5 

9.0.5.4 

9.7.5.4 

9. 

i 11.7.7.5 

11.7.7.5 

9.0.5.5 

9.7.5.5 

10 . 

i n. 11.9.5 

11.9.7.1 

9.9.5.4 

9.().5.5 

11 . 

11.0.7.4 1 

1 11.9.7.4 

9.9.55 : 

9.9.5. 1 

12 . 

! 11.0.7.5 

11.9.7.5 

9.7.5. 1 

9.9.53 

13. 

11.9.7.1 

11 . 11 . 8.6 

9.7.5.4 

9.9.5.4 

14. 

; 11.9.7.4 

11.11.9.5 

9.7. 5. 5 

9.9.5.5 

15. 

1 

1 


11.7.7.4 : 

: 10.7.6.3 

16. 

i 


11.0.7.5 ! 

10.0.7.5 

17. 

i 


11.7.7.5 

11.7.7.3 

18. 

1 


119.7.1 1 

11.7.7.5 

19. 

i ••• 

... 

11.9.7.4 

11.9.7.3 

20 . 



11.9.7.5 

11.9.7.4 

21 . 

1 - 



11.9.7.5 


The frequency of different endings of the four 
main lines D, C, P and A of fifty right and fifty left 
hands of the fifty Indian juvenile criminals, is given 
ill Table VIII. The line D ends on 7 in 150 
per cent, on 9 in 40*0 per cent and on 11 in 45 0 per 
cent. The line C ends on o, 5', 7, 9, and in n o 
per cent., 13*0 per cent., 24’o per cent., 45*0 per 
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cent and 4 0 per cent respectively. The line U ends 
5i 5 ^ 7 cent., 3S 0 per cent and 44 0 

per cent respectively. The line A ends in i, 3, 4, 5, 
and 51 in 4 0 per cent., 3 0 per cent., 42*0 i)er cent., 
47*0 per cent and 3*0 per cent respectively. 

TATUvK VII 

I'RK(^)rK\CY OK KNDINC.S oK THB KOCTR IVUlN LrNBS I), C, H. 
AM) A IN I»KRCIvNTA(;KS 

r (ri^fht), I (left), m (menu) 


Fold- 

ing 


L.n. 

1 

■ 

L.B. 

— 


L.A 



r 

1 

111 

r 

1 

m ; r 

1 

Ill 

r 

1 

111 

0 


■ 


80 

140 

n o' ... 






1 






... 1 ... 


... 

2*0 

6*2 

i’b 

2 






... ' ... 



00 

2*0 

1*0 

3 


... 

... 



i 



0*0 

6*2 

3*0 

4 1 




!!. 





36*0 

48*0 

42*0 

5 




bb 

40 

20 I 80 

260 

17 0 56*0 

380 

47*0 

5' 




120 

140 

130 1 36 0 

400 

380 

60 

0*0 

30 

s ! 





... 

24 b 154 0 






7 

120 

180 

15’0 

160 

320 

340 

44*0! ... 



8 






. • • 1 • < « 






9 

3201 

48 0 

400 

600 

3b() 

45 0 ! 2 0 

bo 

V*o 

. . . 



10 






i'bl !!! 






11 

560 ! 

340 

45 b 

20 

bb 



... 




... i 

i 



20 

60 

40| ... 


... 

... 




Ainonji the different types of formula, the 
formulae ii. 9. 7. — , 9. 7. 5. — , and 7. 5. 5. — appear 
in larger number. 

TAIUvE vni 


Formula 

Rt. Hand 

Lt. Hand 

Total 

11.9.7. < 

24-0% 

90% 

330 % 

9.7.iv - 

7-0% 

110% 

18-0% 

7.5.5^ - 

60% 

90% 

150% 


No striking difference exists in the occurrence of 
the above three main line formulae on the normal and 
criminal Indian's liand. One can see a slight differ- 
ence in the occurrence of the main line formula g. 7. 
5. — . In the normal Indians’ hand the formula 9. 
7. 5. — occurs in lesser percentage than that of 7. 5. 
5. — . Whereas in the Indian criminal it occurs in 
quite the reverse way. (See table below). 


TABLE IX 


Formula 


Normal rndians 
(vSchlagin 
Iiaufen) 


II.9.7.— 

9.7.5. 

7.5.5. -- 


44-2% 

llvV/o 

15-4% 


Normal Iiidian.s 
I (Bi.swas) 


460'?.' 

15*0% 

18-0% 


Criminal 

Indians 

(Biswa.s) 


33 0% 
180% 
150% 


Pattern on the Hyi’othrnar area 

Patterns on the hypothenar area of the hutnan 
palm are mainly loop and rarely whorl and figure ‘S’ 
and other minor patterns. In niy criminal data l 
have got the following patterns : — 


TABLE X 


Pattern 

Right 

i 

Left 

Sum 

L" 

6 (12-0%) 

4 ( 8-0%) 

10 (100%) 

L*- 

7 (14-0%) 

8 (16 0%,) 

15 (15-0%) 

VV 

2 ( 4-0%) 

1 ( 2-0%) 

3 ( 3*0%) 

vS 

1 1 ( 2*0%) 

2 ( 4-0%) 

3 ( 3*0%) 

A« 

2 ( 4*0%) 

2 ( 4-0%) 

4 ( 4*0%) 

A« 

I 0 ( 0 ‘ 0 %) 

1 ( 2-0%) 

1 Cl-0%) 

A' 

1 1 ( 2*0%) 

0 ( 0-0%) 

1 ( 1'0%) 


TABLE XI 

I'RK<,)UIiNCY OK I'ATTKRN L<H>1» ON THB 100 CRIMINAL HANDS 


Pattern 

Right 

Left 

I/CKip 

13 (26*0%) 

12 (24 0%) 


In the freciuencv of occurrence of the pattern 
loop on the hypothenar area there lies a marked 
difference between the normal and criminal Indians. 
Schlaginhaufen working among the normal Indians, 
has got 42 5 per cent and Biswas has got 32 0 per cent. 
In the Indian criminal it appears in 25 o per cent. 
(See table below). 


TABLE XII 

COMPARATIVB TAM^K OK TUB OCCURRK.NCK OK I'ATTKRN Lool* OX 
THB HYPOTHKNAR ARKA OK THB INDIAN CRIMINAL AND XoKMAJ. 

. 

l^'requftu'y in % j .Aullio*- 


Indians (Normal) 

42*5 

37*25 

Sclilaginliaufen 

Indians (Normal) 

32 0 

Biswas 

Indians (Criminal) 

250 

Biswas 


PArrKRN ON THE TlIENAR ARKA 
On the criminal hand as well as the normal, 
patterns occur in lesser percentage on the Thenar 
area than that of the Hypothenar. In the table below 
it is given how the patterns appear on the Thenar 
area of the criminal Indians: — 


Pattern 


Ivoop 

Multiplication 

Vestige 

Whorl 


TABLE XIII 


Right 

Left 

vSuiii 

Per cent. 

2 

3 

5 

5*0 

1 

‘ 1 

2 

2*0 

0 

1 

1 

1*0 

0 

1 

1 

1*0 
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In the table XIV I have given how the pattern 
loop on the Thenar area, occurs on the palm among 
the normal and criminal Indians. It occurs in 15*3 



per cent among the iiornial Indians according to 
vSelilagitihaufen and according to Biswas it occurs in 
1.V3 per cent. Whereas on the criminal hand it 
appears in 5 0 per cent. 



TAHbK 

XIV 



I'rcquencv 

in % 

No. Hand 

Author 

Indians (Normal) 

15-3 

52 

Sehlagiidiaufen 

liuliaiis (Normal) 

1415 

13-3 

100 

Biswas 

India ns 
(Criminal) 

50 

100 

Bi.swas 


TABLH XV 

I*'KK(il l.;NCY OP PATTRRN I^OOI* TllK ThRNAK AXl» 
IIyPOTHKNAR AKKA in I'KK cknt 


hidiuiis (Normah 
Indians (Normal) 
Indians (Criminal) 


Thenar 

Proportion 

15-3 

1 ;2-7 

130 

1 :2-5 

50 

: 1 ;5-0 


Ilypotlieiiar 


42-5 

320 

250 


Pattern on the IInd, IIIrd, and IVtii 
Interdioital areas 

^11 the IInd Interdigital area like the normal 
hulividual no loop occurs. Only neben-triradius 
‘>cciirs in 7 0 per cent. On the IIIrd Interdigital area 
pattern loop occurs in 23*0 per cent (i6'o per cent on 
the right and 7*0 per cent on the left), on the IVth 
^ntcrdigital area both loop and neben triradius in 


20 0 per cent., (lo’o per cent on the right and 10*0 
per cent on the left) (Fig. i). Below is given a com- 
parative table showing tlie occurrence of loop on IInd, 
IIIrd, and IVth Inlerdigital areas of the normal and 
criminal and normal Indian’s hand. 


TARLK XVI 



.Vrea 

Lind 

f 

Area Illnl ! 

! 

Area IVth 

.Vuthor 





vSchlagin- 

Indians (Nor.) 


] 55- 1 ' 
49 0 ) 

30 0 ( 

hanfen 

Iinlians (Nor.) 

* 

Biswas 

Indians (Cri.) 

« 

230 

UvO 

Biswas 





•• 


Axiai. Tkiradips 


I have 

noted 

below how 

the* axial-triradius 

ai>peared in the criminal hand. 





TABbh: XVII 



Triradius ! 

Right 

Uft 

Total 

! Per cent. 

t 

34 

SS 

67 

07 

t’ 

0 

1 

1 

1 

t»* 

0 

1 0 

0 

0 

pc 

5 

7 

12 

12 

tt’ 

7 

1) 

13 

13 

tt” 

1 

1 

2 

2 

l.ft • 

1 

1 

s *1 

1 

It' 

1 

0 

2 

2 

1>IT‘ 

0 

1 


I 

P 

1 

0 

1 • 

' i 


There is no appreciable difference in the occur- 
rence of axial-triradius in the palm of the criminal 
and normal Indians. 


CONCI.USIDN 

As a result of my investigation of the finger and 
palmar prints of the Indian criminal, it appears that 
there is no marked difference in the finger iiriiits 
pattern of the criminal and normal Indians. 

It is very interesting that in the appearance of 
jiallerii looji on the Hyiiothcnar, Thenar, and on the 
three Interdigital areas a considerable difference 
exists on the palm of the criminal and normal Indians. 
The pattern loop occurs in considerably lower number 
in the above# areas of the criminal hand than that 
of the normal individual. In the Main-line formiilac 
and the Axial-triradins there arc no such difference.* 

* T havf to tliniiU Prof. K. P. C'liatlopadliyay f<»r his 
kind help and suj^geslions about Ihc work. 1 am also 
indebted to Mr Uottomley, formerly Director of Public 
Instructitm of Ileiigal and the Superintendent of the 
Industrial and the Reformatory SrbfKils at Alipiir for giving 
me the necessary facilities for my investigation regarding 
the inmates of the .\lipur Industrial and Reformatory 
Schools. 
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OBITUARY : PROFESSOR HARAPRASAD CHAUDHURI 


TT is with deep sorrow, we record the death of 
Professor Haraprasad Chaudhuri, M.Sc. (Cal.), 
Ph.D., D.vSe., D.I.e. (Ivond.). K.N.I., Head of the 
Dei)artmeiU of Tniv’ersity Teaching in Botany and 
Director, Kashyai) Research Laboratory, Panjab 
University, which melancholy event (Kcurred at his 
Calcutta residence on Sunday, the igth August last at 
Q-30 A.M. His premature death is a great loss to the 
country. He was suffering from high blood ])ressure, 



J’KOF. IIak\i*k.\s\I) Cii\riinrK( 


since February last, which develoi)ed into uraemia, 
from the effects of which he did not recover. Prof. 
Chaudhuri only 50 years of age at the time of his 
death. 

Born of a respectable family of Chaudhuri’s of 
Janai Baksha, district Ilooghly, on aSlh July 1895 
at Calcutta, Prof. Chaudhuri was the son of late Dr 
Janmejoy Chaudhuri, B.A., L.M.S. He had his early 
education at the Deoghar H. K- School, from where 
he matriculatcil in 1Q12. Entering the Bangabasi 
College, Calcutta the same year, young Chaudhuri 
came in contact with the late Principal G. C. Bose, 
whose influence played a great part in shaping his 
botanical career. He graduated in Science, with 
distinction in 1916 and obtained his Master’s degree 


in Botany in tqi 8 , at the Presidency College, Cal- 
cutta. Signs of his later career in botanical investi- 
gation were manifested by Chaudhuri, even in these 
early years and he published a thoughtful note en- 
titled ‘Laziness in Plants* {Presidency College Maga- 
ginc, 4, 2, 1Q17). 

When the call of the country demanded youii^ 
Chaudhuri was not slow in responding to it, and 
enlisted into the Calcutta University Corps of the 
Indian Defence Force and underwent a full course 
of training ready to offer himself for active service 
when the World War T came to an end. 

W'ith the opening of the Botany Department 
of the University College of vScience and Technology, 
Calcutta, in 1918 Chaudhuri was the first recipient of 
the Sir Rash Bchary Ghosh Research Scholarship in 
Botany, of the Calcutta Ihnversity. The Ghosh Phj- 
fe.ssor of Botany, having not arrived from Europe 
as yet, he was attached to Prof. S. N. Bal, Assistant 
Professor of Botany, Calcutta University (now 
Curator, Indian Museum). 

His first paper in mycology entitled ‘Mcliola 
growing on Phoenix Sylvvslris and Citrus meiiica 
var acida appeared in the Journal of the Department 
of Science, C. U., I, 1919. The interest created in 
him in the citrus disea.ses, kept him engaged all 
through his career in mycological investigations. He 
also contributed a paper **Ceplialeurus Mreserns 
Kiirzi, to the Sir Ashutosh Mookerjee vSilver Jubilee 
Commemoration, Vol. 2 (Science). 

In 1920, he joined the Imperial College of 
Science and Technology, London, as a reseanli 
.student, in the Department of Plant Physirdogy and 
Pathology, under Prof. V. II. Blackman, 
and was duly admitted to Pli.D. (London) an() 
Diploma of the Imperial College in 1922. A pait ol 
liis thesis on ‘a study of the growth in culture 
Wrlicilliurn albo-atrum Bet. Br.’ was piiblished in 
Annals of Botany, 37, 1923. 

On his return to India, in the same year, he was 
apjiointed a Reader in Botany in the Panjab Uni\tr- 
sity, Lahore. Investigations on the physiology of 
“Saltation in Fungi**, commenced by him in London 
was further continued. ‘A description of Colletotri- 
chun biologicum nov. sp. and observations on the 
occurrence of a saltation in the species, appeared iti 
the Annals of Botany, 38, 1924. Later, in 1931 (lour. 
Ind. Bot. Soc., 10) he observed that saltation in fungi 
is a nutritive phenomenon (nutritive saltation), unless 
it be a mutation which is of rare occurrence. 

As a teacher, he could not but be alive to the 
paucity of suitable books in India for teaching pnr* 
pose, and himself published ‘A practical introduc- 
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lion to the study of Botany*, specially intended for 
India, in collaboration with late vSir Jolni Fanner, 
F.R.S. . 

In 1919, he married Miss l^olica Bose, eldest 
^laiiKhter of the reputed scholar and Calcutta 
rarristcr, late Mr H. D. Bose, and in 1027, accom- 
panied by her he went to Ftirope on study leave 
and toured the whole of the continent. In connec- 
tion with his research work he went to Kurland for 
a third time in iq.'^4. 

On the death of Prof. Rao Bahadur Lala Shiv 
Ram Kashyaj) in the same year. Prof. Chaudhuri 
.succeeded him and was also appointed the director 
of a new laboratory donated by the jmblic, to com- 
memorate the work of late Prof. Kash\ap and named 
‘ Kashy a] > Research I-aboratorv * . 

In 1938, he was one of the three delegates from 
India who attended the I2lh International florticul- 
lural Congress at Berlin. At the invitation of the 
(lerman orRani/ers of the Congress, Prof. Chaudhuri 
had the honour to he the first president of tlie ‘Tro- 
pical Section’ of the Con.eress and delivered the 
presidential address. lie also represented the Botani- 
cal vSociety of Bengal at this Con.i'ress. 

C^'ii the merits of his ])ublished research work in 
Mycoloj-y and Plant Patholoj^y, the Ihiiversity 
of Kondon admitted him to the D.Sc. in 19.^9. The 
total number of papers published by him and his 
students are too numerous for complete enumeration. 
AloiiR with his students he worked on a variety of 
fim«i, including soil, acpiatic, and coprophilous funt*i, 
slime moulds, bacteria including bacterial diseases of 
Nvlieat and mycorrhi/a. 

Chaudhuri and Rajaram, in 19:25. made some 
interestiiiK observations re.uardinji mycorrhiza in 
Marchantia ncpalcnsis. The endophyte was isolated 
and by meaiis of inoculation experiments, a reci]>ro- 
cal symbiosis has been shown to exist. The Mfeen 
l)I;uit sui'plies the fun>>;us with carbohydrate and the 
Npecific endophyte is necessary for the formation and 
maturation of the sporophyte .generation (Flora 22). 

Chaudhuri also published a rei>ort on the citrus 
diseases of the Punjab (1050-55), an investi.u:aliou 


fnanced by the I.C.A.R. The.se include wither-tip 
anthracnose, chloro.sis, and diseases due to sapro- 
phytic funj»i. His last monoRraphic work on citrus 
diseases in Indiji is still in the press. Chaudhuri and 
his students also studied the various diseases of the 
tea bush, orchards and vegetable crops and also the 
efTect of X-rays and ultra-violet rays on the physio- 
lo.Rv of certain fiiiiRi. His last paper, a note on the 
life history of Rliitwsporidium, found on the nasal 
and faecal excretions of cows, bullocks and lionies, 
appeared this year in the ,/. f. />. .S., 24. 

He was elected to preside over the Botany .sec- 
tion of the i()th session of the Indian Science 
CoiiRTCss, held at I’aiiRalore in ig.u and he delivered 
an address on “The science of ])lant life in India — 
l)ast and present.” As president of the Indian Bota- 
nical Society, he delivered an address on “A plea for 
better co-ordination of Btdanical work in India” (/. 
I. R. S., 20, 19 - 1 1), at the 20th annual meeliiiR of the 
vSociety held at Benares. 

He was elected a foundation fellow of the 
National Institute of vSciences of India in 1955, Vice- 
President, Botanical Society of BeiiRal, and Hony. 
Secretary, Lahore Horticultural vSociety. 

Ur Chaudhuri took active interest in the academic 
affairs of the Panjab University, where he introduced 
BeiiRali as a second lan.i»uaRe in the Panjab. He 
was appointed a member of the Post-War Reconstruc- 
tion Committee, of the Faculty of Science, Panjab 
Imivensity, but his untimely death has left the work 
uulinished. 

He took to trekkiiiR as a hobby and every year 
he held the Botany summer school with his students 
in the Himalayas. 

He was vSecretary, PeiiRali vSehool, Lahore, 
Trustee, Lahore Cantonment Kalilxiri, and Ban.ua 
Lakshmi Stores etc. 

He was loved and held in liiRh esteem by his 
students and collea.uues alike and was a poi)ular tijnure 
ainoiiR the scientists in India. 

His memory will be loiiR cherished by his 
pupils, relatives and friends. 


. 1 . K. a. 
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OBITUARY: C. S. MIDDLEMISS 

Wic rc^rcl to announce that Mr C. S. Middleiniss 
C.r.Iv., K.R.vS., P'.A.S.n., the doyen of Indian 
Ceolo^^ists and a former Superintendent, Gcolofi^ical 
Survey of India (i88.^-igj7) died on June ii lavSl, 
a^ied 85 years. Middleiniss gave an account of the 
Geology of Salt range with a reconsidered theory of 
origin and age of the salt marl in 1891 (Rcc. (}. S. /., 
24). He surveyed the Kangra eartlnjuake of 
/\{h April, IQ05 (Mem : G. S. /., 38, igio) and also 
worked on the stratified formations of Kashmir 
(1908-17) that enabled him to make perfect classifica- 
tion of Kashmir record. He presided at the Geology 
section of the Indian Science Congress, held at 
liangalore, . 1Q17 and delivered an address entitled 
‘‘Complexities of Archaean Geology**. 

He later surveyed the minerals of the Kashmir 
State as the State Geologist and iniblished ‘Economic 
reports on mineral resources of Kashmir vState* 

(1930-35)- 

For fuller details of his career the readers are 
referred to vScikncp: and Citr/riiRK, V<)l. 3, i()38 
(Science Congress Supplement) . 

GEOPHYSICAL PROSPECTING 

Tup: application of the geophysical methods of 
prosiiecting for new mineral dejiosits is of compara- 
tively recent origin and has revolutionized old 
practices of mineral exploration. The recent dis- 
covery of fresh oil beds in Saudi Arabia, the story 
of which has been told by the scientific delegation 
that visited the U.K., the U.vS.A., and Canada, has 
been largely the outcome of ])rospecting by geophy- 
sical methods. The success of these new methods 
has not, however, been confined to Saudi Arabia 
alone ; the new science of geophysics, as Dr G. M. 
bees, of tlie Anglo-Iranian Oil Company Etd., re- 
j)orts in Nature, May 12, 1945, has played a vital 
role in oil exploration in Great Britain. 

( )nly some ten years ago, the geologists in Great 
Britain generally believed in the impossibility of 
anticipating oil ])ools of commercial magnitude in 
any known part of (jreat Britain, and exploration 
of oil was regarded as a hopeless task. This con- 
clusion was arrived at after careful and intensive 
search for oil over every inch of land by traditional 
geological methods. The results of exi)loration for oil 
by the L’Arcy Exploration Company (subsidiary of 
the Anglo-Irani.an Oil Company) employing geo- 
physical methods of prospecting has now given the 


lie to such conclusions. The company has been in 
active operation for nearly ten years and has succeed- 
ed in i)roving five oil fields and two areas of natural 
gas, the 243 wells of which produced a total of 337,000 
tons of mineral oils up to the end of 1944. ^^he criuU- 
oil, with specific gravity ranging from 0 83 to o*8g, 
is reported to be of good (juality, yielding good light 
and lubricating oil fractions. 

Oil fields have been discovered in the neighbour- 
h(X)d of Newark, Eiike’s Wood, Cauntoii and Kelhain 
Hills, Kormby, Nottinghamshire and other places. 
Besides, the existence of a number of gas fields has 
been proved at Ai.slaby in Eskdale, North Yorkshire 
and at Consland near Dalkeith, Scotland. The 
Nottinghamshire oil fields were discovered as a re- 
sult of intensive geophysical work carried out by the 
staff of the Anglo-Iranian Oil Comi)any. Of the 
various geophysical methods at^plied, seismic refrac- 
tion arc surveys, gravity and magnetometer methods 
arc reported to have yielded highly useful rcwsults. 
'file presence of a number of structural highs in ex- 
tensive areas in Eastern Nottinghamshire and in 
Lincolnshire has been proved b\’ these investigations 
and verified in .some cases by actual drilling. 

Furthermore, these investigations have resulted 
in the collection of new and important geological in- 
formation on the statigrai>hy and structure of the 
carboniferous rocks below the Permian unciinforinity. 
In addition to mineral oils, these .surveys based 011 
geojdiysical methods have led to the discovery of oniil 
seams of significant thickness at ispital, Diimlon, 
Stixwould, of potash salts of Permian age in Eskdale, 
North Yorkshire, and also of sylvitc and polyhalitc 
deposits. 

It will be of considerable interest to note that 
geophysical methods have recently yielded valuable 
results in the prospecting for manganese in India. 
In a recent paper in the Journal of Scienlifir and 
Industrial Research, (June, 1945), B. L. Gulatcc?, ol 
the Survey of India, discusses the results of api>lica- 
tion of the geophysical methods to locate hidden 
deposits of manganese ores in the alluvial area of 
Parsoda in the Central Provinces. The Gradionieter 
which is a modification of the Eotvos Torsion Balance 
was employed owing to the higher density of maii.aia' 
nese. The main reef was .successfully located, and 
the pattern of the profiles obtained in the area agreed 
with the geology of the region previously establislied. 
The method, it is concluded, can be successfully em- 
ployed in the location of ore bodies conii)lctcly 
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hidden under alluvium, since it gives valuable pre- 
liminary inclicatif)ns to he coiifiriiiecl by actual 
borings and eliminates huge expenditure iiivolvc<l in 
random sinking of pits. 

BOTANICAL SURVEY OF INDIA 

The report of the Botanical Survey of India for 
1044-45, issued recently, gives an indication of the 
keen interest shown by both Goveriinicnt Depart- 
ments and the commercial public in the availability 
and quality of crude drugs of vegetable origin. In 
the pharmacognostic laboratory recently built up 
under the aus])ices of a Calcutta linn, a number of 
drugs have been studied and tlie results published 
in this journal and elsewhere. Mr Bal, a member of 
llie Indian Pharmacopoeial List Committee of the 
Government of India, carried out the pharmacognosy 
of a large number of Indian medicinal idaiits that 
are to be listed in the “Indian I-harinacop(x*ia**. A 
large number of economic enquiries from the Govern- 
ment and the public, relating to pharmacopceial 
drugs, insecticitles, rubber-yielding plants, plants 
used in perfumery trade and the like, were reidied 
to. Numerous economic products were identified for 
official and non-official parties. 

While the economic liotany section received the 
necessary attention, it is really unfortunate that 
floristic study in the field was kept in abeyance on 
account of the \m\v. Specimens were, however, 
collected for the herbarium by the vSuperintendent, 
Royal Botanic Garden, Sibjmr, who made tours in 
the r/arjeeling district foi the pinpose. 

THE INSTITUTE FOR THEORETICAL PHYSICS 

\Vk have reported from lime to time the tragic 
fate of scientific anil research institutes in luirope, 
particularly in Soviet Russia, during Nazi occupa- 
tion. Destruction of the centres of research and 
learning and persecution of scientists failing to tall 
in line with the Nazis became a mad org>' with the 
Nazi leaders, and its reaction on the cultural and 
scientific life of the nations of EuroiK* will be visible 
for generations to come. Against such a dismal 
background, much satisfaction will be felt at the news 
(Science Meies LcHcr, June 7, 1045) that the Nazis, 
(luring their occuiiation (M Denmark, did not touch 
the famous Institute for Theoretical Physics at 
Coi^enhagen where Prof. Niels Bohr worked and of 
which he is the Director. Bohr is a jewish physicist 
and won Nobel Prize in 1922 for his theory of the 
atomic structure. P\*ar of persecution led him to leave 
L'o])enhageii for Sweden in October 1945, whence he 
later escaped to England. Prof. George Hevesy, the 
Hungarian chemist and Nobel Prize winner in 194.S 

research on ‘Heavy Water’, accompanied him for 
^iniilar reasons. On December 6, i945, shortly after 


their escape, the Nazis took possession of the Institute 
oil the pretext that Bohr was actively engaged in 
helping the war-effort of the Allies. They further 
inii)risoned Bohr’s assistant, Dr Boeggild, for 7 ilays 
and locked up the laboratory foreman for 10 days 
as a measure against possible Danish sabotage of the 
laboratory. The Nazis tried to place the Institute 
under flernian physicists, ])ut failed to persuade any 
competent physicist in Germany to undertake control 
of the Institute which was later returned to the 
University of Copenhagen. 

Prof. Bohr is now reported in the United States 
where he is lielievcd to have been working on the 
atom homb. He is .shortly expected to return to 
Copenhagen. The exodus of scientists, it is of in- 
terest to note, included the distinguished i>hysiologist, 
Prof. August Krogh who obtained Nobel Prize in 
medicine and ])bysiology in 1020. Prof. Krogh is 
still in Sweden and was recently threatened with 
death by the Nazis. 

The war has completely disorganized scientific 
activity in the oecui)ied territories of Europe. An 
exodus of leading scientists and literary men from 
Europe to the U. vS. A. followed the outbreak of the 
war ; but several remained in their homeland to be 
put to serious difficulties often involving life, the 
story of which is now gradually appearing in the 
Press. Scientists in Europe will leave a sigh of 
great relief and security now that the nightmare of 
war and persecution is over. W’e rejoice with them 
in their ability to return to their natural home, the 
laboratory, and resume work. 

THE SEVERN BARRAGE SCHEME 

A saving of about one million tons of coal per 
annum is exi)ected to result from the i>roposcd dam 
across the vS^vern, which, according to a report 
in Xaturc, will he the largest single source of electri- 
cal energy in Great Britain. The vSeverii Barrage 
Scheme, formulated by Mr A. Cr. Vaughan-Lee, Sir 
W’illiam llalcrow and ^Ir S. B. Donkin, proposes 
to build a dam at English Stones on the vSevern, 
which will utilize the hydro power of the rising tides. 
The dam will be provided with inlet sluices, naviga- 
tion locks and 32 turbines. These turbines, in equal 
groiii)s, would drive 32 alternators, each rated 25 
MW. at 0 9 power factor. The water stored by the 
dam during rising tides will be released through 
these turbines on the succeeding falling tides, pro- 
ducing electrical energy. The available power outlet 
will be greatest at spring tide, being about 800 MW. 
The plant would usually generate power and energy 
in two periods of al'/oul seven hours during each 24 
hours. On this basis,, the gross energy available at 
the barrage has been estimated at 2,365 million KWh. 
per annum. 
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The estimated requirement of 6,585,000 tons of 
civil cnKincerin^ materials, cement, stone, sand and 
ravel, 89,000 tons of steel and 5,000 tons of copper, 
for the construction of the dam, reflects the magni- 
tude of the project. The constructional time will be 
roughly 8 years, during which 10,355 i)ersons, on an 
average, liave to be maintained in service. The total 
cost of the barrage has been c.stimated at /, 4 o ‘32 
million, that is, per KW. of plant installed. The 
electrical energy would cost o'lgg d i)cr KWh. at 
the barrage. 

Judged from conventional economic standpoint, 
the tidal scheme docs not api)car to offer bright 
pros])ect. The cost of KW. of installed plant 

compares unfavourably with that of £^o per KW. for 
a thermal power station. The ])Ower output for tidal 
stations is also very low, being about 47 i>er cent 
as against 85 per cent for thermal station. But the 
great saving of coal whose supplies in Great Britain 
have become deficient in (luantity and in (piality may 
override economic considerations. 

THE ANUP SANSKRIT LIBRARY 

Tiik Anup vSanskrit Library belonging to the 
ruling family of Bikaner is an invaluable library 
l)ri'/ed for its great antiquity and possession of very 
rare and important works, hVoiii a note prepared by 
Dr C. Kunhan Kaja, Head of the Sanskrit Depart- 
ment, Madras rniversity, and sent to us l)y the Direc- 
tor of Publicity to the Government of Bikaner, we 
learn that the library develoi)ed out of the rich collec- 
tion of manuscriiJts in the Fort at Bikaner. The library 
has a history of four hundred years, its first manus- 
cripts having been collected as early as the middle 
of the ibtli century. The collection includes many 
works written by the members of the Bikaner Reign- 
ing P'amily and by the scholars and poets i)atroni/ed 
l)y the kings of Bikaner. These writings and rare 
works throw important light on the culture and 
civilization that obtained in India in the middle 
ages. For instance, mention may l)e made of the 
work ‘Rayasimhot.sava’ by Raja Rai Singh ji, a great 
iu)et and scientist, who ruled during the latter half 
of the Jbth century. It is a work on medicine, 
divided into 64 chapters, and deals with all topics 
connected with the science and practice of medicine. 
Thus, preventive medicine, symptoms and diagnosis 
of diseases, treatment of diseases, medicines and their 
preparation, maternity, children’s ailments and their 
cure, diagnosis of the eye, throat, etc. and pains and 
their cure are among the subjects discussed in detail 
in the work. The work appears to have been written 
as a practical guide to the medical department of the 
State in his time, and the Maharaja himself under- 
took to compile for the benefit of his people all the 
latest available facts in medicine. It is stated that 


Vol. XT, No. 3 

arrangements have been made to publish important 
works. 

MICRO-BIOLOGY IN GREAT BRITAIN AND IN THE 
COLONIES 

Great interest in micro-biology is now widely 
visible in (treat Britain directly as a consequence ol 
the impact of war. The war has demonstrated tlu- 
important part micro-biology has had to play in the 
nation’s food production. If the lessons of the war 
arc not to be overlooked during j)eace time, research 
in this science must continue to receive greater 
sui)port and encouragement. It is, therefore, re- 
assuring to learn that a Society for General Micro- 
biology has been formed, with vSir Alexander Fleming 
as its Fresident and Drs L. A. Allen of Water Pollu- 
tion Research Laboratory and R. T. St. John-Brookes 
of Lister Institute as Secretaries. The new Society 
would bring together bacteriologists, mycologists, 
inotozoalogists, and bio-chemists who had long ])eeii 
working independent of each other, without any co- 
ordination or opportunity for disemssion on common 
problems. Thu study of the fimdanieiital n.'^pect^ of 
bacteria, viruses, micro-fungi, protozoa and micro- 
scoi)ic algae, such as their physiology, nutrition, 
chemotherapy, systematics and ecology, will be the 
jirimary concern of the Society. 

The recent decision of the Colonial ORice 
(Nature) to set up a Colonial JMicro-biological Re- 
search Institute in Trinidad, for the general stiiilx 
of micro-biological probleiiis in tropical condition, 
is another iiotalde announcement concerning tlie 
future of micro-biological research. The Colonial 
Develoi)ment and Welfare Act, 1940 will pn)vifle 
funds with which to finance the Institute whose 
general super\’sion has been entrusted to the 
Colonial Products Research Council. Dr A. 
Thaysen, the first Director of the Institute, is a well 
known micro-l)iologist and worked in the Chemical 
Research Laboratory of the Department of Scientific 
aii'l Industrial Research. His fundamental investi- 
gations on food yeast have led to the development 
of a food yeast factory at Jamaica, now uniler con- 
struction. 

SCIENCE AND CRIME IN INDIA 

While speaking on the subject of “vScieiitific 
Investigation of Crime in India” at a recent meeting 
of the Royal Asiatic vSociety of Bengal, Sir Doiigdu^ 
Gordon, a former Inspector-General of Police, 
Bengal, referred to Bengal’s notable contribution 
the scientific methods in the detection of crime. 'IR^' 
first finger-i)rint bureau in the world was started in 
Bengal at the end of the last century, and the forinnki 
forming the universal basis for classifying fiif-^'* 
prints was devised after months of patient research 
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by two officers of the BeiiKal C. I. D., Mr Hem 
Chandra Sen and .Khan Bahadur Azi/ul Haiiiic. 

This system of classification was transmitted to 
London in igo3, whence it spread throughout Euroi>c 
and was adoiited by almost all the i>olice forces 
throughout the world. The principle* that no two 
finder impressions are identical was known in China 
some centuries agf) ; but the Indian workers first 
lealized its pTactical value and were able to tabulate 
and classify impressions in such a way that compari- 
son was not only possible but also comparatively 
simple. 

Modern researches reveal that impressions of 
finger, palmar and foot prints play a very important 
role in criminal investigation and are now employed 
in all progressive countries of the world. Investiga- 
tion on finger, palmar and foot print is, therefore, 
e.ssential for tracing criminals. Researches on these 
important aspects of criminal investigation are being 
carried on in the Anthropological Department of the 
University of Calcutta by Dr P. C. Biswas who 
worked on these i>roblems under Prof. Geipel, one of 
the greatest autliorities on this suliject in the world. 
Dr Biswas lays particular stress on the importance 
of palmar prints in criminal investigation for obvious 
reasons. 

Chance impressifm of the palm of hands are often 
found at the scene of crime. Imiu'ession of iialm 
sometimes occurs singly without the finger print or 
may be accompanied . with finger jiriiit^. Finger 
prints sometimes may not lead to definite identifica- 
tion of criminals. In such cases the impression of 
palm with or without tlie finger i>rinls must be used 
for correct determinatitm of criminals. Tlie palm 
impression of the criminal, on his arrest, shouli! 
also be taken with a view to comparing with the 
print obtained from the scene of action. If, liowever, 
tile |>erpetrator is unknown, a thorougli search in the 
palmar register should be made in order to compare 
the record of the palmar print provided such a re- 
gister is available. Imiuirtaiice of maintaining a regis- 
ter for the palmar print similar to that for linger print 
need not be over emphasized. In Europe and America, 
tile importance of palmar print has long been realized, 
and it is high time that all aspects of dactyloscopic 
cTiniinal enquiry should be undertaken in this 
country as early as possible. ' 

It is keenly felt that the Government should 
pay attention to this important aspect of derma to- 
graphic evidence in the investigation of criminals 
Complete record of palmar print of criminals of each 
district will facilitate correct and easy identification 

criminals. In addition, provision for facilities of 
Gaining and researcli in the scientific aspect of crimi- 
nology should command the attention of the Govern- 
ment and the Universities in India. 


SIR JOSEPH BANKS’ LETTERS 

A i..\Rr,H collection of i6o-year old letters, largely 
written by Sir Joseph Banks, an eminent botanist 
and for many years President of the Royal Society, 
dealing with the Fast India Conqiany’s foundation of 
the Royal Botanic (warden in Calcutta, were recently 
presented to the Royal Asiatic vSociety of Bengal by 
II. K. Mr. R. G. Casey; Governor of Bengal. The 
letters came into the Royal Society’s possession and 
were handed over to Prof. M. N. Saha, F.R.S. in 
November last, when the latter visited the lb K., 
the IJ. S. A. and Canada. 

Sir Joseph Banks was the jirofessor of botany 
at Glasgow' and later his services were re(i nisi tinned 
by King (ieorge III as his botanical adviser. He 
held charge of the Kew Gardens, then a private 
garden, from >o. During this period, ex- 

peditions with botanical collectors, who were men 
trained at Kew, were sent to Australia, South Africa, 
South America, the West Indies, China, India and 
other parts of the world. Sir Joseph was himself a 
companion of Capt. Cook on many of his famous 
voyages and prominently identified with early 
Australia. The contact established by Sir Joseph 
between Kew' and other colonics is continuing even in 
the i»resent day. Kew (hirdeiis is largely enriched 
with the herbarium specimens, which were the private 
property of Sir Joseph, and since Kew had no her- 
barium of its own, vSir Joseph, on his death, be- 
ijuethed them to the British Museum. 

Sir Jos».ph Banks was the recipient of iq 
M)lumes of Koenig’s manuscriids of description of 
Indian plants, on the latter’s death in 17S5. Koenig 
considered Sir Joseph to l>e the nu>st eligible iierson 
to possess his papers and made a will beiiueathing 
his manuscripts and herbarium to Sir Joseph. After 
Koenig’s death, “Plants of the Coast of Coromandel” 
was imblished under the direction of Sir Joseidi Banks 
in 1705. Koenig’s herbarium ultimately reached the 
British Museum in London. 

John Gerard Koenig, a pupil of Linnaeus, came 
to liulia in 1708 as a physician to the Danish Settle- 
ment in the Carnatic. Later he was in the service 
of Nabob of Arcot and ultimately served under the 
.Company .since 17S0. 

These letters are of intcre.st to India as well as 
Australia and will throw a flood of new light on the 
history of the foundation of the Sibpur Botanic 
(hirdeii by Col. Robert Kyd in 1787. 

IT might have been banksia 

Emily Snydkr writing in The Scientijic Monthly, 
June IQ45 gives an account of Sir Joseph Banks’ 
interest in the collection and study of plants. 
His interest in jilants was so great that Linnaeus 
wished to honour Sir Jo.seph by naming Banksia for 
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the continent Australia but for sonic reason the name 
was not favoured. 

Banks sailed with Cook on the 29th Ajiril, 1770 
and landed at a ]>lace that was christened l>y Banks 
as Botany Bay (near Sydney), because of the enor- 
mous number of strange plants he stuv there. 

BOTANIST FOR INDIA AT KEW 

Dr Dkrxhrata Chattkrji, M.Sc., Ph.D. (Kdin.j, 
F.L.vS. (Loud.), has been appointed by the' Govern- 
ment of India to the post of Assistant for India at the 
Royal Botanic ('.ardens, Kew, Surrey, England. 

Dr Chatterji had a brilliant academic career. 
Graduating in science with First Class Honours in 
Botany in 1932, he was awarded the Hindu College 
Foundation Scholarshi]> for post-graduate studies in 
the Presidency College, Calcutta. He also obtained 
a First Class Master’s degree in Botany of the Calcutta 
University in iq.m* After a .short i)eriod of service 
as a lecturer in Botany at Vidyasjigar College, Cal- 
cutta, Dr Chatterji joined the Edinburgh University 
ill 19.17, where he was a research student under .Kir 
William Wright >Sniith, Kt., F.R.S., distinguished 
for his contributions to the taxonomy of Angiosperms 
and an authority in Eastern Asiatic Botany. He 
submitted a thesis on “the Pjulemic Flora of India 
and Burma” for his doctorate (published in tlie tovr. 
& Proc, Royal Asiatic Society of Bengal) and in this 
connection he had also to work at the Kew CJardcns 
and the British .Museum in London. 

Returning to India in 1939, Dr Chatterji took up 
the post of lecturer in Botany at the Agricultural 
College, Mandalay (Bmnia). He was forced to eva- 
cuate in March 1942 and from Aiu'il 1942 he served 
as a Sy.stematic Botanist in the Botanical Survey, 
Government of India, for about a year. Since 
July 1943, he has been a lecturer at Cottem College, 
(rauhati, Assam. 

The Govenunent of India lias since 1884, at the 
instance of vSir J. D. Hooker, maintained a liasion 
officer (assistant for India) at Kew' to deal with the 
many questions referred to Kew from India on 
matters of sy.stematic or economic botany. This 
official has in recent years often been a retired offi- 
cial, whose .services were not available in India after 
the termination of period of his appointment at Kew. 

During the course of a discussion regarding the 
appointment of a liasion officer from dominions (c.g., 
Canada and Australia) at the Imperial Botanical Con- 
ference held in London in 1935, Prof. S. P. Agharkar, 
Ghosh Profes.sor of Botany, Calcutta University, sug- 
gested that the time was ripe for India to follow the 
example .set by the Union of Soutli Africa and to 
send one of her University graduates, well-trained in 
systematic botany, to serve as the assistant for India 


for a period of two or three years, working through 
our Indian collections. (.)n his return to India, the 
assistant richly stored with fresh knowdedge and 
experience would be replaced by a successor to carry 
on his work for the benefit of the study of systematic 
botany in India. This would result in increasing 
the number of trained systeniatists in India having a 
personal knowledge of the collections at Kew and 
elsewhere. 

This i.)roposal was ultimately approved by the 
Government of India and the late Sir Arthur Hill, 
Director of the Kew Gardens, and in 1939 Mr K. N. 
Kaul of the Lucknow University was the fir.st Indian 
appointed an assistant for India at Kew. Mr Kaul 
returned to India at the end of 1944 and w’ill now be 
succeeded by Dr Chatterji. 

We congratulate Dr Chatterji on his selection to 
the post and wish him a successful career at Kew. 

UNIVERSITY OF BOMBAY 

nepartmeni of I'echnology : T]\\s Department 

has been thriving rajndly. Students are i)rcpared in 
it for the degrees of B.vSe. (Tech.), M.vSe. (Tech.) and 
Ph.D. 

An endowment of Rs. i lakh was received from 
the Tni.slees of tlie Estate of tlie late Kao Bahadur 
P. K. Kolawala for starting and maintaining a Deparl- 
meut of Paints, Varnishes and Pla.stics. 

Another endowment of Rs. 7 lakhs was received 
from Sir Homi Mehta for ileveloping the DepaiTmenl 
of Technology hy instituting Readerships in Plastics, 
l ainls, V^irnishes aiul Gils, F'ats and Soaps, and foi 
e(iuipping the Departments of Foods and r»nigs and 
Oils, Fats and Soa[)s. 

All annual grant of from Rs. iO,i)oo to 43, non 
has been pnmii.sed by the Council of vScientific and 
Industrial Research, Delhi, for the e.stablishment ni 
a Department of Dye.stiifT Technology. 

A new’ degree of Bachelor of Pharmaceutics has 
been in.stituted but the courses have not yet begun, 
due, perhaps, to the difficulties of .securing materiab 
during the war time. 

Indian School of Physics:- A new vSehool «>f 
Phy.sics has been inaugurated by the Tatas in Bom- 
bay under the directorship of Dr H. J. Bhabha, F.R.S. 
from the beginning of the new academic term. 

Department of Military Studies: — Tln.s new De- 
partment, opened by His Excellency the Chancellor 
in September 1943, lias been doing well so far. How- 
ever very few of the candidates for the diploma have 
been found fit for the line, a good number of them 
having not displayed even the qualities required oi 
a leader of men. Some of them have, liowever, 
obtained the War Certificate “A” required by the 
military authorities. 



September, 1945 


NOTES AND NEWS 




Diploma in Librarian ship : — The first examina- 
tion for this new diploma was held in March rQ44. 
The staff of the Ihiivcrsity library, headed by Dr 
Joshi, has been giving lectures along with other visit- 
ing lecturers. 

Geography as a Science Subject : — The Hombay 
University has now recogni/cd the value of Geogra- 
phy as a science by prescribing courses in this sub- 
ject foi* the H.Sc. examination, after a struggle of 
about a decade against the ortlnalox members of the 
Academic Council, led by those interested in the 
future of Geography, especially Professor Pithawalla. 
The first examination in this subject for H.Sc. was 
held in March-April last. 

Research icork done : The following are among 
llie theses accepted or published liy the University dur- 
ing the past year: Dr M. G. Phagal — “The Farmer, 
his Welfare and Wealth**; Dr (»anju — “The Textile 
Industries in Kashmir** ; Dr U. T. Tliakur~-“Sind 
Hindu Culture** ; Dr R. M. Haider -“The Society 
and the Visually Handica])ped’’; Dr D. P. Khaiiapur- 
kar — “The Aborigines of South Gujarat**. 


JOURNAL OF COLLOID SCIENCE 

Thic Academic Pi ess Inc. of New York, U. %S. A. 
will be soon imbli.shing a Journal of Colloid Science, 
and the first is.sue of the journal is expected to come 
out in January, io4(). The following aspects of 
colloid science will l)e dealt with : 

(rt) Fundamentals : Physics, Physical Chemistry 
and Chemistry of Colloids and Surfaces. 

(b) A|)plications : (i) Industry, c.g., Plastics, 

vSoaps, Photogra])hy, Food and Flotations, Fmulsions; 
(3) Piology, Frotoplasma, Cell-structure. 

The journal is intended to liave an international 


character and the following liditorial Hoard and Con- 
sulting Connnittce have been set uj) : 

Editors : T. R. Holam -P'dinburgh, vScotland ; 
K. F. Burton — Toronto, Canada ; J. W. McHain— 
Stanford Univ., Calif. ; P\ K. Kideal — Cambridge, 
Fngland ; W. vSeifriy.—Philadelpliia, Penna. ; A. W. 
Thomas — New York, N. Y. ; A. Tiseliiis— Ui>sala, 
Sweden ; H. H. Weiser Houston, Texas. 

Consulting Cimmittcc : W. T. Astbury — Deeds ; 
W. Clayton — Onnngton, Kent, Phigland ; P. Debye— 
Ithaca, N. Y. ; A. PVumkin — ^loscow, U.vS.vS.R. ; 
W. D. Harkins — Chicago, 111 . ; Hans Jeiniv — Berke- 
ley, Calif. ; S. vS. Kistler — Norton Co., Worcester, 
Ma.ss. ; J. N. Mukherjee- -Calcutta, India ; F. F. 
Nord, New York, N. Y. ; The Svedberg — Ui)sala, 
Sweden. 

Papers from India may be submitted to Professor 
J. N. Mukherjec, C.H.E., D.vSe , University College 
of Science and Technology, 92, Upper Circular Road, 
Calcutta. 

/The I{ditors intend to maintain a high scientific 
standard. 


ANNOUNCEMENT 

Wk are glad to announce that Dr (D Watts 
Padwick M.vSe., Ph.D. (Dond.), Government Myco- 
logist, Bengal, Director, Research Laboratories, and 
Principal, Agricultural Tn.stitute, Dacca (formerly 
Imperial Mycologist, Government of India), has been 
admitted to tlie degree of doctor of science, London 
University, on the merits of his work on “Diseases 
of ])lants in India, (ireat Britain and Canada with 
special reference to P'usariuw diseases, and taxonomic 
work on Indian Fungi.** 


We congratulate, Dr Padwick on his success. 
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SYNTHETIC SAPPHIRES 

Tiik Rcviciv of Scientific Instruments, May 
1945, reports the recent success attained in the 
United vStates in the i)r()ductioii of synthetic sapphires, 
such as coninduni and spinel. Corundum is a crystal 
of aluniiniuin oxide and has reniarkal)le physical, 
chemical and o])tical properties. It is next to 
diamond in liardncss. On account of these jnoper- 
ties it is chiefly used as a hearing material in preci- 
sion instruments and mechanisms and also as a ga^e 
material. Its great hardness, long life, freedom from 
distortion and corrosion, and capability to retain 
high polish recommend its use as a highly suitable 
material for gages. 

Corundum is synthesi/ed by fusing aluminium 
oxide in an oxy-hydrogen flame and then (lepositing 
the fused material on a fine clay pedestal into a 
carrot-shaped mass known as a ‘boule’. The boule is 
a single ciystal with remarkalile homogeneity and, 
on an average, weighs 200 carats, although p>;)-rarat 
botiles, about 3 /4th inch in diameter and 2 inches 
in length, have been iiroduced. Synthetic ruby can 
be prepared by adding chromium oxide to aluminium. 

Recently, the Idnde Air Products Company has 
succeeded in producing long crystals of rod corun- 
dum, having diameters ranging from o’obo to o' 125 
inch and length up to 30 inches. S])ccial signi- 
ficance attaches to the preparation of rod corundum 
which is used for jewel bearings and which assures 
economies in labour and in critical materials such as 
diamond and copper used in the cutting saws. 

>Spincl is another mineral whose synthetic pro- 
duction on an ex])erimental scale is reported. It is a 
combination of magnesium and aluminium oxides 
and is harder than steel, glass, or (piartz, though less 
hard than .sapjihirc. The process of synthesis is 
identical with that for .sapjdiire. Spinel is also use- 
ful as a bearing material. 

PLASTICS EYES 

Artiiuci.al glass eyes are known and have re- 
ceived wide application throughout the world. 
Before the war, (icrmany almost monopolized the 
manufacture of artificial glass eyes and such coun- 
tries as the V. vS. A., Britain and others had to 
depend largely on German supplies. The American 
Optical Company is recently reported [Scientific 
American) to have developed a new all plastics arti- 
ficial eye superior to glass eyes in sev»*ral respects. 

The new artificial eye is moulded from non- 
irritating acrylic resin. The eye is made in three 


parts. The .sclera, or the white portion of the eye, 
is moulded from a translucent plastics, into which 
a round recess is cut for the iris. The iris is a photo- 
grai)hic reproduction of true iris, properly cploured 
and is fitted into the scleral recess. Finally, the 
sclera and the iris are covered by a transparent 
idastics. Three parts fuse excellently with one 
another, producing a single ])iece all plastics eye. 

All plastics eye is non-irritating and more life- 
like than a glass eye. The life-like appearance is 
due to the idiotographic reproduction of the iris and 
the smaller reflection of light from th.e surface, unlike 
glass eyes. Plastics eyes arc durable and can be 
reshaped by grinding to fit the eye socket comfort- 
ably. The eye socket secretions have no corrosive 
action on such eyes which can be retained during 
night. 

RECLAMATION OF INSECT INFESTED FOODGRAINS 
AND FLOUR 

Inskct infestation has always been a serious 
jirohlcni for the grower, the distriliutor and con- 
sumer of foodgrains and flour. During peace time, 
there is usually (juick and lil)eral distribution of food 
materials with the result that losses through insect 
infestation are not acutely felt. During war time, 
however, owing to restricted food supply, a nation- 
wide system of rationing and the necessity for storing 
large quantities from one crop .sea.son to another, the 
problem has become fairly acute. 

Improved methods of storage, as also the intro- 
duction of hygienic measures for collection and tran- 
sport, will undoubtedly helj) to reduce the incidence 
of infestation, but they cannot altogether eliminate 
insect life unless some drastic treatment for the coni- 
idete destruction of all the insects and their eggs is 
also adopted. Under Indian conditions, adoption <d' 
hygienic methods of collection and transport is not 
always practicable. Insect proofing of godowns will 
not altogether eliminate the multiplication of insects 
already i)resent within the bags. Even in other 
countries where all kinds of precautions are taken 
before exporting, it is not altogether pos.sible to 
eliminate insect infestation as may be seen from the 
condition of some of the foodgrains and flour import- 
ed into India during recent years. 

Certain types of food materials attract insects 
to a greater extent than others. Thus, unpolished 
or underpolished rice which is a feature of the pre- 
sent day attracts more insects than iR>lished ric.* 
because of the association of bran with it. Similarly, 
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whole wheat flour which is now distributed in large 
quantities and is also stored for fairly long pericxls 
attracts insects to a considerable extent. The pro- 
blems of the present time are naturally more com- 
plicated than would have been the case in the i)re- 
war period. 

Insect infestation causes not only a certain 
amount of direct loss, but also a great deal more of 
indirect loss of food materials. The insects usually 
eat up only a small part of the solid matter of the 
food material (usually less than 5 per cent), but they 
produce a good deal of moisture and bad smell. They 
alst) leave their excreta and other residues which, 
though not usually i)oisonous, are not altogether 
desirable. The increased moisture content encourages 
fungus growth. Rancidity is also much favoured. 
As a result of these, the food materials, though 
still retaining a large part of the main food ingre- 
dients, arc rendered unattractive and in many cases 
also unsuitable for use as huinan food. 

Some i)reliminary observations made by us 
would suggest that the insects either use up or dis- 
troy a considerable part of the vitamins (particularly 
vitamin B,) of the foodgrains and flour. This subject 
is under further systematic scientific study. 

Insect infestation, combined with conditions of 
indifferent storage, has led to extensive spoilage of 
foodgrains and flour in different parts of the country. 
vSmie of the spoilt material develops foul smell and 
taste and, in that condition, it is unfit for human 
consumption. In good many cases, the spoilage is 
not so extensive, but it is very difficult to distinguish 
between different degrees of .sjioilage excepting on 
some arbitrary basis. In actual practice, some autho- 
rities are more severe than (jthers. In certain areas, 
it is quite common to find certain types of heavily 
infested articles either .sold openly in the market or 
distributed as rationed articles to the civil poimla- 
tion ; whereas, in others, the same articles, possibly 
in an even better state of i^reservation, are con- 
demned on a whole.sale basis by the authorities. 
Purely scientific considerations do not always deter- 
niine the acceptance or rejection of such food mate- 
rials. 

Neither insect infestation nor the resulting 
spoilage starts all at once. They take some time to 
<levelop and if a prosier watch could be kei)t, it 
should be possible to put a stop to insect multiplica- 
tion and the attedant spoilage at a fairly early stage. 
The foodgrains and flour thus treated sliould last for 
quite a considerable length of time. This type of 
control is not apparently exercised to the desired 
extent at all centres. The spoilage is usually noticed 
only at a rather late stage when reclamation is not 
so easy. 

6 


speaking from the purely scientific angle, in- 
fested foodgrains and flour should lx* generally cap- 
able of treatment so as to render them suitable for 
human consuiiii>tion. The insects and their eggs can 
be killed out. The webs formed by the in.secls can 
either be removed as such or broken up. The vege- 
tative growth of fungi can be suppres.sed, and even 
most of their spores killed mit. The moisture content 
can be reduced and fiirlher spoilage ihrougli this 
agency thus arrested. The smelly constituents can 
be either volatilized ofl’ or their odours neutralized. 
The bad taste lliat is noticed in s«>iiie cases can also 
be eliminated. 1‘veii if the^e are m)t fully accom- 
plished, it should still ])e possible to reclaim the food- 
grains and flour to such an extent as to render them 
suitable for use in certain types of i)reparali»jns which 
would automatically mask the slightly disagreeable 
taste and flavour. Thus, reclaimed atta which has 
got a smell and a somewhat bitter taste may not 
make good chapaiis^ or certain types of preparations 
where boiling with water is involved. The same attii 
will be suitable for frying and baking ojicrations. 
Mixed with other ingredients, the di. sag recable flavour 
and ta.sle can be comi)letely eliminated. 

Ill dealing with a problem of this type, there is 
one other aspect nhich would deserve very serious 
consideration. Over a large part of India, the majo- 
rity of the i)opulation can hardly afford two meals 
a day. A food material which still retains the major 
part of its feeding value should any day be more 
valuable than none at all. The reclaime<l foodgrains 
and flour, even if slightly smelly, should still he 
acceptable to a large section of people in the country. 

Over a large part of the country, storage of 
foodgrains and flour is being done under the super- 
vision of entomologists who also attend to the ])eriodi- 
cal exainiiialion of the materials, de-infestation of 
godowns and so forth. The entomological strength 
is not, however, siiificienl to keep cjintinued watch 
and to control infestation in every part of the country 
and in every store and godown. In good many ca.ses, 
the infestation increases during the i)eriod of storage 
and when the grains or flour are finally examined, 
the spoilage is often in an advanced stage. 

What we need very badly at the present lime is 
not only more efficient check on materials in storage 
but also the adoption of (piick and drastic methods 
to kill out the insects and to arrest the attendant 
spoilage as soon as it is detected. There should also 
be a certain amount of technical control to deter- 
mine the extent of spoilage at any jiarticular stage. 
vSkilled staff will also be needed to Jiandle materials 
showing a certain amount of spoilage and to reclaim 
them quickly before they become more or less unfit 
for human consumption. 

It becomes increasingly necessary, therefore, 
that in addition to further entomological control, 
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there should also be a nucleus of special staff whose 
constant endeavour will be to take over the partially 
spoilt grains and flour aiul to reclaim them as soon 
as possible. vSonie nietliods of reclamation arc already 
known. Purther methods have also to be studied 
particularly in regard to the removal of undesirable 
smell and taste. This type of work would recjuire 
the whole time attention of a competent biochemical 
staff. 

It is earnestly hoped that in consideration of 
the importance of the problem, very early steps will 
be taken by the Government to build up a nucleus 
of technical staff whose concern will be (i) reclama- 
tion of infested foodgrains and flour by known 
methods and (2) development of new and improved 
methods for the reclamation of foodgrains and flour. 
It may not be i)ossiblc for the same people to do 
both research and routine work. This could he easily 
organized by appointing different staff for the two 
types of work. Once a nucleus could be built up, 
more trained personnel could be produce<l and these 
could go out to different i)arts of the country and 
assist the various Provinces as well as the States in 
reclaiming the food materials wherever there is a 
suggestion of spoilage. 

N. lUiima Rao 
V. Subrahmanyan 

THE MENISCUS TELESCOPE 

A new type of telescope, using a concave 
meniscus lens and combining most of the good 
(jualities of both reflectors and refractors, has been 
recently developed by Dr I). D. ]\Iaksutov, of the 
vState Optical Institute, according to a note by Mr G. 
Stanley vSmitli in Nature, June 30, 1945. The de- 
tailed description of the principle and the advances 
of the new telescope originally appeared in the 
Russian journal Nauka i Zhizn {Science and IJJc). 

The new telescope works on a very simple prin- 
ciple which may be clearly appreciated with reference 
to the accompanying diagranime (Fig. t) reproduced 
from Nature. H is a thick concave meniscus lens 
with exceedingly small i^ower and is placed in front 
of a concave spherical mirror A. The concave mirror 
may be silvered or aluminized and has a small open- 
ing at its centre. The central part C of the meniscus 
H is also silvered. Parallel rays from the distant 


object are incident on the concave vside of the lens 
and emerge almost as a parallel beam (more correctly, 
as a slightly divergent beam) to be reflected succes- 
sively at A and C to form the image at F,. 



The system, known as the meniscus catadioptric 
system, is remarkably free from defects in the images 
due to spherical and chromatic aberrations. The 
elimination of spherical aberration in this system is 
of particular interest and rests on the fact that, 
whereas the meniscus lens produces positive aberra- 
tion, the concave mirror gives rise to negative 
spherical aberration. Dr Maksutov has shown that 
proper selection of the radii of curvature of the 
meniscus and mirror, the thickness of the meniscus 
and of the (ptality of glass employed i)ermits of com- 
plete elimination of this defect. The removal of the 
chromatic defect is also reported to be xery .satisfac- 
tmy in this arrangement. The meniscus telescope 
combines the compactness of a refractor with the 
achromatism of a reflector. 

Mr Smith reports that the meniscus telescoi)e is 
capable of better definition and shari)ness of image 
than is po.ssible with the Yerkes refractor having :i 
tu])e length of 20111. or with the vSimeiz reflector (now 
destroyed) having a parabolic mirror of 1111. diameter 
and a tube letigMi of 5111. besides reduction in size 
which is itself a great advantage, meniscus telescope 
is much cheaper than the Simeiz or the Yerkes tyi)e. 
The cost of I 111. a])erturc vSinieiz and Yerkes telescope 
has been estimated to be respectively four times and 
seventy times the cxiienditurc involved* in making 
a meniscus telescope of similar aperture. The high 
efficiency and low cost of the new ty])e of telescope 
may lead to its great demand in the post-war period 
when rehabilitation of ob.servatorics already destroyed 
and construction of new ones are to be undertaken in 
right earnest. 


S, N. S, 
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A SUBMARINE CABLE FAULT 

M()Nf)UANJAN DATTA 


supply of energy by the Narayangaiij Electric 

Supply Company on the eastern side of the 
river Sitalaksha was completely cut off by the break- 
down of a submarine cable linking up the i)ower house 
on one side of the river with the sub-station on the 
other. The cable consisted of a three-core (7/16) 
0.0235 sq. in. conductors insulated with impregnated 
paper, lead-shealhed and jute-served over all and 
double wire armoured. It was laid in the river bed ; 
the route length was 800 yds., and there was only one 
joint on the i)ower house side connecting it to the 
underground cable. - The resistance of each core of 
the cable per loco yds. is i'ii6 ohms. 

Tn an attempt to localize the fault, it is necessary 
first to know the nature of the fault concerned, 
ill as much as the tests to be carried out depend to a 
large extent upon the nature of the break-down. 
The tests were done primarily in respect of the general 
insulation to earth and to core, and of the continuity 
of the conductors. 

The insulation resistance of all conductors was 
tested each way, i.c. once from the power house end 
and again from the sub-station end with a 500 voUs 
megger. The results from the power house end 
showed the in.sulation resi.slance to be rigljt down to 
earth, but those from the sub-station end gave higher 
readings. 

The cores of the cable were all separately 
coloured. The continuity tests were carried out first 
with the help of a bell and a battery, and then with 
a test lamp and 2^o volts A.C. supply pressure. 
These tests were aiiplied with all the ends of the cable 
at the .sub-station end .shortened together and earthed, 
and again with the earth removed. 

With the bell and the battery the result was no 
ring in all cases and with the test lamp the results 
may be stated as below : 

With the red core and the sheath connected 
together, the lamp glow was feeble. 

With the blue core and the .sheath connected 
together, the lamp glow was feeble. 

With the yellow core and. the sheath connected 
together, the lamp glow was full. 

When the same test was applied to the cores, the 
following results were observed ; 

With the red and the blue connected together the 
glow was feeble. 

With the red and the yellow connected together 
the glow was full. 

With the blue and the yellow connected together 
the glow was full. 


W'ith the earth removed from the sub-station end, 
the glow of the lamp in the ca.se of the yellow core 
was full, in the case of the red core feeble, and in the 
case of the blue core very feeble. 

The insulation and the continuity le.sts thus com- 
pleted, the insulation resistances between main con- 
ductors were measured by {a) a megger atid then veri- 
fied by (b) a bridge megger. These measurements 
were carried out from each end. The measured resist- 
ances are given below : 


.Measuml Kesistjiiu-fs in oliiii.s. 


Conductor.^ 
need for tests. 


VVitli lrM>p at 1 Result from ; Result from 
the remote ' power house ' snU-slatum end 
end of the j end- llie siih-1 the power 
sill )-‘slat ion ' slalioii end ! house end 


end 


i open inreuited. 


I 


ojien eirciiited. 


Red — sheath 
Hlue — sheath 
Yellow- sheath; 


1,540 I 17,000 

2,040 I 15,000 

1-4 18,000 


Red hlne I 4,000 5,000 

Blue yellow 1 4,500 ' 4,400 

Red yellow’ ! 2,660 j 3,500 


12 , 0 ( K ); 20,000 
2 , 000 ; 2,000 
12,000; 25,000 


The figures in the fourth column of the last three 
rows indicate that the resistances were measured 
twice in each ca.se with an interval between each 
mea.surement. 

It will be .seen that the results in the case of 
Blue- Yellow and of Red-Blue indicate that there 
would be a comparatively high resistance break in the 
conductors concerned more than in the case of Red- 
Yellow, as the resistances for completed loops in the 
fir.st cases approximate to tho.se under open circuit 
condition. In each case, however, the resistance of 
the completed looj) is greatly in excess of the cal- 
culated resistance of the two conductors in scries, viz. 
2/^ = 1/9 ohms. When the resistances were measured 
from the sub-station end with the power hou.se end 
ov)cn circuited, the resistances in cases of Red-Blue 
and Red-Yellow appear to he considerably greater and 
varying. Evidently it is the red conductor which has 
more or le.ss a complete break. Moreover, the resist- 
ances between each of the cores and sheath .show that 
the dielectric of the yellow core has deteriorated so 
as to result in a low resistance fault to the sheath. 
The fault can be represented diagramatically as in 
Figure I. 

It would, therefore, appear from the results 
that in the present case an earth fault has deve- 



140 


SCTKNCE AND CULTURE 


Vol. XI, No. B 


loped on one of the cores, though the insulation bet- 
ween the cores has not broken down conii)letely. 



1 


Eacli of the cores again appears to have ‘breaks* in 
the nature of a high resistance or jjartial contact. 
This was confirmed in the following way : 

An independent return cable composed of 5 coils 
.^/2o V.I.R. and 4 coils 3/22 V.I.R. was run across 
the river, the total mean resistance of the cable being 
the mean of three measured values, viz. 9 55, 9 0, 
and o’ 2 ohms, i.e. 0 25 ohms. 

The resistance of each core of the cable through 
the common return was measured by the bridge meg- 
ger and the following results obtained ; 

ReU -ComiHon return 23,990 uliins. 

nine Coiiinioii return 3,980 olinis. 

Yellow Coiiinioii return 2,045 ohms. 

moreover, the resistance of the lead-sheath through 
the cotumon return was found to be of the order of 
50 ohms. 

In view of the partial ‘breaks* in the cores of the 
conductors and also in the lead sheath, the usual low 
resistance fault localization tests, i.c. the bridge test 
or the fall of potential tests were not considered. 

Figure 2 shows a modiru?d potential fall test 
w liich was applied to the faulty core (viz. the yellow 
core) using the common return or the pilot wire as 
it is called for the verification of the continuity test. 



Fm. 2 


A 6- volt battery was used to drive a steady cur- 
rent through the fault to earth via the return loop set 
up. If I' be the voltmeter reading to earth at the 
near end of the faulty cable with a current I flowing, 
then 


where v — resistance of the conductor from the power 
house end to the fault, and /-fault resistance to earth 
from power house end to earth, the two being in 
scries. 

It, therefore, follows that knowing the value of 
f, the value of x can be found out from the readings 


of the voltmeter and the ammeter. The actual fault 
position at a distance F from the power house end is 
a proportion of the total length (800 ytls.) in the ratio 
of X : R ; therefore, 

F = X 800 yds. 

The calculated resistance R for a length 800 yds. of 
the cal)le conductor used w’as 0 89 ohms. 

In the test carried out in accordance with the 
diagramatic plan given above, the following readings 
were noted by the ammeter and the voltmeter. 

1 ill m.a. r ill 111 . v. 

J)9 28-2 X 12 

85-3 25-2 X 12 

57 20 X 12 

89-5 20-3 X 12 

Carrying out the third readings, we get F/ 1 3*4 

ohms (approximately). 

The earth resistance of the yellow phase at the 
fault was measured to be 2 2 ohms and that of the 
lead-shcOth h ohm, so that / comes out to be 2 8 ohms, 
when X becomes eciual to '6 ohms.* Rut these results 
are not of much value as to the location of the fault. 
For full investigation, therefore, further tests are to 
be carried out, which could not be done this time for 
want of time. 

However, an e.vamination of the inve.stigation 
carried out so far suggests the following : — 

(t) The break in the conductor is confirmed. The 
strands of each of the core are severed. It is likely 
that \vhen a fault occurs, and the current available at 
the fault — .specially if the switch action delayed is 
too large, the cable cores may have reduced in cross 
sectional area by the resultant arcing with the conse- 
ciuciit secptel that ^he strands are left oiien circuited. 

(2) Even if the strands were not all completel> 
severed a small reduction in the area of the core can 
prevent the loop or the drop tests from locating the 
fault as the current will travel over a considerable 
dista.xe before the current is again shared e(|ually 
amongst all the conductors. Its effect is similar to 
tliat of an addition of a resistance at that point, 
equivalent to the many yards of length of the cable 
core. 

(3) In the case of the yellow core all the strands 
do not make contact with the lead sheath ; contact is 
more likely to be made by one or more of the strands 
lying on one side (viz. power house end) of the 
damaged place. The ‘earthed* strand is not neccs- 

• An extract of a letter when in press from the ChitiM; 
gong Kiigiiiecriiig & Electric Supply Co. Ltd. (Narayangunj 
Branch) will be of interest. 

"The defect located in the sulnnarine cables within 600 
ft. from the sub-station end. The cause <if the defect is thu" 
to unauthorized anchorage. The siihniarine cable i.s twislc*! 
in one place swerving the armouring.” 
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sarily in intimate contact with its neighbours ; it also 
might carry the test current sent to it via the earth 
up to a considerable distance before the remaining 
strands share it eciually. This alone has llie effect of 
shifting the earth point electrically from the actual 
fault position to some remote and (piitc indefinite 
place. This is also etpii valent to the addition of a 
new resistance to that of the cable core. 

The above fault might have been caused by a 
large anchoring accidentally at or near the place 
where the cable was laid, causing damage to the pro- 
tecting sheath directly tlirough mechanical force or it 
might have been the result of corrosion of the lead 
sheath followed by the penetration of moisture and 
consequent break-down. In either case it is probable 
that the ultimate break-down was caused by the 
gradual f)enetratioii of moisture. 

In order to make sure that there will be no recur- 
rence of the vSame damage in future, it is necessary in 
the first place to trace the cause ; no fault should be 
allowed to pass unexaiuined. The damaged cable 


should be taken up and data collected concerning its 
previous history. It will then be possible to ascertain 
whether the damage is due to external agencies or 
due to corrosion. If this be deliiiilcly known requi- 
site precaution against future break-down can be 
planned out. 

Corrosion may be either chemical or electrolytic. 
The electrolytic corrosion of buried metallic .stuic- 
ture is caused by currents origiiiating from a number 
of causes, of which the following may be cited : 

(a) D. C. supjdy system, 

(h) Natural earth currents, 

(r) (Valvanic currents 

{d) Electric traction systems. 

In this case if the fault is at all due to electro- 
lytic corrosion it is the cause (< ) which seems to be 
involved. It is due to contact of dissimilar subs- 
tances ; the i>r()duction of such current is accelerated 
by the presence of electrolytic solution. These 
happenings may not be uncommon in the case of a 
submarine cable. 


MEDICINE AND PUBLIC HEALTH 


MEDICINAL PRODUCTS FROM ORISSA 

Thk report of the “Industrial Survey of Orissa” 
by H. II. Mohanty (1945) .states that the cultivation 
of cinchona plants is being tried in the Jeypore Estate 
in the district of Korajiut, and something like a 
thousand trees have been planted as an experimental 
measure. The Forest Department of the estate is 
trying to increase the area under i)lantation. lly 
the older process the plants were allowed over five 
years to mature before extraction of quinine from 
their barks could be taken up. The new Rus.siaii 
experiment of extracting <|uinine from one year old 
cinchona trees ought to be given a trial as India’s 
rc*(|uirement of quinine is very much greater than 
the present production. Considering the wide pre- 
\alence of malaria, and its injurious effects upon the 
l^eople, the question of increasing the i)roduction of 
quinine is an urgent one. If the experiment of 
growing cinchona trees in the Koraput district 
proves to be a success, it might be possible for the 
Ihovince to get all the (luinine she needs within her 
u\Mi boundaries. 

It is also desirable to set up the necessary plant 
to extract strychnine from the seeds of nux- 
voiiiica which grows abundantly in many parts of 


Ori.^sa, and the neighbouring vStates. All the nux- 
vomica now grown in Orissa and in Orissa States are 
exported. 

The Fisheries Department of the (lovernmeiit 
of Ori.ssa, prepared last year more than 100 gallons 
of shark liver oil from the sharks caught off the 
Orissa coast and found that il would be ])ossible to 
prepare the oil on a commercial scale and market 
the product at a reasonable i>rice to compete with 
cod liver oil. It is now left to the bu.siness organi/a- 
tioiis to develop the industry on a commercial scale. 
When the industry develops, further benefits will 
accrue by utilizing the by-products such as shark 
skins and flesh. Shark skin yields fine soft leather 
and shark flesh could be utilized for manufacturing 
fish glue. 

No attempt has been made to extract the active 
principle found in Vilex pcduncularis, Cassia berina 
and fistula, Ayidrographis paniculala, Adhatoda 
vasica, Saraca indica, Daiuru fastuora etc., for medi- 
cinal use. These plants grow wild and in abundance 
in Orissa. When a chemical and pharmaceutical 
industry is started in Orissa, the innumerable herbs, 
and medicinal plants found in plenty in Orissa will 
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l)rovide valuable raw materials for preparing syrups, 
alcoholic extracts, and tinctures, etc. 

ERGOT PRODUCTION IN THE TROPICAL PLAINS 
OF BENGAL 

ErcJoTS are liard, Iduish-black structures formed 
as a result of development of the ergot fungus 
(Claviccps purliurea)^ on the heads of certain cereals 
and grasses, where the ovaries of the individual 
flowers so affected become malformed, and ultimately 
])rodiice the ergot of commerce. Poisonous alkaloids 
obtained from these bodies are ii.sed for in obstetrics, 
in the c()ntrol of internal haemorrhage, in spinal and 
cerebral congestions, in periodic sick headache, 
known as Jiiigraine, and in the recent war it has 
been successfully used in the treatment of wounded 
soldiers and air raid victims. 

It has been estimated that Hritish requirements 
amount to 50 tons per annum and the i>rincipal 
sources of supply prior to the war were Spain, Portu- 
gal, Rus.sia, Poland and the Baltic States, where 
natural infections are common from year to year. 

Because of this dependence on foreign supply, 
Britain and its dependent countries experienced a 
‘ergot famine’ during these war years. The British 
MinivStry of Health in 1941, made an appeal to take 
u]) researches for its production under artificial con- 
ditions. Following this, investigations for its culti- 
vation in Wales and W. coast of P'ngland achieved 
some success. Australia attempted its production 
in New vSouth W’ales and Victoria and achieved more 
success in the latter place. In India, the Madras 


Government is financing a scheme for its cultivation 
in the Nilgiri hills at an altitude of 6,000 ft. during 
the winter months, where its cultivation has been a 
success {Madras Agricultural Journal, 30, December, 
1942). 

Indigenous ergot, as well as those artificially 
produced have so far been found to grow only in 
temperate climates and at an altitude of 4,000 to 
b,ooo ft. With a view to acclimatize and make the 
rye plants grow under such tropical conditions as in 
Calcutta, investigations were undertaken by Mr J. C. 
Saha of the Botany department, Presidency College, 
Calcutta. With proper care and manipulations the 
rye plants (Secale ccreale) were found to make a 
luxuriant growth in the botanical garden of the 
college. And when the rye were in blossom the 
flowers were artificially inoculated with the spores of 
ergot fungus. The flowers got readily infected, and 
in about 3 months a good produce of ergot .sclerotia 
was obtained. The sclerotia were analysed according 
to B. P. Addendum, 1943, and found to contain a 
total alkaloid content of 0 32% again.st the B. P. 
standard of 0 2% and the Ergometrine content of 
0*07% against the B. P. standard of o'o3%. So it 
appears that high (|uality ergot, could be produced 
in this country. 

This is the first record of ergot production under 
any tropical conditions or in the plains. The results 
establish the fact that ergot if coniniercially produced 
in this country, can not only meet the total demand 
of India but also can be exported outside, because 
of its chcfip labour. 


ON UREA STIBAMINE 


S. DATTA, 'f. N. tJHOSH ami A. N. BDSK, 

HKNOAI. IMMU.MTY KKSRARCH I.ABOKATORV, CALCITTA 


Tntroductidn 

IJRKA vSTIBAMINT{, introduced in India by 
Brahmachari^ in 1922 as a specific drug for the 
treatment of Kala-azar, is formed by the interaction 
of urea with />-amino])hcnylstibiiiic acid. Regarded 
at first as a simple urea salt, it was later thought to 
be amnioniuni salt of 4-carbamidophcnyl-stibinic acid, 
NIl2-C()-NH.Cr.H,-vSb.0,H (NHJ, a substance which 
has been synthesised by Niyogi.^ Subse<|uently,' the 
detailed researches of Gray, Trevan, Bainbridge and 
Atwood'* indicate that Urea Stibaminc is a complex 

* lindunachari. U. N., Imi /. Med. Res., W. 508, 1922; 
13. Ill, 1925. 

■Niyogi, S., J. hid. Chan. :>()<.. 5. 7s3, 1928. 

* Gray, el al, Proc. Rov. .Soc., lOSH, 54, 1931; /. Chem. 
Soc.. 128. 3181. 1926. 


mixture containing not only the monocarbaniitlc 
but also 5 -dipheiiylcarbaniido- 4 : 4'-distibinic aci<l, 
(HgOaSb-CoHj-NH-loCO, which they have synthe- 
sised by the phosgenation of />-aminophenylstil)iiiic 
acid. They consider that /?-aniinophenylstibinic acid 
normally employed in the i)reparation of Urea Stii)a- 
mine apparently contains varying iiuantities of its 
acetyl derivative. W’hen heated with urea, such 
impure specimens of stibanilic acid partly react with 
the urea forming the above distibinic acid and partly 
undergo hydrolytic fission with the j)roduclioii of 
antimonic acid. In the pure state the above disti- 
binic acid does not form salts with any appreciable 
solubility in water. When antimonic and i)-acetamido- 
phcnylstibinic acids, however, are present, as in Ihva 
Stibamine, its solubilitj^ is increased owing to the 
action of these substances as protective colloids. The 
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reaction between urea and />-ami nophony Istibinic acid 
proceeds mainly according lo the following course : 

(1) NH2-CO.NH. + 

(H,03Sb-C\H,.NII.)..C() f 2NII3 

(2) NH2-CO-NI I, + NII,-Cr.H 

NII,-C 0 .NH-Cr.Il 4 -v'^l) 03 n 2 + NHa 

(3) H ,0 I NHo-eji^-vSbOaH,— > 

L\H,NH, + HavSl)04 

According to Gray ct al., the therapeutic acti- 
vity of Urea vStibaininc is largely due lo .S"-<liphenyl- 
carbamido-4 : 4'-distibinic acid. In this connection it 
may be remarked that these authors have not been 
able to separate the different chemical constituents 
present in this drug in imre forms but have indicated 
the above course of reaction between urea and 
/)-aminophcny Istibinic acid on the basis of a good 
number of experiments and analyses. 

Although Urea Stibaniine has two drawbacks, 
namely, its variable constitution and its instability, 
it is a very iioleiit drug for the treatnieiit of Kala- 
a/.ar. However, this drug at times does show 
toxic reactions and it is sometimes observed that one 
lot is more toxic than another, although the anti- 
mony content of tlie former may be less than that 
of the latter, b'vidently, therefore, the toxicity f»f 
this drug does not always depend on its total anti- 
mony content. In view of the great importance of 
this drug in the chemotheraiiy of Kala-a/ar, it has 
been thought of considerable imimrtance to make a 
further detailed examination of various samples of 
this drug with a view to ascertain the factors that 
control its toxicity and therapeutic potency, so that 
a standard as to the limit of antimony content, toxicity 
and therai)entic ])oteiicy can l)e bniiid out. 

KxPKRIMKNTAI. OnSERVATlONS AND CONCLUSIONS 

Several samples of the drug, prepared in this 
laboratory, have been analysed and pharmacologically 
examined. vSome chemical characteristics observed 
and the toxicity of a few ty])ical samples are recorded 
IkIoav, which would throw .some light on the consti- 
tution of the drug in its relation to toxicity. 

(i) Absence of aromatic amine in I'rca Stiba- 
mine : Contrary to the observation of Das Gupta, ^ 
I’rea vStibaniine is not found to give a diazo-reaclion . 
To an ice-cooled aqueous solution of the drug, excess 
of ice-cold J hydrochloric acid is added and the pre- 
eipitale formed is filtered. The filtrate, containing 
excess of hydrochloric acid, does not give diazo- 
reaction. Moreover, if the above precipitate is not 
ftltered, the cold mixture containing excess of hydro- 
chloric acid does not also give diazo-reaction. This 
shows that Urea Stibaniine does not contain any 
aromatic amine like /?-aminopheny Istibinic acid. 

"Das Gupta. J. M., /. Ind. Chcin. .^oc., W, 174, 1933. 


When an aqueous solution of Urea Stibaininc is 
allowed to stand at ordinary temperature, the solution 
remains clear, and, even after 3-4 hours, the solution, 
on acidification with J hydrochloric acid at o^, does 
not give any diazo-reaction. If, however, an aqueous 
solution of the drug is allowed to stand for 24 hours 
or so, the solution under the above conditions res- 
])onds to diazo-reaction. It is, therefore, evident that 
the drug on prolonged exposure to moisture may 
give rise to an aromatic amine like />-ainiiioi)heiiyl- 
stibinic acid or aniline, both of wliich are, as such, 
toxic substances. 

(2) Influence of free, uncombincd I'rca in Urea 
Stibaniine on the toxicity of the dru^. I^rcscnce of 
ammonium radical in the drug. 

It is found that Urea Stibaniine contains .some 
amount of free, iincotnbiiied urea, which is com- 
pletely removed by triturating and vvasliing the well- 
l>owdered drug with hot absolute alcohol several times. 
It has been found that the presence of free, uiicom- 
biiicd urea, however small in (piaiitity, lowers the 
toxicity of the drug. After complete removal of free 
urea, the toxicity of the drug is increased, even 
though the intravenous toxicity df)sage (in terms of 
total antimony content) is kept the .same. 

After complete removal of free urea bs- trituration 
and washing with liol alcohol several times, the solid 
is found to be readily .soluble in water, lint, if this 
solid, thus treated, is thoroughly triturated with 
excess of cold, normal hydrochloric acid, filtered and 
washed with C(*ld, absolute alcohol to remove the last 
trac^ of hydrochloric acid, it is found to be insoluble 
in water. The analytical data indicate that the com- 
])ound h.as lost further nitrogen, and the examination 
f)f the acid filtrate .shows that this loss in nitrogen 
is due to the elimination of ammonia. Thus it is in- 
dicated that the drug contains some ammonium salt 
and when the ammonium radical is rc]daccd by liydro- 
geii by treatment with hydrochloric acid, the result- 
ing solid becomes insoluble in water. So, the solu- 
bility of the drug in water is mainly attributed to the 
l)resence of this ammonium salt, though i)resenl in 
small quantity. 

The above results are represented in the following 
table (No. i) ; 

(3) .'lntbno«y content in retaiion to Toxicity: 
Gray et al. (lor. cit.) visualised the formation of anti- 
iiionious acid, besides autimonic acid, during the con- 
densation of /?-aminopheiiylstibinic acid with urea, 
but they did not estimate the content of antimonious 
acid or antimonic acid present in the various samples 
of the drug analysed by them. In order to see if the 
presence of these acids has any influence on the toxi- 
city of the drug, the antimony contents (in various 
stages, such as, inorganic state or in organic com- 
bination, trivalent or pentavalent), of some samples 
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of the driiR i>rcj)ared in tliis laboratory have been 
estimated. It has been found that Urea Stibamine 
does contain some antimony in the Irivalent stage 
(possibly present as antinionious acid) and some in 
l)enlavulent stage (possibly present as antimonic acid), 


Total antimony content of the samples has 
been estimated according to the method of Gray, a 
blank experiment having been done in each case. 
Total pentavalent antimony has been estimated fol- 
lowing Gray’s method, without, however, using am 


TABLE I 


Trka Stiramlnk {Sa.\ii*i.k A) 

(dried Jit ordinary lemperatiire over fuseil ealciuin cldoride 
in vacuo till weight i.s constant) 


Tre.'itmcnt 

Nitrogen 

(Dunias) 

♦ 

Total antinioiiv 
((iray) 

y>H 

(2% aqueous 
solution) 

Solubility in 
WJiter ; aspect 
of the solution 

Freshly prepared and dried .. 

17-42% 

41-5 % 

60 

tiood ; clear 

Trituration and ^v^l^llillg willi 
hot, absolute alcohol twice 

5-14% 

45 14% 

7-04 

Good ; clear 

Further trituration and wash- 
ing with hot absolute ;d- 
cohol twice 

13% 

1 45-14% 

7-04 

GtH)d ; clear 

Trituration with cold nonnal 
Hcl 

.3 87% 

45 4 % 

— 

Insoluble* in 
water 


lntraveii()us toxieity test on 
mice 


Dose I 

Mortality 

22SmK/kK. 

1/10 

225 niK/kK- 

4/10 

200 lUK/kK. 

3/10 

200inK/k);. 

4/10 



, . 


and the presence of these acids appears to have some 
influence on the toxicity of the drug. The greater 
the quantities of these acids, the more is the toxicity 
of the drug generated. Thus, it appears that the 
toxicity of the drug does not solely depend on the 
total antimony content l)Ut depends a good deal on 
the amount of antinionious and antimonic acids 
present in the drug. This observation explains why 
one sample of the drug is sometimes found more toxic 
than another, although the total antimony content 
of the former may be less than that of the latter. 
The experimental conditions employed for the con* 
deiisation of />-aniinophenylstibinic acid with urea 
indicate that the (piaiitity of antinionious and anti- 
inoiiic acids formed is mainly conditioned by the 
temperature employed for the above condensation. It 
is indicated that, higher the temperature employed, 
more is the quantity of these acids formed. 

The above result, obtained with some typical 
sami)les of the drug prepared in this laboratory, is 
represented in the following Table (No. II). 


potassium iicrmanganate. Trivalent antimony con- 
tent (possibly present as antinionious acid) has been 
determineil by the usual method of oxidation with 
iodine in iireseiice of sodium iiotassium tartrate and 
excess of .sodium bicarbonate. Pentavalent antinmjiy 
content (possibly jiresent as antimonic acid) has been 
determined by adding excess of cold normal sulphuric 
acid to an ice-cooled a(jueous solution of the sample, 
and then adding urea (15 gin. for o‘5 gin. of tlie 
sample). Potassium iodide is then subsequently 
added and the liberated iodine is then estimated by 
the usual method. A blank ex])eriment has been 
carried out in each case. 

vSUMMARY 

(a) Urea Stibamine docs not contain any free 
aromatic amine but on prolonged exposure 
to moisture, may give rise to an aromatic 
amine like /?-aniinophenylstibinic acid or 
aniline, both of which are, as such, toxic 
substances. 


TABLE I! 


Urea Stibamine 





Trivalent aiiti- 

Pentavalent anti- j 

, Intravenous 

toxicity on niic 

Sample 

! Total antimony 

[Total pentavalent 

1 antimony 

1 iiiony (present 

1 as anlhncinions 

niony (present 

as antimonic 





acid) 

acid) 

1 

Dose 

Mortality 

A 

41-5% 

39-62% 

1-83% 

- 1' 

1-2% 

225 mg /kg. 

1/10 

B 

40-3% 

38-8 % 

1-7 % 

M% 

225 mg /kg. 

2/10 

C 

36 0% 

33-1 % 

2-86% 

!-6% 

225 mg/kg. 

i 4/10 

D 

39-7% 

37-2 % 

2-7 % 

1-5% 

225 mg/kg. 

4/10 
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(6). The presence of free, unconihined urea in 
Urea Stibainine appears to help in lowering 
the toxicity of the drug. The drug ap- 
pears to contain sonic aninioniuni salt and 
the replacement of the aninioniuni radical 
by hydrogen renders the coiniiouiid in- 
soluble in water. 

(c) Besides sonic organo-aiilinioiiial conslitueiits, 
Urea Stibainine contains some antimony in 


the trivaleiit state (possibly present as anti- 
monious acid) and some in peiitavaknl 
stage (possibly jjresent as antiinoiiic acid). 
'I'lie toxicity of the drug docs not sulel\’ 
depend on its total antimony content but 
appears to be influenced also by the 
])resence of antinionious and antinionic 
acids. 


BOOK REVIEWS 


Planning for Plenty. — By Sikander Chaitdhury. 
Uonginairs New lira Series No, i, Uonginaiis, 
Green ft Co., Ltd. Pp. 75. Price Rs. 1/8/-. 

Tliere have been so many tracts on planning of 
late that it has become increasingly difficult to sec 
the wood for the trees. That tliere should be such a 
plethora of planning is natural. The planned economy 
of the Soviet Union which has made her one of the 
strongest powers of the world in the space of barely 
JO years has put hope in the hearts of the relatively 
undeveloped nations of the earth. The success of 
.Soviet planned economy has offered a sharp contrast 
to the chaos, which laissez-faire economy in the rest 
of the world has brought about. It is therefore been 
increasingly realised that if Iinlia is to have a forced 
and ordered inarch in her development she has to 
liave a plan. Many individuals, committees and 
organ Lsati on s have therefore got busy about it. We 
have the “Bombay Plan”, the “Pcojde’s Plan”, the 
“Gandhian Plan” and sundry minor ones. The book 
under review has attempted to place these different 
l»lans in jierspectivc and lias sought to clarify the 
fundamental issue which has usually been obscured 
in a forest of details. 

The author points out that arithmatic calculations 
I'egarding the targets for our production of food, 
clothing etc., as are given in the Bombay Plan arc 
easy enough. The question which is fundamental to 
idl planning is on what economic system is that pro- 
duction to be organised. The authors of the Bombay 
have accepted the existing capitalist order as 
die basis for their plan. The writer of the book 
l»>ints out that this is “prescribing functional cures 
for what is an essentially . organic disorder. The 
decennial swings of the trade cycle (under capitalism) 
superimposed on an underlying curve of steady 

6 


decline. I'lieir violence may be coiitnilled by careful 
planning of internal adjustments. But the basic 
decline would slill i>ersist. And it will defy iiiider- 
staiiding unless the economy is viewed as a wlK)le 
and its over-all movement is recognised to be the 
central problem for enquiry.” The author then pro- 
ceeds to give a wealth of arguments on Marxist lines 
to show how the capitalist structure of production can 
never bring about the results which the Plan claims. 
It shows that the benefits that modern indu.strial 
technique can give to all men are frustrated by tlie 
operations of a capitalist economy and whatever 
devices have been made to reduce the rigours of the 
periodic crises have at best lieen weak palliatives 
without affecting the essential inability of the capi- 
talist system to solve the problems posed to it by the 
onward march of science and tcchiiiijuc. h'urtlier, 
since India is a late-comer into the company of 
industrial nations, her problems are considered still 
more difficult of solution in a capitalist frame-work. 
In this connection, it is interesting to recall the 
recent meeting of Mr Johnston of America witli 
Stalin, in which the latter predicted unoniployment 
ill the U. vS. A. sometime after the war. Mr Johnston 
did not agree. But already a Government .spokes- 
man in America has slated tliat they expect the 
number of unemployed to go up to 7 million in 
course of a year. 

The author also criticises Part II of tlie Bombay 
Plan, in which a “judicious combination” of the 
princi])les of capitalism and socialism is advocated. 
He .says that the type of control now being exercised 
by capitalist vStates is not tending towards socialism 
but is indeed helping the transition from free com- 
l>etition to monoiioly and is ensuring profits to the 
owners of the jiiieans of iiroduction. Socialism con- 
notes the nationalisaticm of the means of ^>roductjc)n 
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and, unless this is done, all talk of State control as 
tending towards vSocialisni is a dangerous snare. The 
Bombay Planners suggest that the variation in 
industrial income permitted in the Soviet Union is 
a deviation from Socialism. This, it is rightly pointed 
out, is a fallacy, because, the cardinal point of 
socialism is that the means of production shall not 
be used for private profit but shall be owned by and 
utilised for the community and tliis has been accom- 
plished in the vSoviet Union. To each according to 
liis need is an end which can be attained only when 
production has reachetl very great heiglits. .This, 
however cannot be achieved unless socialism is ac- 
cepted as the basic structure of society, as under 
socialism alone can wealth be continuously increased. 

The “People’s Plan** i.s also criticised. Though 
it is more explicit on the public ownershij) of the 
means of production, it does not go suflicieiitly ahead 
and the difficulties involved in compensating the 
present owners of the means of production appear to 
be oversimplified. In order to start with the least 
handicap, minimum com])ensation would naturally be 
preferable and the writer .says that the concrete (lucs- 
tion of the amount or nature of comiiensatioii can 
only be determined by the balance of the political 
forces prevailing at the time. In this connection it 
would be interesting to watch tlie methods by which 
the new Labour riovernmeni in Britain proceeds to 
nationalise the coal resources, railways, etc. 

The author criticises the “(landhian Plan** of 
Mr N. Agarwal and shows by a searching analysis 
that in essence it is a programme for poverty. If we 
ignore the machines which have greatly increased 
man’s ])owers of production, we would be denying 
ourselves the plenty, which these machines have 
placed within the reach of humanity. The present 
mi.sery has not been brought about liy the machines 
but by the caintalist system under whicli they are 
o|)erated. This is a truism, which, unfortunately, 
in spite of frequent repetition, still fails to be realised 
by large numbers of peoi)le. The “Uandhian Plan** 
concedes the necessity of an armament industry under 
present conditions and yet dislikes the growth of basic 
and ancillary industries oti which an armament 
industry is based, ^fliis is one of the many curious 
inconsistencies of the Plan. The Plan docs not urge 
abolition of private ounershii) of all means of pro- 
duction. It is indeed a fine synthe.sis between 
capitali.sni and cottage industry which at be.st is a 
meaningless dream and at Worst a smokc-.scrcen for 
the perpetuation of privilege, backwardness and 
poverty. 

The tragic feature of our times is that even when 
the chaos and ruin brought about by capitalist 
economy during the la.st few decades stare us in the 
face and .socialism stands out as the onlv high-way 


at the cross-roads of civilisation, attempts arc inadL- 
to avoid it and get into lanes and by-paths whicli 
can only lead to treacherous bogs. Whether it is 
the fascist brand of capitalism, or orthodox demo- 
cratic capitalism or the new variety of capitalism 
under State control masquerading as partly socialistic, 
or the Uanfihian economic order, it almost always 
wants to retain the main base of capitalism, wliidi 
has been the cause of all our woe in the 20th century. 
It is not impossible that certain features of the 
Gandhian Plan with regard to Indian village coin- 
iiumities may with advantage be incorporated into a 
.socialist system, but it is high time it were realised 
that unless the modern scientific technique operating 
in a socialist economic structure is accepted as ilic 
basis for future development, onr long night will 
never dawn. 

This little book is a very ably written and closely 
argued pamphlet on the fundamental aspects of 
planning and ought to be read by all people who 
arc interested in clear thinking on this subject. 


Root Disease Fungi. — By vS. D. (Barrett, Waltliaiii, 

Mass., the Chronica Botanica Co. ; Calcutta, 

Macmillan cS: Co., Ltd. 1044. Pi>. 177. $4’.S'). 

This book bears a .sub-title, “A Trcati.se on the 
Epidemiology of Soil-borne Disease in Crop Planlfi 
and a Fir.st Expo.sition of the Princii)les of Root 
Disease Control.*’ The sub-title is more apt thati tlio 
title for the book deals with the fungi as they cause 
diseases and with the diseases they cause, rather than 
with the fungi on their own account. Iiuismuch a.s 
it does so, it is a welcome addition to the hook-shelf 
of the plant pathologist, b^r it is notorious that 
emphasis l?a.s an too often, in research and in teachiim, 
been laid upon the form of the fungus, with U>o liitle 
regard to its biology and particularly the pathoh)gy 
of the disease it causes. 

The treatise starts with a consideration of iiiiem 
biological e(|iiilibriuni and with special reference to 
antagonism as it relates to the control of root disease>. 
The fungi causing root diseases arc then cla.s.sific‘<l 
into soil-inhabiting and soil-invading fungi and the 
author, an exi)crt on the subject, has given a clear 
exposition of the difference between these two great 
groups. 

The spread, or rather growth, of fungi in the .^oih 
externally and within the host, is then considered. 
Those not fully acquainted with the research on root- 
infecting fungi will be surprised at the marked diffor- 
cnce in behaviour of different fungi. Some 
directly grow through the soil independently of in* 
fected host ti.ssue, but the general rule is that they 
start from a well-supplied food base from which they 



September, 1945 


BOOK REVIEWS 


147 


spread in various ways within the host tissue, or 
externally by individual hyidiae, by aggregations of 
liyi)hae, by mucilaginous binding of hyphae, by 
I hizcmioridis, etc. One feels at this stage a need for 
more detailed consideration of the nutrition of the 
fungi from the purely physiological i)oint c^f view, for 
il seems evident to one who has followed closely the 
development of research along these lines that nntri- 
lion and antagonism are vitally linked. The (juestion 
of dispersal of the jjarasitic fungi, by planting mate- 
rial, infected crop residues, wind, water and so on are 
discussed, in a later chapter (Ch. lo) which might 
well have had an earlier position in the book. 

The influence of various factors, such as soil 
Iciiiperature, soil moisture content, texture, reaction, 
soil organic content and plant nutrients upon para- 
hilic activity of the fungi is dealt with thoroughly. 
Chapter 8 deals with dormancy of the root-infecting 
fungi and the various devices of the fungi for over- 
coming unfavourable soil conditions. The cases 
(pioted are few, reflecting how little is oiir knowledge, 
except in a few widely studied diseases such as 
Syncliytrium cndobioiicum, I Inswodiolyhora brassicae, 
sonic smut fungi Phymaloirichum omnivorum. A vast 
amount of effort has gone into the study of Fusarium 
diseases of crop plants, one of the most inii>ortant of 
all the foot-infeclmg groujis. Many of these form 
chlaniydospores and some form sclerotia. How long 
can a chlamydospore or a scleroliitm of Fusarium 
retain its vitality in the soil? Nobody knows. It is 
a serious gap in our knowledge. 

The remainder of the book deals with the 
j)rinciples and practice of root disease control. It is 
worth while tiuoting from the author’s introductory 
])aragraph to this portion. “Any measures that are 
suggested for control of a soil-borne disease affecting 
a single crop have therefore to l)e considered in rela- 
tion to their effect not only upon that particular crojj, 
i)ut also upon the other crops in the rotation and upon 
the maintenance of stock as well. Needless to say, 
the former will adoiit those control measures which 
involve minimum expense and interference with his 
csiablished routine ; control of soil-borne diseases 
must therefore be sought rather through improvemetit 
general farming policy than through expensive 
special operations.” This is very true. The author 
Has drawn his examples mostly from American and 
Ihitish farming, but would have come to similar con- 
clusions from Astern agriculture. He would then, 
However, have been faced with infinitely more diffi- 
^mlt iiroblems, for “interference with established 
routine” can, under Eastern conditions, only be 
tolerated if vast projects arc undertaken. Consider, 
for in.stance, the case, not mentioned by the author, 
wilt of gram, a staple crop of north-western India. 
Gram is the best pulse crop that can be grown in 


these dry areas, but wilt often destroys it. It has 
now l>een found that delay in sowing by a matter of 
3 or 4 weeks, until the soil temjK‘rature has become 
unfavourable for disease development, greatly reduces 
the loss and increases the yield, i)rovided there is 
sufficient moisture in the soil after the delay to i>ro- 
mole germination and establish the crop. Unfor- 
tunately this cannot be relied on and the cultivator 
dare not risk the method unless he has irrigation 
facilities extended up till the end of September. This 
kind of facility is now being advocated enthusiastically 
in Upper India and may take a hold because wheat 
grown after September flooding gives far better yields. 
Thus the system may serve a dual purpo.se and may 
be adopted, but involves heavy expenditure on 
irrigation projects. 

One is surprised that emphasis has not been laid 
on the importance of weeds as a source of infection 
for the root diseases. It is of notable importance in 
some countries in the case of take all of wheat and 
common root of the cereals generally. 

Mixed cr()pi)ing has necessarily received brief 
mention, for little work has been done in this con- 
nection. barge areas of the Eastern Heniisjfliere are 
devoted to mixed cropping, often by broadcast 
methods, and it is not the fault of the author that 
the influence of this practice on the development of 
root diseases has received so little attention by 
workers on the spot. 

The portion dealing with the control of planta- 
tion crops is thorough and reflects the careful re.search 
that has gone into the problem, ])arlicularly in rubber 
plantations, lii contrast, the section dealing with 
soil sterilization is rather brief and one would like a 
more thorough treatment. The sweeping statement 
that the consideration of chemicals other than for- 
maldehyde for the puriH)sc of controlling r(X)t-infecting 
fungi is a “waste of time” will not receive widespread 
agreement. Certain organic mercurials and other 
compounds ar^‘ extensively used, we believe, in 
Pvurope for the control of club-root of cabbages in 
seedling beds and at the time of transjdaiitiiig. 
Again, Bordeaux mixture of high concentration has 
been found to be the only practical and profitable 
means of controlling the devastating soil-l)orne wilt 
disease of pan {Piper betlc) caused by Phytoplilhora 
parasitica in India, where the crop is intensively 
grown and is a valuable cash crop in many areas. 

This book, as an ex[)ositioii of principles, should 
appear on the bookshelf of every i)laut pathologist. 
It deserves a thorough reading and the bibliography 
will be found useful for reference purposes. 

The book is well printed on good paper, 
references ap|)ear to have been carefully checked and 
it is well indexed. The price ($4’5o) is reasrjnable. 

(r. W. P. 
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Thomas Jefferson and the Scientific Trends of His 

Time. — By Charles A. Browne. Chronica 

Botanica, Vol. cS, No. 3 (ig44), Bp. .363-423, with 

17 contemporary drawings, niai)s and fascimiles. 

Published by Waltham, Mass, the Chronica 

Botanica Co. ; Calcutta, ^Macmillan ^ Co. Ltd. 

Price $1*25. 

Thomas JefTerson (1744-1827), the third and one 
of the most versatile of the distinguished men, elected 
as President of the United vStates (1801-1S09) was a 
man of great slatesiiiaiiship and broad vision, such 
as rarely appear uj)on the stage of history. JefTer- 
son*s natural inclination was more towards science 
than politics and though the trend of events caused 
his career to fall in the latter field “he .strove as 
resolutely to create a democracy of science as he did 
to establish a democracy of government.** 

I'he recent commemoration of the bicentenary of 
Jefferson’s birth followed by this scholarly essay 
written by the doyen of the American Agricultural 
Chemists, elaborating Jefferson *s position in the 
world of Science, his “notes on vState of Virginia’*, 
his scientific services to new republic of the United 
vStates, his agricultural and educational work and 
some of the eminent contemporaries who knew 
Jefferson iiersonally and exchanged with him letters 
throws much light on the scientific movements of 
his period. When historians are following the poli- 
tical ideas of Jefferson back to their origins, it is 
fitting that the sources of some of his scientific 
oj)inions should also be traced. 

As an organizer of remarkable ability, Jefferson 
was a g(3od judge of men and had marked success in 
^electing the best ipialified i)ersons to carry out his 
l>roject,— whether the problem was outlining a rota- 
tion of croi)S, tlevising a system of weights and 
measures, preparing a curriculum of studies, planning 
a new university, or arranging, the complicated pro- 
ject of a scientific expedition. 

« 

Contemporary history reveals, that few^ persons 
in the United States eiiualled Jefferson’s knowledge 
in botany and zoology and in recognition of his 
knowledge of natural history, th»- most fitting tribute 
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is paid to Jefferson in creating a new genus named 
after him viz., Jeffersonia Barton. 

A. K. 

Battle for Health. — Bv Stephen Taylor, M.D., 

M.R.C.P. Published by Nicholson & Watson, 

I^ondon. Price 5,v. net. 

There is at the present moment an unmistakable 
need for educating the public about the social asiiccts 
of health and diseases. Time is ripe to dispel the 
common misconception that diseases are the concern 
of only medical practitioners, researchers, and hos- 
pitals and clinics. War against diseases has now 
increasingly become an important social responsibility 
to be shared by every individual in an all-out effort 
to attain victory. This war, as the author jiuts it, 
is fought in Parliament and on the Borough Council, 
in the factory and the mine, in fields wdicre food is 
grown and shops where it is sold, in the school 
and in home. It is a total war against invisible 
enemies rei)resented by micro-organisms which have 
killed, and are still killing, a far larger number of 
men and women than have actually died in all the 
wars waged between man and man. Unlike all other 
wars, this W'ar has united mankind in its successful 
prosecution. 

Dr vSte])hen Taylor describes the fascinating story 
of this w^ar against disea.scs on such fronts as the 
typhoid, small-pox, rabies, tuberculosis, diptheria, 
rheumatic heart disease, venereal disease, and the 
diseases of the children, particularly as it is fought 
in Great Britain. 13 Isotype charts, numerous pic- 
torial illustrations and statistical tables, and above 
all, the lucid amj convincing style of the author will 
have its immediate effect on the reader. The new 
democracy is yti to score a victory over the axis 
combination of poverty, disease and malnutrition iii 
the post-war period, for which the first important .step 
is a relentless campaign, through education, against 
widespread ignorance about these problems. Dr 
Taylor’s lx)ok, we trust, will be an important weaiion 
in this campaign. 


S. N. S. 
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LETTERS TO THE EDITOR 


[The editors are not responsible for the views expressed in the letters.] 


TEMPERATURE, pH, AND SPECIFIC GRAVITY OF 
THE WATER OF A BENGAL POND 

Growth of fish dcpeiuls much on temperature, 
/j”,and specific gravity of the water in which the fish 
live. As there is no record of sucli data of a Bengal 
pond throughout the different seasons of a year, we 
are giving here such a record in a tabular form from 
which it will be of use to those in the line who 
wish to compare their data witli Bengal pond. The 
i;xperiment was made in the iioiul of the Ihiiver- 
sity College of Science at 35, Bally gunge Circular 
Road, Calcutta and the following data were collected. 


nature <»f the salts of carboxylic acid and their elTec- 
tiveness in eluting the enzyme from the adsorbate. 
Leaf jihosphalases are found to be readily adsorbed 
on Alumina C7 at p^‘ 3.6. But tlie elution of the 
enzyme is not possible by using the coiiimon elutrients 
^which are known to liberate enzymes from the alumina 
gel. vSehmidt and Thannhauser* have recently shown 
that phosphatases once adsorlied on Alumina C7 
cannot be recovered in soluble form, 'fhey have, 
therefore used the adsorbent for removing contami- 
nating substances leaving the enzyme in solution, the 
adsorbent being added in very small concentrations. 



Temperature of the water of 
the poinl 

p H of the water of llu ixuul 

Specitie ^.jiavily of the ualer 
of the poiul 


Minimum 

1 Maximum 

i 

Minimum 

Maximum 

Minimum 

.Maximum 

January 


78°F 

7-S 

7-6 

1002 

1-003 

i''ebruary 

76“E 

i 78^F 

7-6 

7'6 

1-003 

1-006 

.Mart’ll 

H2°F 

asop 

7-6 

7 7 

1 003 

1-007 

April 

9I^F 

' 108^1* 

7’« 

77 

1-004 

1-007 

May 


! 100®!*' 

7 4 

7-6 

1004 

1-007 

Jumt 

89^1’ 

‘)fi"F‘ 

7‘4 

7-5; 

1-OO.S 

1-009 

July 

88 OF 

94^F 

7-3 

7-5 

1 -0(Hi 

1 om 

.\ugusl' 

87°1'' 


7-3 

7-5 

1-007 

1-01 

September ... 

94“1* 

9801’' 

7-4 

7 6 

1-OOG 

1-01 

October 

84“E 


7-5 

7-7 

1-003 

1 -006 

November ... 

82°F 


: 76 

7-7 

1 002 

l-fMKS 

December 



7-6 

7 6 

1-003 

1-006 


Zoology Department, 

Calcutta University, H. K. M<k)kkrjkk 

Calcutta, 4-6-1945. 


THE ELUTRIATING EFFECT OF SALTS OF 
CARBOXYUC ACIDS ON THE PHOSPHATASE- 
ALUMINA GEL 

AJ;rHou(;n several adsorbents have been sugges- 
ted for the purification of enzymes, very few elutrients 
liave been used for liberating enzymes from their 
adsorbents. Elution is generally effected by an alter- 
ation of or by the displacement of the enzyme 
bom the adsorbent, as in the case of phosphate as 
clutrient for alumina adsorbates. 

In the course of our investigations on the 
IHirification of leaf phosphatases, we noticed an 
interesting phenomenon which indicated the possibi- 
iily of establishing certain relationship between the 


We have, however, succeeded in liberating the enzyme 
from Alumina C7 by using salts of carboxylic acids 
as elutrients. The results of these ex])eriments are 
l>resented in the following table. ^I'he concentration 
of the substances used was 10 per cent and ihe p" 
was nearly neutral in all cases. 

El.miON OF I.K.AF PHOSFIIATASK (h'RK.N'CH HKANS) 
FROM AtATMINA C7 


Elutrient 

Activity of the 
.Mumiiia C 7 - i 
phosphat.'isv 
ad.sorbate 

Activity of the 
phosphatase 
eluted 

Klutioii 
per eeiit 

.Ammonium acetate 

28-1 

8-6 

30-6 

Sodium acetate 

28-1 

13-(> 

48-4 

Calcium acetate 

28-1 

21-0 

74-5 

Sodium oxalate 

28- 1 

210 

1 74-5 

Sodium citrate 

28-1 

23-5 

840 

Sodium tartrate 

28-1 

27-2 

970 
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From the results reported in the table the 
following order of their increasing eflfectivcness in the 
extraction of the phosphatase from the adsorbate is 
obtained : acetate<oxalate<citrate <lartrale. 

The behaviour of these salts of carboxylic acids 
can be explained by the theory advanced (Giistavson®) 
to explain the removal of chroniiuin from chrome 
tanned leather by treatment with s<jdium potassium 
tartrate solution. According to this theory some 
groups of the collagen molecule displace the coordi- 
nately bound groups in the complex chromium micelle 
resulting in the formation of a chromium compound 
ill which some groups of the protein molecule are 
inside the nucleus, while others are outside. Groups 
of higher penetrating capacity may displace these co- 
ordinately bound groups. In similar manner the 
enzyme is adsorbed by the alumina gel liecause some 
of the groups of the molecule penetrate into the com- 
plex aluminum ionic micelle and displace other 
coordinately bound groui)S from it. The elution 
of the phosphatase from the adsorbate appears 
to dei)end upon the greater ] penetrating capa- 
city of the anions of the salts of the car- 
boxylic acids into the nucleus than the enzyme 
resulting in disidacing the enzyme from the alumina 
gel. The penetrating capacity of the salts depend not 
only on the nature of the anions of the salts used but 
also on the cations, as the calcium .salts are found to 
be more effective than the sodium .salts in eluting the 
enzyme from the alumina gel. 

h'urther systematic investigation is in progress 
to elaborate the above hypothesis and to establish the 
relationship existing between the nature of various 
salts of carboxylic acids and their effectiveness in 
liberating the enzyme from alumina gel. 

R. Das 
K. V. Giri 

Department of Biochemistry, 

Indian Institute of >Scicnce, 

Bangalore, 27-6- 1Q45. 

’ Sdnnidt and Tliannhaiiser, ]. Biol. CUem., 149, 369, 1943. 

* Oustavson, K. H., J. Atncr. Leather Chem. Assou., 18, 
568, 1923; 19, 444, 1926 ; 21. 22, 1926 ; 26. 635, 1931; /. 
Amer. Chem. Soc., 48. 2963, 1926. 


A STABLE ORGANO-ANTIMONIAL DRUG FOR THE 
TREATMENT OF KALA-AZAR 

Tin*: ideal drug for the treatment of Kala-azar 
should be capable of oral or intramuscular adminis- 
tration, should bo therapeutically very ijotent and 
absolutely devoid of any untoward reaction. Chemi- 
cally, it should have a fixed constitution and should 
be stable. No drug so far known meets all these 
requirements but the development of active synthetic 


compounds clearly points to the possibility of still 
better ones being discovered. 

In the search for an ideal drug for the treatment 
of Kala-azar, a stable salt has been prepared by the 
interaction of /^-aminophenylstibinic acid (purified 
through the corresi)onding chloride, prepared by 
treatment with cold hydrochloric acid) with pure 
tri-iso-proi)ylamine, distilling at 195^/15 mm. It is 
a stable, greyish white solid, soluble in water to give 
a red, stable solution, and practically insoluble in 
alcohol or ether. It contains about 36% antimony. 

The highest tolerated dose of the drug, when 
injected into mice subcutaneously, is being found to 
be 400 mg/kg. It passes the intravenous toxicity 
test on mice in dosage of 300 mg/ kg with a mortality 
of 2/10. In rats the usual skin irritation test is also 
passed without any reaction. Thus, the drug is devoid 
of any undue toxicity and is not irritant. 

In view of the low toxicity of this drug and the 
promising result of the te.sls on animals, its clinical 
trial by intramuscular route is under investigation. 
In this connection it should be mentioned that the 
purity of tri-/.vo-proi)ilaniine is a very inportant factor 
and any trace of impurity, if present, is liable to make 
the above salt more toxic and irritant. 

Our thanks are due to Dr U.P.Basu for his 
interest in this investigation. 

T. N. Ghosh 
A. N. Bose 
S. N. Mitra 

Bengal Immunity Research Laboratory, 

Calcutta, 16-7-1945. 


ON N> AND N* SUBSTITUTED SULPHANILAMIDES 
PART I 

In an attempt to improve and expand the chemo' 
therapeutic activity of sulphaiiilamide a large number 
of its derivatives have been synthesised of which the 
sulphanilamido heterocycles have been found to be 
promising. This consideration suggested the prepara- 
tion of a number of new heterocyclic derivatives of 
l)oth and N* substituted sulphanilamides in order 
to ascertain in what respect their activity is generally 
affected by the introduction of such rings. In the 
selection of heterocyclic ring to be attached to sul- 
phanilamide, the choice fell upon pyrazolone, oxypy- 
rimidine and thiazole. 

The following compounds have been prepared : — 

1. i-(p-sulphonamidophenyl - 3-methyl-5-pyra- 
zolone, m.p. 246®. 

2. i-(p-.sulphoiiamidophenyl) - 3-methyl - 4-(P' 
sulphonamido - azobenzene) - 5-pyrazolonc. 
m.p. 298®. 
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3. i-(phenyl-i)-carboxylic acid) - (3*itiethyl-s- 
pyrazolone, m.p. 278°. 

4. i-(phcnyl-p-carboxylic add)-3-niethyl-4-(p- 
sulphonamido - azobcnzenc) - 5-pyrazolone, 
m.p. 291®. 

5. i-(phenyl-p-sulphonic acid)-3-inethyl-5-pyra- 
zolone. m.p. 306°. 

6. i-(pheiiyl-p-.sulplionic add)-3-iiietliyl-4-(p- 
sulphonaniido - azobenzene) - 5-pyrazolone, 
m.p. above 320®. 

7. - antipyrine-N‘ - acetyl-sulphanilamidc. 
m.p. 265®. 

S. N‘-antipyrine-.sulphaiiilainide. in.]). 249^. 

9. 4-(p-sulphonaniido-azobenzene) - 3-aniino-5- 
pyrazolone. m.p. 274^. 

10. 2-(p-aoetyl-sulphanilyl) - 3-inethyl - 5-pyra- 
zolone, m.p. 195®. 

1 1 . 2-sulphanilyl-3-inethyl-5-pyrazolonc. m.p. 
169®. 

12. i-(p-acclyl-.sulplianilyl) - 3-iiietliyl-5-]»yrazo- 
lone. m.p. 167®. 

13. 2:4 d!amiiio-lliiazole hydrochloride, no m.p. 

14. 2:4 diainino-5-(sulphonaiiiido-azobcnzene- 
thiazole. m.p. 185®. 

15. 2:4 diamiiio-6-0 pyrimidine - 5-(p-sulphona- 
mino-azoben/enc) . m.p. above 300®. 

ib. Sulphanilyl guanidine, m.p. r8g®. 

Roblin' has reported compounds Nos. 8 and 16 
but they have been prepared by us by methods quite 
different from those of Roblin. 

In an attempt to synthesise sulphapyridinc by 
lieating acelyl-aminobenzenesulphonazide with pyri- 
dine'^ we obtained a solid (m.p. 284®) which separated 
out of the ])yridine solution during heating. Consti- 
tution of this substance lias been established by one 
of us.'* From the pyridine solution three more differ- 
ent compounds* have been isolated. The character 
of these compounds are now engaging our attention 
and the interesting re.sults obtained will be communi- 
cated ]\v one of us elsewhere in due course. 

Further details on the preparation of these com- 
pounds will be published elsewhere. The iiharma- 
cological studies of these compounds are in progress. 

vS. C. I 3 k 
P. K. Datta 

Chemical Laboratory, 

Department of Organic Chemistry, 

Dacca University, 

Dacca. 25 - 7 - 1945 - 

‘Roblin, Williams and others, Jour. Aiucr. CUcin. Soc., fi2, 
2003. 

^Curtins, /. /V. Chem,. 126, 112, 1926; 125, 526, 1930. 

’ Bose, S. N. and Datta, P. K., vSciknck wn Ci lture. 9, 
48, 1943. 

' These compounds have the nielliiig point 296". 185" and 
\ 101®, respectively. 


ON THE GLUCOSIDES OF SULPHANILAMIDE AND 
ITS DERIVATIVES. PART II 

It has been remarked by Brooks that met-lrcmo- 
globin in blood is i)rodiiccd by oxidation of luemo- 
globin by sulphanilamide and the remedy suggested 
for this is the intravenous injection of glucose solu- 
tion which immediately reduces met-lueiiioglobin to 
lux'iuoglobiu thereby ])ermitting blood to carry oxygen 
again. These facts have led ns to prepare glucosides. 
of sulphanilamide and its derivatives which will 
.supply gluco.se in the system when rccpiired for the 
reduction of met-h'.cnioglobin and also for nutritional' 
•purpo.ses. Moreover, introduction of the glucose resi- 
due greatly increases the solubility of the drugs. To 
increase in the solubility of such drugs it is the 
common practice to use sodium salts which are un- 
desirable on account of the high /)H value of their 
aqueous solutions. 

The following compounds are reported : - 

1. N '-acetyl sulphanilamide. m.p. 180®. 

2. N'-acetyl-N'' -glucose sulphanilamide. m.p. 

185°. 

3 . X * -( 2-py ridy 1 ) -X *-ghicose sulj )hanilamide . 

To prepare compound Xo. i sulphanilamide was 
acetylated t*) the corresponding i 14 diacetyl deriva- 
tive which was then liydrolysed under carefully con- 
trolled conditions. 

Compound Xo. > was i>repared from com]K>uiid 
Xo. I and glucose in presence of a catalyst. 

Compound No. 3 was prepared by the same 
method as cf>mp()inid 2 from siilpha-pyridine and 
glucose. 'I'he substance is extremely hygroscoinc 
becoming sticky the nif)ment it comes in contact w'itli 
tile atmosphere and its melting tioint could not he 
correctly taken. On warming or keeping its acpicous 
solution for three or four days at room temperature 
the substance ilecompo.ses, a solid separating out 
which is 2 -sill phalli lam ido pyridine. 

Preparation of X^ glucose siiliihanilamide was 
also attempted, but this resulted in the fonuation of 
a tarry mass from which no definite compiniiid has 
yet been isolated. 

Preparations of other .such glucosides are in 
jirogress. retails of their preparations will be pub- 
lished elsewhere. 

P. K. Datta 
S. C. Dk 

Chem i ca 1 L a b( )ratory , 

Department of Organic Chemi.stry, 

Dacca rniversity, 

Dacca, 25-7-1945. 
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ON N* AND N' SUBSTITUTED SULPHANILAMIDES 
PART 111 

Ai.thougii in practice there are at present a 
niinihcr of derivatives of siilidianilainide fairly efifec- 
tive against hajinolylic streptococci, imeninococci, etc. 
yet nowadays hi.i;lil>' effective remedies for tuljercn- 
losis, plague and a number of other diseases are badly 
lacking. It is for this reason that widely different 
derixjUives of sulpliaiiilamidc are bein^ synthesised 
and baclercologically studied. In the present com- 
munication arc reported the preparation of a number 
of new lieterocyclic derivatives of sul])haniiamide as 
well as a number of its azo derivatives and sulphanilyl 
heterocycles. The heterocyclic rin«: chosen is barbi- 
turic acid and its honiolo)^ues, the chief reason for 
which is to combine the hypnotic effect of barbituric 
acid whose derivatives are the most commonly used 
of the hypnotics in modern times and the bactericidal 
activity of sulphanilamide. The following compounds 
of the general fornnilae I-IV^ 

k-N-CO 

CO CH..N-N-Cr.H4-vS( VNH.. 

R-N - CO 

p-suli)honamido-phenyl-5-azo-barbituric acids. 

(D 

k-N - CO 

CO CH-vSO,-CeH,-NH... CO.CII, 
k-N - CO 

5-(p-acetyl-suli)hanilyl)-barl)ituric acid. 

(II) 

k-N - CO 

CO CH-N-N-CoIIrSO^H 
k-N - CO 

phenyl-5-azo-]jarbituric acid p-sulphonic acid. 

(HI) 

k-N - CO 

C( ) CH-NH-vS< ),-C,M ,-MI.C( )CH, 
k-N - CO 

5-(p-acetyl sulphanilainidoj-barliituric acid. 

(IV) 

in which R - H, CH..,, L\H,, CJI,, C,H,. CH,., have 
l)een prepared. 

Further details on the j>rei)aration of comiKunids 
of the above types will be published elsewhere in due 
course. 

vStudies on the pharmacological effect of these 
compounds are in progress. 

S. C. I)K 
S. P. Dhak 

Chemical Laboratory, 

Department of Organic Chemistry, 

University of Dacca, 

Dacca, 25-7-1945- 


ON N' AND N* SUBSTITUTED SULPHANILAMIDES 
PART, IV 

Although only one sulphanilamide derivative of 
reduced thiazole has been reported and shown to be 
therapeutically active, no systematic investigation 
seems to have been made on the preparation of sul- 
l)hanilamides having in position N', a reduced thia- 
zole ring as substittient. With this object the follow- 
ing hitherto unknown reduced thiazoles of the geiieicd 
formula (I) have been made. 

HN-C - N 

I i 

H,C C-NHR 

\/ 

s 

(I) 

(I) R=H. (2) (^1 R = C.H,. (4) R = C,H, 

(o- & p-) 

With the exception of compound No. i, the re- 
mainder were .successfully combined with i)-acetyl 
.sulphanilyl chloride to yield comi»ounds of the gene- 
ral formula (II) 

IIN-C - N 

1 1 

H,C C-NR-StVCJI4.NH.Ac, 

X/ 

S 

(ID 

( 5 ) R = CjH,„ (6) R = C.H..., ( 7 ) R = C,M, (o- & 1 -) 
In contact with alkali conipouiul No. r rapidly 
funned a red coloured solution from which a choco- 
late coloured' solid was obtained which refused to 
combine with acetyl .sulphanilyl chloride. The 
character of this red coloured substance is under in- 
vestigation . 

In addition, the following sulphanilamide deri- 
vatives of the already known reduced thiazoles of the 
general fonnnla (III) have also been made. 

R.CHj - CH - .Sy 

1 >C-NR'vS().,-C.H,.NH.Ac. 

CHa- W 

(III) 

(8j k = H, and R'=H, (9) R = 1 I, and k' CJi.» 
(10) R-H, and R'-CrHs, (ii) R ■ Hr, and k'-H, 
(12) R=I, and R' = H. 

Details of the preparation of the above coiniiouiids 
will be i)ublished elsewdiere. These compounds avc 
awaiting pharmacological examination. 

S. C. Dk 
M. HOwSvSAIN 

Chemical Laboratory, 

Department of (.)rganic Chemistry, 

Dacca University, 

Dacca, 25-7-1945- 
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PROGRAMME OF POST-WAR SCIENTIFIC RESEARCH IN U. S. A. 


TN one of our previous articles (Scieiililic lulucalion 
and Research in Relation to National Welfare, 
SciKNCi? ANo Cui/ruRK, March, icH.s) an account 
was given of the war-time research undertaken in 
the IT. S. A. under the newly created Office for 
Scientific Research and Development (O.S.R.D.) 
with Dr Vannevar Rush as Director. We also gave an 
account of the suggestions which were made by Dr 
Dunn for post-war support of fundamental research 
by the Federal (iovernment. Recently a report to the 
President of the U.S.A. has been submitted by Dr 
Bush and now published under the title ‘Science — 
the Kndless Frontier*, which was prepared in reply to 
President Roosevelt's letter of November 17, 1044, 
asking for recommendations on four specific points, 
which are : 

(i) What could be done, consistent with military 
security, and with the prior approval of 
the military authorities to make known to 
the world as soon as possible the contri- 
butions which have been made during the 
war effort to scientific knowledge ; 

(//) With particular reference to the war against 
disease, what could be done to organise a 
future programme of work in medicine and 
delated sciences ; 

(Hi) What could the ("*overnmeut do to aid re- 
search activities by public and private 
organization ; and 

(iv) Could an effective programme be proposed 
for discovering and developing scientific 
talent in American youth, so as to ensure 
the continuance of scientific research on a 
level comparable to that attained during 
the War. 

Summaries of these reconimciidatious are puh- 
lishod in Science (27th July, 1045) Nature (4U1 


August, 1045), ^^ud our present' account is liascd upon 
them. 

To appreciate the significance of the recommen- 
dations proposed by Dr Bush, it is iieeessary to under- 
stand how little was undertaken by ‘the Federal 
Government, till the beginning of the present war, 
to support higher education and research in the 
U. S. A. The universities and colleges were either 
founded by different vStates, such as Wisconsin, 
Michigan, Minnesota, and California, or privately end- 
owed like Harvard, Yale, Chicago, Columbia. Both 
lyjies of institutions have received in recent years 
large grants from several large philanthropic founda- 
tions such as the Rockefeller and the Carnegie. The 
F'edcral Government only maintain a number of land 
grant colleges and institutes for cdueation and re- 
search in agriculture and for mechanical training. In 
addition a number of scientific departments have been 
maintained by the Federal Government who also 
support applied researches in the W'ar and Navy 
Departments. 

In the U. S. A., research, both fundamental and 
applied, has been undertaken by industry and 
Government, by colleges and universities, and by 
research institutes. The first two named bodies have 
concerned themselves chiefly with ajiplied research, 
while the other two bodies have concerned themselves 
mostly with fundamental researches. But there were 
no organisations similar to D. S. I. R., Medical 
Research Councils which were established in the 
United Kingdom after the first World War to co- 
ordinate and support research in various basic and 
applied sciences. 

It was only during the recently terminated war 
that the O.S.R.D. was set up to subsidise applied 
research by means of contracts with academic and 
(loverninent institutions and industrial organisations. 
According to the figures collected by Dr Bowman, 
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expenditures for scientific research by industry and 
Oovernincnt increased from $140 million in 1930 
to $309 million in 1940. Those for colleges and 
universities from $20 million to $31 million while 
those for research institutes declined from $5' 2 to 
$4'5 million during the same period. Since basic 
research is scientific capital, without which no 
applied research is possible, it is suggested by Dr 
Bush that to enable colleges, universities and research 
institutes to meet the rapidly increasing demands of 
industry and (Government for new scientific know- 
ledge, their basic research should be strengthened by 
use of public funds. 

The main recommendation for implementing the 
general finding and conclusion of the report that the 
Federal ('lovernment should accept new responsibili- 
ties for promoting scientific research and the develop- 
ment of scientific talent in youth, is the creation of a 
National Research Foundation. The Foundation pro- 
posed would be responsible to the President and to 
Congress, while assuring complete independence and 
freedom for the nature, scope and methodology of re- 
search in the institutions receiving public funds and 
retaining discretion in the allocation of funds among 
such institutions. Stich resi^onsibility, Dr Bush urges, 
is the only means of maintaining the proper relation 
between science and other aspects of a democratic 
system, and he considers that a Government pro- 
gramme of support for scientific research and educa- 
tion must be based on four further principles : 
stability of funds over a period of years to enable 
long-range programmes to be undertaken ; the agency 
administering such funds should consist of citizens 
selected only on the basis of their interest in, and 
capacity to promote, the work of the agency ; the 
agency should work through contracts or grants to 
organisations outside the Federal (Government and 
should not operate laboratories of its own ; and 
support of fundamental research in colleges, univer- 
sities and research institutes must leave the internal 
control of policj’^, jicrsonnel, and the method and 
scope of the research to the institutions themselves. 

Accordingly, the Foundation proposed would 
consist of nine members appointed for, say, four 
years, and selected by the President in virtue of their 
interest in and understanding of scientific research 
and education. They would appoint a chief executive 
olf’cer as director, and establish initially five divisions, 
covering medical research, natural sciences, national 
defence, scientific personnel and education, and publi- 
cations and scientific collaboration. The function 
of the Division of National Defence would be to 
support long-range scientific research on military 
matters, leaving to the Services research on the im- 
provement of existing weapons. The Division of 
Scientific Pn*sonncl and Education would be resix)n- 
sible for the support and supervision of the grant of 


scholarships and fellowships in science, while that 
for Publications and Scientific Collaboration would be 
responsible for encouraging the publication of 
scientific knowledge and promoting international ex- 
change of scientific information. In this field the 
powers of the Foundation would include the provi- 
sion of financial aid for international meetings, asso- 
ciations of scientific societies, and scientific research 
programmes organised on an international basis. 
Emphasizing that the success of the Foundation in 
promoting scientific research will largely depend on 
the co-operation of organisations outside the Govern- 
ment, Dr Bush suggests that while in its grants to, 
or contracts with such organisations the public 
interests must be adequately i)rotected, the organisa- 
tion should be left with adequate freedom and incen- 
tive to conduct research. Normally, the public in- 
terest would be adequately protected if the Govern- 
ment received a royalty-free licence for government 
purposes under any patents resulting from work 
financed by the Foundation. There should be no 
obligation on the research institution to patent dis- 
coveries made as a result of support from the Founda- 
tion, and no absolute reemirement to assign all rights 
in such discoveries to the (Government. Legislation 
should leave to the members of the Foundation dis- 
cretion as to its patent policy, so that patent arrange- 
ments could be adjusted as circumstances and llu- 
public interest rcciuirc. Rough estimates given in 
the report provide for an expenditure of 
in the first year, rising to $122,500,000 in the fifth 
year. Of this total, five million rising to twemty are 
for Medical Research, ten each for the Divisions of 
Natural Science and National Defence, rising to fifty 
and twenty million respectively, and seven million 
rising to twenty-nine million for the Division of 
Publications and Scientific Collaboration. 

These recommendations are based upon delaikd 
reports from four committees on (i) Science and 
Public Welfare, {ii) Medical Advisory Committee, 
(in) Publication of Scienli^c Information, (iv) Com- 
mittee on the Discoveries and Development of Scienti- 
fic Talent. 

( cl ) War Against Disease . — In support of his re- 
commendation, Dr Bush points out the great progress 
which has already been achieved in the war against 
disease, resulting in a reduction of death rate for all 
diseases in the army from 14’ r per thousand in the 
last war to 0*6 per thousand in the present war. In 
the last 40 years life expectancy has increased from 
40 to 65 years. But the goal is still far off ; much 
illness remains for which adequate means of preven- 
tion and cure are not known. 

The responsibility for basic research in medicine 
and the underlying sciences falls primarily on the 
universities and the medical schools. The traditional 
sources of support for medical research are diminish- 
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ing and the cost of medical research is rising. To 
maintain the present progress in medicine the Govern- 
ment should extend tiiiancial support to basic research 
in the medical schools and in universities. 

(b) National Security , — ^For national security 
there must be more and more adequate military re- 
search in peace time. It is essential that civilian 
scientists continue in peace time some portion of those 
contributions to national security, which they made 
so effectively during the war. This can he best done 
by a civilian controlled organisation with close liaison 
with the Army and Navy, but with funds direct from 
Congress, and with clear power to initiate research 
which will sup])lement and strengthen that carried on 
directly under the control of the Army and Navy. 

(c) Public Welfare . — For public welfare it is 
necessary to secure after the war full employment. 
To create more jobs it is necessary to make new and 
lietter and cheaper goods. Such new products and 
processes are not born full grown. They are founded 
on new principles and new^ conceptions which in turn 
result from basic scientific research. !More and better 
scientific research is essential to the achievement of 
the goal of full employment. To realise this aim it 
is necessary (/) to have plenty of men and women 
trained in science, for ui>on them depends both the 
creation of new knowledge and its application to 
])ractical purposes ; (ii) to .strengthen the centres of 
basic research, which are principally the colleges, 
universities and researcli institutes. These institu- 
tions provide the environment which is most condu- 
cive to the creation of new scientific knowledge and 
are least under pressure for immediate, tangible re- 
sults. With some notable excci)tions, most research 
in industry and in Government involves application 
of existing .scientific knowledge to practical problems. 
It is only the colleges, universities and a few research 
institutes that devote most of their research efforts to 
expanding the frontiers of knowledge. If these in- 
stitutions are to meet the rapidly increasing demands 
of industry and Government their basic research 
sliould be .strengthened by use of public funds. 

For Science to serve as a pow’erful factor in 
national welfare, applied re.scarch both in Goveru- 
nient and in industry must be vigorous. To improve 
the quality of scientific research within the Govern- 
ment, steps should be taken to modify the procedures 
for recruiting, classifying and compensating scientific 
personnel in order to reduce the present handicap of 
governmental scientific bureaus in competing with 
imlustry and the universities for top-grade .scientific 
talent. To provide co-ordination of the common 
‘Scientific activities of these governmental agencies as 
to policies and budgets, a permanent Science Advisory 
hoard .should be created to advise the executive and 
legislative branches of Government on these matters. 

The most important ways in which the Govern- 


ment can promote industrial research arc to increase 
the flow of new scientific knowdedge through support 
of basic research, and to aid in the development of 
scientific talent. In addition, the Government should 
provide suitable incentives to industry to conduct re- 
search, (i) by clariiication of iircscnt uncertainties in 
the Internal Uc venue Code in regard to the deducti- 
bility of research and development expenditures as 
current charges against net income, and (ii) by 
strengthening the i)ateiil system so as to eliminate 
uncertainties which now’ bear heavily on .small indus- 
tries so as to jnevent abuses which reflect discredit 
upon a basically sound syslein. In addition, ways 
should be found to cause the bene fils of basic research 
to reach industries which do not now utilise new 
scientific knowdedge. 

(d) Development of Scientific Talent . — The res- 
ponsibility for the creation of new scientific know- 
ledge and for the most of its application rests on that 
small body of men and women' who understand the 
fundamental laws of nature and are skilled in tech- 
niques of scientific research. The real ceiling on the 
productivity and the development of new products 
and new industries is the number of trained scientists 
available. There are talented individuals in every 
part of the population all of whom cannot afford 
the e.xpeuse of a full course of training in sciences and 
in metliods of research, and, therefore, it is necessary 
that the Government should provide a reasonable 
number of undergraduale scholarships and graduate 
fellowships in order to develop scientific talents in 
American youths. The plan should bcf designed to 
ail.act into science only tliat proportion of youthful 
talent approi)riate to llie needs of science in relation 
to the other needs of the nation for high abilities. 
It is suggested that about 24,000 undergraduate 
scholar.ships and 900 post-graduate fellow^ships .should 
be provided for the purpose. 

{e) Publications and Scientific Collaboration . — 
W ith regard to the vast amount of accumulated infor- 
mation relating to the application of science to 
particular i)roblems of the war, scmie of which must 
remain secret, the rest should be made public 
as .soon as there is ground for belief that the enemy 
will not be able to utilise them for war against the 
U. S. A. Meanw’hile the Government should take 
an active part in promoting the international flow of 
useful scientific information, and in addition to spon- 
soring of international scientific congresses, the 
establishment of international fellowships is advocated 
as well as the appointment of .scientific attaches 
serving in selected U. S. embassies. 

In many ways the reiiort contains detailed and 
exhaustive recommendations. But there are also a 
number of noticeable onu.ssion.s. There is no men- 
tion of the necessity of federal support of investiga- 
tions in social sciences, social biology and of biologi- 
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I'ili laclois ill ] 111 man relation, in psycliology, all of 
which aie necessary for the cstahlishinciit of belter 
swial order and belter human relations. There is no 
trace in it of Jefferson’s ideal of the “brotherly spirit 
of science which unite into one family all its votaries 
of whatever grade, and however widely dispersed 
IhrouMhout the different (piarters of the globe.** There 
is no reference to the dictum laid down by Fr.anklin 
Roosevelt that “wc are faced with the prc-cniinenl 
fact that if civilisation is to survive, we must culti- 
vate the science of human relationships — the ability 
of all pe()plcs of all kinds to live together, to work 
together in the same world at peace**. The jiroposals 
contained in Dr Rush’s rc]>ort are designed in a spirit 
of severe functionalism, to provide the ina^iniuin of 
material happiness to the people of the U. S. A., 
which aci'rucs from an unlimited supply of consumer 
goods and from an increasingly .succes.sful warfare 
against illness and disease. Fundamental research and 
ai)plied research are valued only for their utility in 
the realisation of the above aims. Further to .safe- 
guard the standards of material well being from inter- 
ference by foreign powers, civilian research in devising 


new in.strumentalities of war, like the production of 
atom bombs, is to be maintained and intensified. In 
line with this arc liroposals under consideration in the 
r. S. A. for the introduction of universal military 
service and of courses of military sciences in techni- 
cal institutions. Kven international conferences in 
science are to ho encouraged for the supidy of useful 
scientific information which can he gathered from 
them. 

President Roosevelt in his last message to the 
American people said, “The only limit to our realisa- 
tion of tomorrow will be onr doubts of today. Det 
us move forward with strong and active faith.*’ 
vSiirveying the world happenings of today, the reper- 
cussion of the dropping of atomic bombs on Japan, 
the development of power politics amongst the great 
powers, can wc mobilise the ’strong and active faith’ 
in a bright future? If Prc.sident Roosevelt had been 
living now, possibly his robust idealism and magnetic 
personality would luive guided his great country and 
also the other great powers through the turbulent 
years of post-war reconstruction to a more peaceful 
and happier world. 


ACADEMIA SINICA^ 


JOSEPH NKRDHAM 


Introduci'ion 

A S the highest research organization under the 
Chinese National Government, the Academia 
Sinica, despite the limitations on its finances, per- 
sonnel and equipment, has carried on an extensive 
l)rogramme throughout Free China. It now main- 
tains thirteen institutes : physics, chemistry, engi- 
neering, geology, astronomy, meteorology, z(K)logy, 
I)otany, i.sychology, history and idiilology, social 
sciences, physical anthropology, and medicine. Until 
July, IQ37, the first three institutes were located in 
Shanghai, while the central office and seven other 
institutes were all in Nanking. At present, the central 
office is temporarily located in Chungking ; the 
institutes of zoology and botany, meteorology, physics, 
geology and psychology at Beii>ei ; the institutes of 
history, philology, sociology and f)hysical anthropo- 
logy at Uichuang ; the institutes of chemistry, astro- 
nomy and engineering in Kunming and that of medi- 
cine in Koloshan. 

Academia Sinica was founded in 1928 in Nanking 
with the late Dr Tsai Quan-Pei as its President. He 

♦ Based on an article originally written by Dr Yeh 
Chi-Snn. 


was a vigorous advocate of academic freedom and :i 
source of inspiration not only to nicinbers of Hie 
Academy but to Chinese intellectuals in general. 
After his death in March, 1940, the Oovernmeiit 
appointed Dr t ’ni Chia-Hua actiiig-President. Pefbiv 
he entered political life, Dr Chii had been tuofessor 
of Geology at Peicliing University. During the period 
IQ39-4I, Mr Zen Ilung-Chang and Dr Fu Se-Nien 
successively served as secretary-general. The latter 
re^^igned in the autumn of 1941 and Dr Yeh Chi-v^iiii, 
professor of physics in Chinghiia University, 
appointed to the post. He was succeeded by Dr IJ 
Shu-Hua (concurrently acting-President of the 
National Peiping Academy) in 1944, who is assisted 
by a secretariat of seventeen members. There is also 
a Foreign Secretary, till recently the cytologist Hr 
IIsu Hsiang. The total number of scientists in the 
Academy is of the order of 255. 

Although mcinbcrship of Academia Sinica is a 
scientific honour, the structure of the Acadeni}' 
resembles that of the ^loscow Academy of Sciences 
rather than the Royal Society of London or the 
National Academy of Washington, in that the acadcni> 
finances and operates its own research institutes. 

The National Research Council was organized as 
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ii part of Academia Siiiica in 1935. Its function is to 
promote and to co-ordinate scientific research in the 
whole country, the word “scientific** being used in 
the wider sense, including the social and historical 
sciences. Members of the council consist of the 
President of Academia vSinica, the Directors of its 
Research Institutes, ami thirty members elected 
among professors of national universities. The term 
of office of the elected members is 5 years. The 
council ordinarily meets once a year. The present 
Minister of Kconomics and Natural Resources, Dr 
Wong Wcn-Ilao, acts as vSecretary-Oeneral with two 
aides. 

In ig4i, the council decided to publish two 
journals. Science Record and Bulletin of Academic 
Research, The former contains short coinunications 
on original scientific research by Chinese scientists, 
the language used being English, French, or German. 
The latter is published in Chinese, and contains 
general reviews of the significant advances in various 
fields of study and abstracts of scientific papers by 
Chinese scientists and of those by foreign scientists 
oil subjects related to China. On account of the 
difficulties of printing in the interior, the first number 
of Bulletm of Academic Research did not appear until 
December, 1943, and the first number of Science 
Record appeared in February, 1943. It contained 
many interesting iiapers, such as those on the plant 
growth hormone activity of sulphanilamide drugs, by 
Dr Tang Pei-vSuiig and his colleagues ; on the sym- 
biosis between the termite Aegerita dulhiei and the 
fungus Colly Ida albuminosa by Dr Chou Chia-Tze ; 
on cry.stal [diysics by Dr Yu Rjui-Huang ; on soil 
micro-organisms by Dr Gao Shang-Yiii ; and on many 
aspects of geology and higher mathematics. 

Institute oi? Astkonumn* 

The Institute was founded in 1938 but the cons- 
truction and equipment of its observatory on the 
Purple Mountain near Nanking was not completed 
until 1934. After only three years of using this 
equipment, the Institute had to move to Kunming and 
lost most of the heavier instruments. Since Kunming 
is noted for the clearness of its sky during the dry 
season, it was decided to build there a small observa- 
tory at Yangfangwa which was completed in 19.^8. 
The sjiectrohelioscope was again set up and is used 
for daily observations of sunsports. A Ross camera 
with 4-inch objective for the study of variable stars 
was also set up again. 

The total solar eclipse of September 21, i94i» was 
a rare opportunity for the Chinese astronomers. The 
path of the shadow swept across the country from the 
Northwest towards the Southeast, covering a distance 
of over 4,000 kilometers. A number of years ahead 
of the event, a plan of collaboration had been organi- 
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zed by the institute, the National Ceiitial rniwrsity, 
the University of Nanking and tlie Institute of Phy.sics 
of Academia Sinica. The exigencies of the war 
demanded the curtailment of the original programme, 
and only iwn ob.scrvation parties wxue sent out on the 
h'ukien province, and another to Kansu province. 
Clear .sky greeted the latter party though not the 
former and the members successfully idiotographed 
the corona, iletermined the times of contacts, and 
found that the light intensity of the corona was 0.30 
that of the full moon. The eclipse expedition made 
a great impression upon the poi)ulace who had 
formerly never realized that modern science could 
predict a celestial event with such precision. 

On February 2, 1941, a member of the institute 
found the comet it)4i C. Paraskcvoi>oulos. He made 
a number of observations and computed the elements 
of its orbit. 

Dr Tai Wen-Sai joined the institute in the autumn 
of 1941 and is now engaged in tlieorctical astrophysics, 
observational work being inqiossible under present 
circumstances. In iq 4-, he completed two i)apcrs, 
one on the convective equilibrium and colour tempe- 
rature of stars, and the other on the analysis of some 
peculiar stellar spectra. 

The obseiwatory at V'angfangwa possesses a good 
library. The present director (19/15) is Dr Chang Yu- 
Chih and there is one Senior Researcli Fellow, two 
Observers, one Junior Research Fellow, and three 
AssivStants. One of the staff has done valuable war- 
time work ill the popularization of astronomical 
knowledge. 

I.NSTITUTK OK MKTKOKOl.ixiY 

Since its foundation the institute has been in 
charge of both service and research work. Jkffore the 
Japanese invasion, with the Central ^letcorological 
Observatory in Nanking, the institute liad in its charge 
a number of weather and rainfall stations scattered 
throughout the countrv'. After succes^ive removals 
which took ])lace after the fall of Nanking in 1937, 
the institute settled down again at lleipei near 
Chungking, carrying with it a part of the observa- 
tional equipment of the Central Meteorological 
Observatory. The number of instruments now in use 
in the temi)orary (piarters is, of course, much le.ss 
than that formerly in use in Nanking. In fact, the 
resumption of self-registered weather records did not 
begin until January, 1942. 

Members of the institute have been faced with 
many difficulties. For instance, they realized the im- 
portance of observations of upper air w ind drift ; but 
from October, 1941 to May, 1942 only 66 ballotins 
could be sent u]), because the necessary eijuipmeiit 
were not available. 
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In the antmnn of U)4i, the National Government 
inauKurated the C'cntral Weather Bureau, and Dr Lu 
Chung, prcviousli* acling*dircctor of the institute, 
went to head it. The 17 weather stations and 100 
rainfall statir)iis, formerly under the direction of the 
institute, were transferred to the bureau. Henceforth 
the members of tlic institute devoted themselves to re- 
search in the science of meteorology itself, to statisti- 
cal analyses of weather data, and to the climatology 
of China. 

The j)ai)ers of the institute, besides appearing in 
monographs and memoirs, mainly appear in the 
Mcttorological Magazine, published by the Meteorolo- 
gical vSociety of China. To the latest issue of this 
magazine, Dr Cheng Tze-Cheng of the institute con- 
tributed an article on the climatic regions of 
Szechwan, and Mr C. C. Yang an article on the upper 
air currents over southern vS/echwan. 

The director of the institute (1945) is Dr Chu 
Ko-Chen (concurrently President of Chekiang Uni- 
versity), the acting-director is Dr Chao Chiu-Chang, 
and there are three Research Fellows with ten Assis- 
tants and 'rechnicians. An interesting recent deve- 
lopment has been the training of Buddhist,^ Uaniaist 
and Taoist priests, who often live in temples on high 
mountains, to cooperate in taking regular meteoro- 
logical observations. 

iNvSTlTUTK OF GHOIOCA' 

At the ))eginning of the war, the institute moved 
to Liangfeng, near Kweilin in Kuangsi province, 
where it had good temporary accommodation in and 
near the Kuangsi Science Institute. Members of the 
institute, to meet wartime needs, paid much atten- 
tion to the mineral resources of south-western China. 
In co-operation with other Chinese geological insti- 
tutes, the mountainous area in western Ilupeh, 
western Hunan, the eastern border of the Kweichow 
plateau, the “Kuangsi riateau“ and the Nauling 
Ranges have been explored. These arc areas in which 
metalliferous deposits abound. Hitherto they were 
comparatively little known geologically owing to their 
highly mountainous character. With the rapid deve- 
lopment of motor roads in these areas, field-work has 
been greatly facilitated. Consequently, important re- 
sults have been obtained within the past few years 
regarding ore deposits as well as geological develop- 
ment. 

Ore bodies cither in the form of lenticular layers 
or persistent veins, or else of irregular masses have 
been located with respect to principal structural 
trends and to the alignment of igneous intrusions. 
They are mainly formed in the older rocks, and parti- 
cularly in those of Sinian .ige. Tin, tungsten, gold, 
antimony, lead, zinc, mercury, together with iron and 
coal are among the principal elements being studied. 


vStratigrai>hical, tectonic and gcomorphological 
observations made in^ the mountainous areas arc con- 
tributing much toward the elucidation of important 
geological events. Of wider scientific interest is the 
investigation of the extensive distribution of an 
ancient glacial dejiosit, or tillitc, along the ea.stern 
lx>rder of the Kw'cichow plateau. This deposit can 
be compared, in point of time, with a similar forma- 
tion well known in Scandinavia, North America and 
elsewhere in the world. In these same regions, but 
to a much greater extent, “remains** of quaternary 
glaciations are also found. Boulder-clays with typi- 
cal ice-scratched boulders occur far and wide in 
as.sociation with fiuvio-glacial gravels and sometimes 
with varve clay. Along numerous ancient valleys 
descending from the high mountains on the edge of 
the Kweichow plateau, and from the high ranges of 
western Hupeh, western Hunan and northern 
Kuangsi, it is possible to trace, step by step, the dis- 
tribution of the vanished glaciers. With unequivocal 
evidence in hand, geologists and climatologists must 
now find a new interpretation of the cause of glacia- 
tion. 

Substantial data obtained in the course of tlie last 
few years regarding the structural elements of the 
country shows the importance of a mesozoic move- 
ment or movements that were responsible for the 
general “layout** of China. Tlie results of investi- 
gations now fully establish the fact that the broad 
belt of mountainous country stretching from northern 
Kuangsi, past western Hunan and eastern Kweichow, 
continues to the Yangtze Gorge area of western 
Hupeh. This formidable, complex range extends 
farther to the north-northeast forming the eastern 
border of the Shansi plateau, and still further north, 
the Great Khingan Range running l>etween Mongolia 
and Manchuria. On the eastern side of this so-called 
Neocathaysian up-lift lies an elongated, depressed 
area embracing the Manchurian plain, the North 
China plain and the Central Yangtze Basin. Palaeon- 
tological research by members of the institute has 
brought out the interesting fact that this elongated 
basin of northeasterly trend was from time to time 
invaded by marine fauna in the geological past. 

More recently, work has been done on the defor- 
mation of materials under strain and pressure (clay, 
stone, etc.) with reference to glaciation effects. 

The institute unfortunately had to evacuate 
again during the autumn campaign of 1944, and 
managed to got most of its specimens and equipment 
back, first to the neighbourhood of Kweiyang, and 
now to Beipei, near Chungking. The present directoi 
is the well known geologist Dr Li Se-Kuang (J.S. Lee) 
and there are eight Senior Research Fellows, five 
Junior Research Fellows, and three Assistants 
Relations are maintained with the All-China Institute 
of Geography, which is also at Beipei. 
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Institutk of Physics 

Up to July, 1937, the institute was located in 
Shanghai where it had the advantage of using modern 
laboratory facilities which are not available in the 
interior. In 1938, the institute moved to Kunming ; 
and then in October, 1940, it moved again to Uiang- 
feng, near Kweilin, following a government order. 
Its re-establishment at Kweilin was completed only 
towards the end of 1941. In its temporary quarters, 
it had a magnetic laboratory, a radio laboratory, an 
observatory of terrestrial magnetism, and a machine 
shop. The shop was bombed l)y enemy i)lanes in the 
summer of 1941 and suffered much damage. During 
the campaign of 1944, yet another evacuation was 
necessary, and the laboratories were moved back to 
Beipci, Chungking, not without the loss of much 
valuable apparatus. 

While at Liangfeiig, the majority of members of 
the institute were occupied with i»roblems which 
demanded immediate attention, such as those of radio 
communication, making of permanent magnets, 
making of scientific apparatus, ore-prospecting by 
magnetic and electrical methods. A few members, 
however, still found time to carry out a survey of 
terrestrial nuigneti.sin in h’ukien and Chiangsi pro- 
vinces. While in Fukien, they had the opporl unity 
of observing the magnetic disturbances during the 
total solar eclipse of Seidcmber 21, 1941. Their find- 
ings .^ub.stantiatcd the view that these magnetic dis- 
turbances were caused by the cutting off of ultra-violet 
radiation from the sun. The survey of terrestrial 
magnetism in Chiangsi province was completed in 
1943, and at the same time the work was extended to 
Hunan province. 

In the magnetic laborator>* from 1042 onwards, 
methods for measuring the susceptibility of minerals 
and rocks both in powder form and in ]>ulk form were 
devised and compared. Results obtained with 
powders of different degrees of fineness were also com- 
pared. Measurements on the variation of magnetic 
constants with temperature and tension for single 
crystals of nickel-cobalt alloys w ere made by Dr Shih 
Rju-Wei. 

At T iangfeng Di* Chu-En-Lung studied properties 
of circuits in the radio laboratory, but llie main 
feature of the institute was the terrestrial magnetism 
observatory, in which continuous self -recorded read- 
ings were obtained of all three elements by apparatus, 
largely made in the institute itself and housed in a 
non-magnetic, thermostatic building. This work was 
carried on by Dr Parker Chen (Chen Tsung-Chi), the 
companion of Sven Hedin’s travels in Central Asia. 

The director of the institute is Dr Ting Hsi-Eiiig, 
a distinguished literary figure as well as a physicist, 
who represented Academia Sinica at the Jubilee of the 
Moscow Academy of Sciences in 1945* There are five 


Senior Research Fellows, five Junior Research Fellows 
and four Assistants. 

Institute: of Mathkmatics 

Jn X941, the Council recoin mended that an 
Institute of Mathematics should be organized as soon 
as it could be properly equipped. Hut as, owing to 
the blockade and wartime transportation difficulties, 
tliis proved impossible, it was decided to form a 
group of mathematicians wlu> should for the time 
being continue their work in their existing univer- 
sity or other posts. The present director is Dr Chiang 
Ei-Fu of Nankai University and there are five Senior 
Research Fellows including Mr Chen Cliien-Kiing 
and Dr Su l?u-Chin, the geometer of Chekiang Univer- 
sity, Dr Cheng Sheng-Shen and Dr Hun Do-Keiig of 
Chinghna University, and Dr Chiang Tse-Han of 
Peiching University. Subjects of rc.searcli include 
theory of numbers, Fourier .series, antomorpliic func- 
tions, geometry, projective differential geometry, 
higher differential geometry, and toi)olog\'. Helween 
1942 and T944 forty original papers were coini)leted, 
and in most cases published abroad. 

iNSTiTuTic oi* Chemistry 

The institute is now located in Kunming where 
its laboratory was comnletcd in Tulv, ki^o, with funds 
partly provided by the British Indemnitv h'und. The 
first director was Dr Wang Chin, now of Chekiang 
University. vSince the next director of the institute, 
Di Chuang Chang-Kung, was unable to come to the 
interior, /cn Hung-Chang, secretarv-general of the 
academv for the periol 1039-40, served as director. 
In April, 1042, Dr Wu Hsueh-Chou was appointed to 
succeed him. 

The work of the institute falls under three 
headings : 

(1) Physical and Inorganic chemistry, 

(2) Organic chemistry, 

(3) Applied chemistry. 

Since 1033, Dr Ww had been photog raiding and 
measuring the ultra-violet absorT)tion spectra of gases. 
After coming to the interior, he found it impossible 
to continue this work for gases and had to shift to 
liquids and solutions. The results obtained from solu- 
tions made possible the detection of molecular struc- 
ture and photochemical behaviour of compounds in 
their solution state. The work has so far been con- 
fined to the electronic spectra of compounds contain- 
ing the carbonyl group. Mr I in Ta-Kang has been 
Dr Wu's co-worker in this work, the latest publica- 
tion of which was on methyl glyoxal. 

Mr Liu and H. P. Chung have carefuyy analyzed 
the contents of the principal rock salt ores of Yuuuau- 
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They found no trace of iodine by ordinary methods ; 
and if iodine is present, its amount must be less than 
eiRht parts per ten million. vSodium sulphate is pre- 
sent in the salt liquor to the extent of I.V22 per cent. 
By ai>plyini4 the phase rule to the system 
NaCl-Na2S()4-Il3(), it was found possible to separate 
out about three quarters of sodium sulphate by cool- 
in‘4 tlie salt liquor to the neii*hbourhood of o°C, and 
then further reduce the sodium sulphate content to 
1-2 per cent by fractional crystallization. Another 
inetliod of obtaining refined salt is to add calcium 
chloride to salt li(iuor so as to precipitate calcium 
sulphate. It had been su.egested that the joint appli- 
cation of both methods would give the best and the 
most economical results. The separation of potassium 
siiljihate and potassium chloride has also been effected. 
Vy successive cryslalli'/ation, it has been found 
possil)le to obtain potassium carbonate of purity about 
00 per cent, and then to obtain from the latter pure 
potassium chlorate and other potassium comiwninds. 
Pure cheinicals used by Chinese chemists were for- 
merly imported from abroad, and since foreign supjdy 
is now either cut off or dilhcult to obtain, home-made 
pure chemicals are now very much needed. 

Ur Clmang Chang-Kuug, former director of the 
institute, and his associates have made a further 
analysis of the Chinese drug* “han feiig chi*\ Besides 
the alkaloid tetrandrin which had been 

known already. Dr Chuang found in this drug 
aiiollier alkaloid of c<»mpo.sition C3Hff4»p6^2» which 
he named demethylletraiidrin, because one OCH., 
radical of tetrandrin was replaced by an OH radical. 

Cr Huang iMing-Loiig joined the research staff of 
the institute in the spring of ig 4 i. He with Lo 
Chien-Pen and Miss Chu Kjii-Viuig has been engaged 
in organic synthesis. They have synthesized a series of 
symmetrically substituted a/obeiizenesulphonamides, 
devised an im])roved method of preparing No-acetyl- 
sulphanilaniide, described a colour reaction of sul- 
plianilamide and its derivatives containing a free 
amino grouj), and found for sulidianilamide, albucid, 
uliroii, nco-uliron, and dageuan (either in pure state 
or in tablet form) a method of idenliiication, distinct, 
sp'ccific, and generall\' applicable, which has been 
called the micro-acetylation method. They have also 
carried out synthetic work in the santonin series, and 
vsynthesized two new desmotropo-.santonins, two new 
desmotropo-santonous acids, and the bromination pro- 
ducts of desmotropo-santoTiins and desmotropo- 
santonous acids. One of Huang Ming-Long*s pupils, 
Chiatig Ta-Chu, has been working on' tlie ancient 
Chinese anti-malarial drug “Changshan'* which has 
recently been found in botulon and Chicago to i>o.ssess 
•true parasiticidnl activity, though containing no alka- 
loid, only glucosides. Another has been working on 
the drug chi hou’*, an antipyretic and analgesic. 
There .is. a great, fieUi of iivVcstigati^rMi in -the drugs-of 


the traditional Chinese pharmacopoeia. We know 
today, for example, of antibiotics in several higher 
plants, to say nothing of alkaloidal drugs 

Studies made in applied chemistry have included 
the investigation of Chinese alunite, purification and 
thermal treatment of castor oil, the preparation of 
phosphorus and phosiihate fertilizers from the phos- 
phate ores of Yunnan, the preparation of paper pulp 
from reeds and corn stalks, and the making of silicon 
iron from Yunnan minerals. The dehydration of 
castor oil has been thoroughly carried out, more than 
20 sulphates and alums having been used as catalysts. 
With each catalyst, the iodine value of the dehydrated 
oil as well as its miscibility with mineral oils were 
determined. Experiments on low temperature distilla- 
tion of Yiinnan lignite have also been performed. The 
work in applied chemistry was directed by Dr Wang 
Hsueh-Hai and Dr Chang Ta-Yo who later on took 
f)ver respectively the direction of the important war- 
time enterprises of the Kuanghua Low Temperature 
Coal Carbonization plant at Pingyi and the Lidieii 
Low Temperature Lignite Carbonization plant at 
Feiigmingtsiiii. 

Under wartime conditions there are two Senior 
Research Fellows, two Junior Research Fellows, and 
seven Assistants. 

INSTITUTK OV ZOOI.OOY 

The work of the instiliilc includes (ii) systematic 
zoology, {b) proto-zoology, (r) fresh-water biology, 
especially of fi.shcs, (d) enlornology and para.sitologx', 
and (r) comparative physiology. 

Tn the field of fresh-water biology, extensive 
ichthyological surveys have been made in the |)ro- 
vinces of Hunan, Kuangsi, Szechuan and vSikang. 
b'ood supply aiiu feeding habits of various edible 
common fishes found in Szechiiau have been studied 
by Dr Chang Hsiao- Wei in the hojie of increasing the 
fish supply of the province. For a mrist valuable 
edible fish Monoptvrus javanensis, detailed studies on 
its lesiiiratory meehanism in both the embryonic ami 
the adult stage have been carried out by Dr Wn 
Hsien-Wen and others, yielding results of particidar 
interest. To help forward tlie anti-malaria camiiaign, 
a selected group of native mosiiuito-devouring fishes 
has been .studied under conditions of artificial culti- 
vation and distribution by Miss Tan Chuan-Chieh and 
others. Studies have also been made on Entomoslraca, 
Protozoa, and fresh-water Algae. 

In the field of entomology and parasitology, 
systematic studies have been carried out by Mr Chen 
Shih-Hsien for a beetle family, the Chrysoinelidae. 
Observations have been made on the life history 
insects injurious lo horticulture. Means of natural 
control of parasitic round worms found in doniesticai- 
ed and wild animals have been investigated. Work 
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is proceeding on insect cytogenetics. In comparative 
physiology interesting investigation have been made 
on the gills of the paradise fish Macropodus opercu- 
laris by Mr Liu Chien-Kang. 

Most of the research papers of the institute 
appear in its own periodical Sinensia which started 
publication in TQ29. The i6th volume of this periodi- 
cal was published in 194/). The institute which is 
located at Bcipei has for many years been under the 
direction of Dr Wang Chia-Chi, the protozoologist, 
who has with him four Senior Research Fellows, one 
Junior Research Fellow and six Assistants. Close 
relations are maintained with the All-China Institute 
of Sericulture, directed by Dr Tsai Bao, at Tsunyi in 
Kweichow. 

Institute oe Botany 

This institute, also at Beipci, was formed in 
1944 by fission from the previously combined Institute 
of Zoology and Botany. Dr Lo Tsung-Lo of Chekiang 
University, well-known for his studies on plant growth 
hormones, became the new director. He has published 
many papers on biologically active substances such as 
indole-acetic acid, colchicine, auxins, trace-elements, 
etc. 

Much work in plant science had been accom- 
plished before the new institute was formed. 

In the field of mycology and plant pathology, a 
monograph on Chinese fungi, including about 2,000 
s|)ecies, was completed in 10,^8. Successful .studies on 
the life histc^ry and methods of control of various 
fungus diseases affecting the tung oil tree (Aleurites 
lordu) were made. Experiments were performed on 
the preservation of sweet potatoes, oranges and other 
horticultural products. 

Systematic studies were also made on the urn- 
l)ellate and grass families by Dr Shan Rjeii-Hua and 
his colleagues. An extensive forest survey was 
carried out in vSikang i>rovincc for three successive 
years. Particular attention was paid to the preser- 
vation of natural forests. Utilization, growth rate, 
and fungus diseases of economic trees were carefully 
noted. In collaboration with the Kansu Provincial 
Ciovernment, a similar survey is now in progress in 
that province. 

IN.STITUTK Off PvSYCHOLOC.Y 

The institute first evacuated to Liangfeiig, near 
Kweilin. Its first director had been Dr Tang Yueh ; 
its present director is Dr Wang Ching-Hsi. Just as 
the Physics Institute is mainly occupied with geo- 
physics, especially terrestrial magnetism, so the 
I’iicychology Institute' in wartime would be better 
described as the Institute for Developmental Neuro- 
'^gy. There are two Research Fellows. 


Its principal work has always been in the field 
of physiological psychology, the .subject taken up 
being the physiological anah sis of the developmental 
behaviour of the tadpole. The method adopted went 
further than the parallel observation of the various 
stages in the development of behaviour with those in 
the growth cif the nervous system. Hither a part of 
the central nervous system of the frog embryo or of 
the tadpole was destroyed by surgical operation or 
one of the sensory organs was cut off, and the result- 
ant changes in the development of behavior were 
observed. In 1910, observations were made of the 
normal development of the swimming and righting 
reflexes of the frog (Rana gucnlhcri) and the effect 
produced upon this development by transaction of 
the various parts of the central nervous system before 
hatching. In 1S41, the effect of strychnine and other 
drugs on the developing nervous system of the frog 
was studied. In the same year Mr H. T. Chu, 
assistant in physiology in the Army Medical College, 
worked in the institute and observed the ciliary move- 
ment and the circulation of the cerebro-spinal fluid 
in the brain ventricles of Amirans. In 1912, Dr Wang 
Ching-Hsi made experiments on the effect of the 
development of the higher nervous centers in embryo 
on the spinal cord. Preliminary results seemed to 
demonstrate that the first effect was that of inhibition. 
I'xperiments on tadpole behaviour after the recon- 
struction of the nervous system by the method of 
grafting with the embryonic nervous system were 
started in May, r8-!i2, the first step being to develop 
a grafting and feeding technitpie. 

Since 1941, Dr Wang Ching-Hsi has been 
attempting to propound a theoretical system to em- 
brace all the reflex actions of the sjunal cord as studied 
by Sherrington and his associates. 

In the field of comparative neuro-anatomy, re- 
search has been carried out on (i) the septum of the 
forebrnin, (2) structure of mesencephalon and rhom- 
bencephalon of the hedgehog Erinaccus, (3) a kind 
of recurrent fiber in the cerebellar cortex of the 
monkey, (d) nucleus of the trapezoid body in the 
mammalian brain, and (5) the central nervous system 
of Man. The first mentioned work was by Mr Lu 
Tze-IIui and the last three were by H. T. Chang. 

In the autumn of 1944, after Dr Wang had left 
for a short visit to the U. vS. A. and while Dr Tang 
was occupied with experiments on the beautiful trans- 
parent tadpoles of Microhyla ornata, obtainable in 
quantity at Liangfcng, the approach of the Japanese 
rendered a further evacuation necessary. The staff 
got away safely and have settled at Bcipei near 
Chungking, but the move entailed the loss of the 
greater part of the exceptionally fine library which at 
Liangfeng had been hou.sed in a specially-built brick 
building. * 
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INSTITUTK OF >SoCIAl. SCIENCES 

The work of the institute which is located at 
Lichuan^j in S/cchuan has concentrated along five 
lines: (i) the ccoriotnic history of China, (2) the pro- 
blems of wartime economy in China, (3) finance, 
currency and trade, (4) the history of army organiza- 
tion, and (5) public adminislratioii. The director is 
Dr Tao Meiig-ilo, and there are five Senior Research 
Fellows, five Junior Fellows, and eleven Assistants. 

In the field of economic history of China, treatises 
on the history of land taxation in the ^ling Dynasty, 
on the finances of the Clung Dynasty, and on the 
develoi)ment of modern cotton industries are ready for 
publication. This department has been under the 
guidance of Dr IIsu T-Seng and Mr Yen Chung-Piiig. 

The National Resources Coinniission asked the 
institute to study the problems of wartime economy. 
Reports written by the members of the institute in- 
clude those- oil the nuctuation of commodity prices 
during wartime, on a general survey of iiidustry and 
{'urrcnc}’ conditions in Free China, on the economic 
conditions of the occupied territories and on the esti- 
mated war losses of China. 

In the field of public finance studies on the 
financial relations between the central and provincial 
governments since the founding of the Chinese 
Rcjmblic, on district finances, on the finances of 
Yunnan, and on the provincial and district finances 
of Kuangsi have been completed. In ig42, in collabo- 
ration with the .Ministry of Food, the institute sent a 
party of investigators to stiuly on the spot the actual 
working of the new go\ eminent regulations on (rt) the 
liayment of land taxes in kind, (h) governiiiciit pur- 
chasing of cereals. Studies on i iirrency proldcms in- 
clude an estimate ()f silver .stock in China and in- 
vestigation on the finances and co-operative under- 
takings in the farm villages of Chekiang tnovince. 
vStatistics on vSi no- Japanese trade in pre-war years and 
on the interport trade of China during 1036-40 were 
compiled and the evolution of international trade of 
China was studied. 

Mr Lo Erh-Kang of the institute has chosen the 
history of army organi/ation ii^ China as his special 
field of study. He has written a book on the history 
of the Hunan Army organized by ^larcpiis Tseng 
Kuo-Fan. His two manuscripts, one on the history 
of the “Green Barracks*’ and another on the army 
organization during the last decades of the Manchu 
Dynasty, are also ready for publication. 

In the field of iiublic administration, a book on 
the relations between provincial and district admini- 
strations ill Kuangsi province is near completion. 

Theoretical economics has l>een studied by Dr 
VVu Bao-Sau and Mr Fan Hung, botli connected with 
the Cambridge School' of Economics. 


Institute of History and PHmoi.oc;Y 

Four lines of work are carried on, namely, 
hi. story, archaeology, ethnology and social anthro- 
pology, and philology and linguistics. The institute 
possesses an extensive archaeological and ethnologi- 
cal collection, including a large number of treasures, 
such as the tortoise-shell “oracle-bone” inscriptions 
of the Yin dynasty from the site of Anyang ; and 
many records r)f the Chiiig Imperial Archives. The 
collection of books, aiithroiionietric records, and 
linguistic records in the institute is also very exten- 
sive. The situation of the institute on the banks of 
the Yangtze River in South- western Szechuan enabled 
the valuable library and records lo be evacuated from 
Nanking direct and intact. The director of the in- 
.stitute is the distinguished liistoriaii Dr Fu S.se-Nieii. 
The assistant director of the History Division is 
Prof. Chen Vin-Ko who has with him one Senior 
Research Fellow, six Junior Research Fellows, and 
nine Assistants. The Linguistics Division, under Dr 
Li Fang-Kiiei, has f)ne tseiiior and one Junior Re 
search Fellow with four A.ssistants. Dr Ij’ Chi head- 
the Archaeological Division, with three vSeiiior Re- 
search Fellows, a Curator, three Junior Research 
Fellows, and three Assistants. There are also foiu 
Librarians, making a total staff *)f 30. 

Prof. Chen Yin-Ko has now completed liis 
treati.se on the political hi.story of the Tang dynasl>‘. 
Dr Lao Kan has made a study of the bamlax) inscrip- 
tions of the Han Dynasty found in the vicinity 
the Gashim Nor, Ningsliia, and for this work he was 
awarded the Vang Cliiian j)nze of the academy in 
ig^i. Dr Chiiaii Han-v^cn studied the econoinii- 
history of the Snug period and was awarded the Yan^ 
Chiian prize of the academy in 1942. Dr Fii Lo-Hiiaii 
wrote a i)aper on the method of administering the 
various racial groups adopted by the Liao emperors. 
Other history section work has included the editiii-; 
of the historical records of the ^ling Dynasty, tin- 
editing of .sources of Chin (Tartar) history, and the 
compilation of a critical bibliography of the astro- 
logical works of the Han Dynasty. Dr Li Kitang-Tao 
is studying the documents of the Imi>crial Archives. 
Work on the history of science in China is just 
begimiing ; Mr Wang Ling has written a monograi>li 
on the history of the discovery and use of gmi' 
powder, while others have written iUi alchemy. 

Ill the archaeological section of the institute, 
excavation reports of the following .sites have been 
comjdeted : Hhiaotniilsun, Liaiigchencheii, Houcliin- 
chuan, Sunhsien, Iluihsien, Chihlihsieii, and Tasliih- 
kuiigtsmv. Reports on archaeological investigations 
ill vSuiyuan, wx'steni vSzecliiian, and Sikaiig are read' 
for publication. Dr Tung Tso-inn has profouinll.' 
analyzed the tortoise inscriptions of Anyang and 
Ihereb}' obtained a possible s<ilution of Yin chrotm- 
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lo^y as well as a knowledge <»f the iiielluxl of calendar 
making adopted by the Yin people. This work, in 4 
voUimcs, was published in 1945. 'fhe excavation of 
Hail tombs in Pengshan, vSzechiian, and archaeologi- 
cal investigation in tlic north-west, esiiecially the 
study of the Puddliist paintings in the Cliienfotung 
cave-temples at Tunhuang, Kansu, are in progress. 
I'he latter work was taken up in collalx nation with 
the National Central iMnseiim. A parly of three ex- 
perts, consisting of Dr Hsiang Ta, Dr bao Kan, Mr 
Shill Chang-Rju of the institute, left Chungking for 
the northwest in April, 1042 and are still going on 
with their work. 

In the field of linguistics, detaileil surveys of the 
dialcxrts of Hupeh, . Hunan, Kiieichow, Kuangsi, 
Sze chuan and yuiinan have been carried out by Dr 
Li Fang-Kuci and his assistants. A survey of Miao 
dialects, Tung dialects, and Tai dialects in Kueichow 
and Kuangsi was also carried out and a comparative 
study of Tai dialects was made. Prof. Chao Yncn- 
Rjeii who had headed the section <»f pliilology and 
linguistics since the founding of the institute went 
to the U. S. A. in the autumn of 1938 to lecture at 
Harvard. Dr Li Fang-Kuei succeeded him. 

The longer publications of the institute of history ' 
and philology ai)pear in the form of treatises, mono- 
graphs, and excavation reports, while the shorter ones 
appear in the periodical entitled IhiUeiin of Ihe 
histitutc of Ilislory and l^hiloloyfy. Conditions have 
rendered the publication of this rather erratic after 
the end of 1942. 

Conveniently situated in the same small town arc 
the temiKjrary (jiiarters of the National Museuiu, 
directed by Dr Li Chi, and of the Institute for the 
History of Chinese Architecture, directed by Dr Liang 
Se-Cheng, (son of the famous scholar Liang Chi- 
Chao). The niu.senm contains recent accessions of 
I Ian bricks, stone carvings, pottery statues, bronze 
implements, and very interesting ancient lacquer 
wine bowls and Ixixcs. 


INvSTitxjtk of Physical Anthkoi'oixkw 

This institute became independent of the fore- 
going in 1945 ; it is directed by Dr W n ling-Liang, 
assisted by two Research Fellows and a Chief lecliui- 
cian. It possesses a great collection of skulls from 
Anyang and other sites. 

Before the formation of a sei)arate institute, the 
principal items of work were ethnological and 
anthropometric investigation of the IMiao people of 
J^ueichow, and the ethnological investigation of the 
racial groups of western Szechuan and Sikang. 
Reports on the measurements of the hones of the 
Chinese people arc ready for publication. 


INSTITUTK I'NOINKKKlNd 

in Shanghai, this institute, directed by Dr Cluai 
Rjciig, jHissei-sed very large and modern laboratories 
of textde tet'liiiology, glass technology, and iron and 
steel. < )n evacuation to Kunming, it found itself in 
an entirely dilTereiil environment where the facilities 
for experimental work were inadequate. The two 
experimental tdauts of the institute, one on glass- 
making and another on steel-making, were fortunately 
moved to Kunming with the institute itself ; and work 
along these two lines could still be carried on. The 
plant for glass-making was bombeil by enemy planes 
ill vSeptember, 1940, but soon re-established itself in 
a village near Kunming. Although it has had to 
operate on a reduced scale, it has l)t‘en able to fuinish 
much glassware needed in medical service and in 
scientilic work. Because of the lack <>f jn-oper raw 
materials, the glass produced is infeiit)!- to tliat of 
former ilays. I'lifortiinalely, lack of funds and 
support caused the glass plant to close down at the 
end of 1943. Hut the glass analytical laboratory is 
still working. 

The equipment in the experimental plant for 
steel -making includes a rolling mill and electric steel 
furnaces, hor supplying wartime needs for special 
kinds of steel, most of the equipment of the plant 
wys loaned to a steel manufaclnriiig i>laiil some dis- 
tance out of town jointly organized by the Ministry 
of liconoiiiic Affairs and the Yunnan Provincial 
(h)veniinent. The members of the institute lend 
theh technical services to this plant. This is now 
inodnciiig special steels of fine (piality which are used 
also by the Allied Annies operating in the China 
Theatre. It also makes tool steel wire cables for the 
brine wells of Tzeliuching, Ni-Cr-Mo alloy pislon- 
riiigs, steel for truck springs, etc. etc. There is a 
good metal lographic laboratory at the plant and a 
library. 

In 1941, the Central Elect ro-Tcchnical Manufac- 
turing Plant of the National Resources Commission 
asked the institute to make tungsten magnetic steel 
which was needed for telephones and electric meters. 
The tungsten magnetic steel produced in the labora- 
tory of the inslilntc has been found satisfactory, being 
comparable in (luality with the American product. 
The making of coball magnetic steel was also attempt- 
ed ill 1941. 'Phe cobalt ores of Yiinnaii were found to 
contain 1.5 to b.6 per cent cobalt oxide. From these 
ores, cobalt oxide of purity above go per cent was 
prepared, the remaining impurity being mainly iron 
oxide. 'Phis cobalt oxide can be u.scd as the starting 
material for making cobalt magnetic steel. 

The material testing division of the institute has 
carried out an extensive scries of tests on Yunnan 
timber, including tangential and radiaj, shrinkage, 
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mechanical properties, specific gravity and moisture 
content. For certain selected kinds of timber, dry 
distillation experiTiicnts have been carried out for the 
purpose of obtaining acetone, wood alcohol, and 
acetic acid. 

The buildings of the institute itself adjoin those 
of the Chemical Institute. There are now, under 
wartime conditions, two vSenior Research Fellows, 
one Junior Research Fellow and eight As.sistants. 


Institute ox Medicine 

This institute, formed in 1945, is being organized 
by Lt. Gen. Ling Ko-Hsing (Robert Lim) and Dr 
Fang Tch-lci. It is located in temporary premises 
adjacent to the Shanghai Medical College at Koloshan. 
Ultimately it will include physiology, pharmacology, 
biochemistry, endocrinology, etc., but it will not be 
'possible to acquire the necessary equiiiment until 
after the war. 


LETHAL TEMPERATURE OF SOME AIR-BREATHING AND 
NON-AIR-BREATHING FISHES OF INDIA 

A. K. DAS 

DEPARTMENT OP PlSnERIES. 

H. K. H. THE NIZAM’S GOVERNMENT, HVDKRAE\T) (DlCCAN) 


Introduction 

/^NE of the must striking phenomenon in the life 

of “warm-blooded** animals generally is the re- 
markable constancy of the temperature maintained in 
spite of the variations of temperature to which they 
are subjected in their surroundings. When this 
freedom from change is contrasted with the tempera- 
ture of “cold-blooded** animals, it will be seen as 
the one constantly changing with that of the environ- 
ment, i.e,, these “cold-blooded** animals do not have 
mechanisms whereby their body can be under thermo- 
static control. Hence they are at the mercy of their 
surroundings. The present investigation was under- 
taken with a view to determining the lethal limit in 
the upper reaches of thermal conditions which these 
fi.shes can be subjected to as well as to record certain 
physiological changes associated with the effects of 
high temperature that were hitherto unknown in the 
thermal studies of Indian fishes. 

P'xperimkntal Tests 

First of all four species of non-air breathing 
fishes were selected for the experiment, and four 
members from each species were subjected to ex- 
perimental conditions’. I?xcepting Barbus (Punlius) 
lido (Ham-Buch.) they all measured about 4" to 
6.1" in length. Similarly, four fishes from each 
of the four species of air-breathing fishes were 
taken for investigation. They were all about 
4" to 6.5" in length. Two small glass aquaria, 
with a capacity of 4 gallons each, were half filled 
with fresh vvatcr from a large tank in the vicinity, 
and a batch of two fishes at a time was introduced 


into each of them from the non-air breathing group. 
The temi)erature of the medium was raised gradually 
by two degrees at an interval of 20 minutes. Exactly 
similar Ihermal treatment was meted out to the air- 
breathing fishes. The ob.servation was spread over a 
period of several days and the experiments were per- 
formed at the same time every day. Whenever a new 
batch of fish was introduced in the aquaria, the water 
had alwa.vs been replaced by fresh water and the 
effects of temperature were .studied anew in each 
case, starting with the normal temperature of the 
medium. The effects of raised temperature on the 
various species of fishes and the pU of the mcdiuni 
arc shown in table I and in table II. 

The tables clearly show that in nearly all cases, 
death ensued between 39°C to 41 ®C. The non-air 
breathing fish, Glossogobius giuris Ham-Buch, 
that died at 37°C, evidently indicates that it is a 
very delicate fish. The pll at different temperatures 
also shows that the effect of increased tempcralure 
within comparatively narrow range interferes very 
little with the pll of the medium examined. 

Recovery ox ttie Fishes after the Experiment 

Those non-air breathing fishes that over-turned 
in warm water and were transferred to normal fresh 
water (Temp. 27°C) revived within a few seconds 
and started moving about, darting from side to side 
with case and adroitness in the course of a few 
minutes only. But, curiously enough, and as a grent 
contrast, all the members of the air-breathing group 
that sank to the bottom, when put back into normal 
fresh water, overturned again and became quiet ami 
still (Temp. 27^C). 
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Some of these air-breathing fishes were, how- 
ever, immediately taken out of water and exposed 
to atmospheric fresh air or open draught (temp. 26®C), 
with just frequent sponging with cold water. To our 
great surprise, they all gradually revived after a 
few gulps of air between 12 minutes to 15 iniuutes, 
and when replaced again into normal fresh water 
w^hich was always cold, they began, after resting for 
a while, swimming about with usual ease. The cold 


sec whether they were beating. In every case, with- 
out exception, the heart beat had stopped. The 
cessation of lieart beat is directly due to heat— 
paralysis of the myocardium or the muscles of the 
heart under such a thermal stress. 

Discussion and Conclusion 

The series of these experiments demonstrate that 
the alkalinity of the tank water which had a />H 


' TABDE I 

Effects of TKMFiiRATuki. at an interval of 20 mini tks in fach casf 


;rial 

^0. 

Species of Air- 
Breathing i'ishes 

27°C 

1 

... . 1 

31«C 

vLW 

1. 

Anabas tvstudi- 
ueus (Bloch) 

Normal 

N()riiial j 

1 

Noniifil 

Normal 

2. 

do. 

do. 

do. 

do. 

do. 

3. 

do. 

do. 

do. 

do. 

do. 

4. 

do. 

I 

do. 

do. 

do. 

do. 

1. 

OphiccpUaUis 
punctatus (Bloch) 

do. 

do. 

do. 

do. 

2. 

do. 

do. 

do. 

do. 

tio. 

3. 

do. 

<iO. 

do. 

do. 

do. 

4. 

do. 

do. 

do. 

do. 

do. 

1. 

Heteropneudes 
foisV.lis (Bloch) 

do. 

do. 

do. 

do. 

2. 

do. 

do. 

do. 

do. 

do. 

3. 

do. 

do. 

do. 

do. 

do. 

4. 

do. 

do. 

do. 

do. 

do. 

1. 

Clarias batrachiis 
(Linn.) 

do. 

do. 

do. 

do. 

2. 

do. 

do. 

do. 

do. 

do. 

3. 

do. 

do. 

do. 

do. 

do. 

4. 

do. 

do. 

do. 

do. 

do. 


^11 Changes 

8-2 

8-2 

8-2 

8*2 


sponging undoubtedly proved highly soothing and 
beneficial for the recovery of these air-breathing 
fishes. This condition appears exactly like a typical 
case of pyrexia as a result of heat-stroke, and the 
remedy sought for here compares favourably with 
that followed in the treatment of human cases under 
such conditions. 

Condition of thk Heart at Lethal Temperature 

A few fishes, after they were seriously affected 
i'y lethal temperature, from both the groups, were 
immediately dissected out and their hearts exposed to 
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8.2 showed very little change within certain range. 
This is probably due to the presence of stable salts 
in the uater, which tend to have a low co-efficient of 
dissociation. Effect of temperature therefore, affect 
very little the pH status of such an alkaline water. 

The experiments further prove that the lethal 
range of temperature is practically just the same for 
both the air-breathing and the non-air breathing 
fishes, although, according to Christen, time factor 
is of immense importance, and death may occur even 
at a lower temperature, provided the time of ex- 
posure is sufficiently prolonged. The frequency of 
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excursions to the lop of tlie water -surface, Avhich 
augmented with the rise of temperature of the 
medium in the ease of air-breathing fishes, only 
shows their dominant habit to aerial adaptation and 
atmospheric air-hunger. vSuch a condition finds 
parallel with the works of Das (1Q27) and Hora 
on the air-breathing fishes, according to 
which these fishes made similar efforts when sub- 


The most interesting result of this investigation 
is that inspitc of their absolute freedom to come up 
to the .surface and swallow air, the air-breathing 
fishes could not possibly stand the heat-paralysis and 
failed to accomiilish it. This is due to the fact that 
the onset of lethal temperature initiates heat-paralysis 
of all the tissues, the severity of which is the ultimate 
cause of death in both the groups of fishes. On the 
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jected to asphyxiation. All the .same, these indivi- 
duals, however, differed fundamentally in their 
physiological behaviour, when their heart was ex- 
jiosed and examined after thermal treatment. The 
stopping of heart beat in all such cases reveals the 
fact that their clinical death was almost synchronous 
with and as complete as the physiological death. 
According to Das’s findings in the case of asphyxiated 
fishes, on the other hand, physiological death of the 
fish followed long after their clinical death, as could 
be seen from the beating of the heart for several hours 
in certain cases. It is, therefore, quite clear that the 
effects of thermal death-point cause both clinical as 
well as physiological death in much faster succession 
than could he expected from mere asphyxiation. 


biochemical side, probably progressive inhibition of 
the uptake of oxygen by the cerebral nervous .system 
of these fishes, following dissociation of oxyhiemo- 
globin as a result of high thermal stress, might be 
regarded as contributory factors. 

Heat-paralysis of the fishes, therefore, is essen- 
tially an expreSvSion of disturbances of neuro-musciilar 
order. 

Another extremely interesting and notable 
feature of these experiments was that these air- 
breathers were more severely affected by high thermal 
fluctuations than the non-air breathers, and an 
application of cold spray coupled with exposure b> 
draught revived the former in a few minutes. This 
is due to the fact that, with the fall of their body 
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letnperature following the* foregoing trealineiit, re- 
covery of the nenro-niiiscular system takes place, 
and as a result, paralysis gradually disappears lead- 
ing to general recovery. The i)rim;iple embodying 
the therapeutic measures suggested for these fishes 
in this paper will be of immense practical value to 
endure the air-lireathing fishes during transport over 
long distances in hot weather i)articulailv and in 
other seasons generally. 

All these facts of thermal eiuiuiry once more 
prove conclusively the ingrained and [)repoiidcring 
susceptibilities to aerial adaptation of air breathing 
fishes over their non-air breathing neighbours and 
tlirow a considerable light on the necessity of their 
protection from unfavourable reactions U) environ- 
ineiital changes. 


The work is still in progress and other [iliysio- 
logical details will be dealt with in a later paper to 
be published shortly.* 
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THE PROBLEM OF WATER-HYACINTH IN BENGAL 


PRAPIIIJLLA KUMAR BOSIC 
rn-,l'M<TMKNT OK HOTANY, CAI,CITTT\ I'NIVI-RSITV 


VyATHK-liVAClNTlI, botanically known as 
** Eiclilioniia spccioaa Kuiitli,* belongs lo a small 
genus of water-plants of the family Ponlcdcriacece. 
It is^a native of Soiilli America, which came lo be 
considered as a water i»esl and a serious menace to 
agriciiltnre and navigation in hlorida in 1890. It 
ra]>idly .sinead as a fresh water weed lo countries so 
widely separated as Australia (Queeiislandj in 1895, 
Cochin China in icoS, runna in igiA and in our own 
Presidency in 1014, though its ineseiice in Bengal 
might be traced as early as the beginning of the pre- 
sent century. 'Phere is no definite record lo show 
liow' this plant reached this cMimlry and from what 
centre it spread. The records of the Herliarium of 
the Royal Botanic (hirdeii at Sibpiir show that it 
existed in this Presidency before 1903. About the 
year 1902-05, large (piaiitities of the plant were seen 
in the railway bniTow-pits near Lillooali and Duin 
bum. These were very often taken out by peojde 
in or round about Calcutta for the sake of the elegant 
beauty of llie lilac flowers. It is reported that in 
1005-06 this plant was first introduced to Eastern 
Hengal by a certain gentleinan who carried a fcAV 
plants from C.'alcntta and placed them in iiis own tank 
Narayangniige for the sake of the flowers. This 
biiik was overgrown in course of a year and the 
Mirroimding area was soon infested. Thus within a 

It is believed that the genus was named alter a German 
i^Iiiiister who lived about the end of the 18th century, which 

to show that the plant already existed alwmi that lime. 


very short space of lime, the ^daiil niulliplied and 
spread to sucli an extent as to be a most serious 
economic problem lo ibe whole country and conti- 
nues to leinaiii a problem of imicli embarassinent in 
this ‘probleiii-ridtleu province of BeiigaP. Since this 
|)est first made its appearance in this province more 
than three decades ago, it has si)read with such jiro- 
fu.sion over the waterways with its habitual rajiidity 
as to const itiite a serious menace not only to agricul- 
ture and fishery, bill to lier internal conimiiiiications 
blocking up navigable waterways, and interfering 
with drainage channels and, what is more, to the 
health of llie rural population. The water-hyacinth 
has thus become a problem that touches the life of 
the province at so many vital points. The pest of 
water-hyacinth has been the cause of crop-damage in 
Bengal to llie tune of huge sums of money and every 
year crops and fish worth crores of rupees are des- 
troyed by lliis i)est alone. The necessity of keeping 
this noxious water weed under control so as to pre- 
vent these serious results, although very difficult, is 
a very urgent matter for the welfare and prosperity of 
the country. 

In 1914, the Xarayangunge Chamber of Com- 
merce ill Igistern Hetigal brought to the notice of the 
Local (h)veriimeiit the dangerous nature of the pest 
and filially in, 1925 the Associated Chamber of Com- 
merce in India and Ceylon urged the Government to 
introduce legislation for eradication of the pest. It 
was only in June, 1921 that a Water-Hyacinth Coni- 
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tnittee under the Chairmanship of our illustrious coun- 
try man the late Sir Jagadish Chandra Bose was ap- 
pointed to investigate the whole question, particularly 
the problem of eradication. This Committee inter alia 
made suggestions for legislative measures : but so 
far the history of legislation in different countries has 
not been encouraging. In the Bengal Water- 

Hyacinth Act was i>assed and subsequently an amend- 
ment (1940) was added to tighten up the provisions of 
tliis Act. Nevertheless this '‘beautiful blue devil*' 
refused to be intimidated. 

The solution of the problem of water-hyacinth 
has undoubtedly a very significant bearing on the 
success of the “Grow More P'ood” campaign and as 
such the question of eradication of the pest ought 
to press itself on the attention of the Government of 
Bengal as of vital importance and urgency in the 
Post-war scheme for the rehabilitation of Bengal. 
The normal annual yield of rice in Bengal is roughly 
about 80 to 85 lakh tons, which is hopelessly in- 
adc(iuate to feed nearly seven crorcs of BetigaVs own 
population. This water weed has a definite retarding 
influence on the paddy cultivation, and naturally this 
loss to the alread>' small and insufficient yield of 
paddy in our province cannot and should not be 
ignored. There is an area of about 37>{» lakh acres 
of cultivable waste lands in Bengal, a greater fiortion 
of which is lying covered with water-hyacinth, parti- 
cularly in Lower Bengal, — commonly known as the 
deltaic iKirtion. Moreover, this water iiest has very 
much affected the development of inland fisheries 
causing shortage of fish which is one of the chief 
and indispensable items of Bengars* normal dietary. 
With the advent of the economic depression and the 
acute shortage of food, a change has very happily 
come over the outlook of the rural pcqiulation and a 
spirit of self-help and mutual help has manifested 
itself amongst the general imblic in rural areas. With 
substantial contributions from the Central Govern- 
ment to give a push to the “Grow More h'ood" cam- 
paign, the iireseiit seems to be the most opportune 
lime for launching an organi/.ed drive again.st the 
pest and also to teacli the cultivators liow to con- 
serve and prepare manure and compost from it for soil 
enrichment. 

The water-hyacinth plant is highly resistant and 
so far no member of . the animal and plant kingdoms 
has yet been discovered which would promise to act 
as a check on the growth of the water-hyacinth. An 
alga common in stagnant pools and liack waters 
{Tribonema bombycinum Ag) is very often found to 
be closely eiitaiigled with the bunches of rootlets of 
thc^ jdant and appears to affect its normal healthy 
growth, but it does not kill the plant, and even if 
it did so, the remedy might prove worse than the 
disease itself. • 


Two chemical substances have been found to be 
very effective in killing the water-hyacinth, namely 
common salt and sulphuric acid. When placed in 
a 5 per cent solution of common salt in ordinary pond 
water the plants show signs of decay in 24 hours and 
is completely killed in 5 days, in i per cent solution it 
dies in 10 days, and in 0.5 per cent solution in 16 
days. A 10 i)cr cent solution kills the pest in a very 
short time, but the application of this remedy over 
an extended area would require immense quantities 
of rock or sea salt. Moreover, the effect is rather 
uncertain, as parts of the stem may escape destruc- 
tion. 

Tlie water-hyacinth is an alkali-loving plant, as 
indicated by the indigo colour of the rootlets and 
any mineral acid will therefore act deleteriously on 
the water i>esl. Thus suli)huric acid, which can l)e 
transported easily, has been found suitable. Very 
dilute solution of this acid is not injurious to the 
health of cattle and man, and is, in fact, a i)reventive 
of cholera. It attacks lead only slightly and an alloy 
of lead and antimony is nearly immune to corrosion 
by the strong acid. It would not be difficult to design 
an efficient spraying apparatus of those alloys ; but 
the application of these or any other chemical 
remedies over an extended area would offer 
immense difficulties. Any such type of speciall> 
designed sjuay may be useful only in facilitating 
removal of the waler-hyaciiith to the borders of po«>ls, 
tanks and all other watercourses, but are not likely to 
lead to a total eradication *>f the pest. The spraying 
of patches with arsenical solutions, though efficacious, 
if thoroughly done, would be too expensive and are 
likely to produce results not originally contemplated, 
and their aiqilication is quite out of questif)n where 
village tanks are concerned, for obvh)Us reasons and 
niu.st therefore be altogether avoided. Similarly, 
poisons of such deadly potency cannot be emjiloyed in 
watercourses through inhabited areas, and where the 
jieople cultivate fish as means of livelihood. M(»re- 
over, whether poisonous or not, the first apidicalion, 
eveti if efficacious, may not be thorough enough as 
to preclude the possibility of some surviving plant, 
or portion of a plant, or a stolon, remaining to 
develop and to become in a short space of time as 
great a nuisance as it was in the beginning. This 
fact is more important, if we bear in mind that re- 
production of the plant is also effected by seeds, 
which fall into the water when ripe and arc then 
freely distributed giving rise to new .seedlings after 
a period of desiccation. Even if any chemical or 
thermal process docs kill the plant, there will always 
remain the problem of its removal for it would not do 
to cover immense areas with rotting vegetation ; the 
latter will have to be removed ultimately by inechaTii- 
cal methods and handpower. 

The late Sir J. C. Bose (Vide ** Transactions of 
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Bose Institute, Vols. Ill & IV, pp. 786-795, 1923) 
after giving the details of his own experiinents and 
observations on the pest and the various possible 
methods of eradication, arrived at the inevitable con- 
clusion the “the only efifcctive means is in the mecha- 
nical collection and destruction.*’ Similarly, Prof. 
Parij'a of Cuttack published (The Tnd. Journ. of Agri. 
Sc., Vol. IV, Part III of June, 1034) a very interest- 
ing account of the work done by him on the Physio- 
logical investigations on W’ater-Hyacinth in Orissa, 
Ihianced by the Imperial Council of Agricultural Re- 
search. A careful perusal of this valufdde work shows 
that the learned Profe-sor had very minutely examined 
the various methods of eradication of the pest and 
finally came to the conclusion that the best method 
of getting rid of this pest finds nothing better than 
man-handling the plants, all (jther methods proving 
either ineffective or iiusatisfactory. The writer has 
always advocated that nian-handling and other mecha- 
nical methods must play a considera])le part in any 
successful empaign for eradication of the idant — the 
biological or chemical and tliernial methods proving 
either uncertain or inadcciuate. 

A very recent report shows how certain American 
scientists have succeeded in clearing, by a very 
ingenious method, certain localities in the United 
States which had been phigued by a similar noxious 
water plant (Water chestnut or Caltrop, — Botanically 
known as Trapa hispinosa Roxb), for a pretty long 
lime, by designing and employing a very simple type 
of a cutting machine. It is said that “When King 
George and Queen Flizabelh were to be taken to 
•Mount Vernon for a visit by boat, considerable 
effort had to be made to dredge the channel and 
clear away the water chestnut so that Mount Vernon 
landing could be approached. About five years ago 
President Poosevelt made a cruise down the rivxrr with 
the then Secretary Agriculture, Henry A. Wallace 
in the party. The President wondered if some 
use could not be made of the dense vege- 
tation and the Department of Agriculture made 
experiments to see if it could be utilized as 
fertilizer.*’ A small cutting machine was finally 
designed and developed which w-as successfully 
employed to do clean-up work in the affected area. 
“The eradication of the water chestnut, or caltrop 
has been a truly remarkable accomplishment. The 
elimination of this pest which had \'irtually taken 
possession of the river for 40 miles is complete, except 
that there will have to be careful watching for a few' 
years to come to see that the plant is not allo^Yed to 
T'o-cstablish itself.** The report further adds, “The 
I’nal defeat of this foreign enemy which w'as rapidly 
ruining one of Amcrica*s most beautiful river is a 
'flowing tribute to engineering and mechanical skill. 

its last analysis it was a mechanical victory in 
'''hich .efiEective. instrum^^ were, devised , by which 


approximately 10,000 acres of waters were moved as a 
farmer would niow' his hayfiedd and the seeds of the 
noxious plant were destroyed.” The same report 
concludes that the new type of e(|nipment designed 
to cope wdth the water chestnut problems “holds out 
a i)romisc that .similar machinery may be developed 
to eradicate noxious plants in other areas which an* 
choking out plant food essential for waterfowls and 
game fish in mill ponds, lakes and streams in many 
sections of the country.” ft may similarly be said 
that the water-hyacinth by its dense vegetation and 
highly absorbing power of its innumerable small librc- 
like rootlets, has already more or less displaced many 
aquatic grasses which were once so characteristic of 
Rengars deep-water paddy fields. This has seriously 
interfered with the botanical studies of grasses grow- 
ing in paddy fields and, what is even more important 
from an economical point of view, it lias deprived 
the cattle of some of the best varieties of aquatic 
fodder during the rains. Owing to the scarcity of 
grass in thickly populated areas, where sulTicient 
grazing grounds are not available and in villages and 
bil areas where the more common aiiualic weeds 
hitherto utilized as staple fodder having been anni- 
hilated by the watcr-hyaciiitli, the cattle is forced to 
feed on the leaves of the latter which with more than 
90 per cent of whaler in its constitution is only a poor 
substitute for the more nutritive grasses and conse- 
quently the quality of milk has very much dete- 
riorated and the general health of the cattle fed on 
water-hyacinth has greatly run down. 

The only effective means of dealing with the evil, 
therefore appear to be the mechanical means — human 
and machinery. That will undoubtedly involve 
strenuous, concerted and consistent labour applied 
over a number of years. The best time for collection 
of the water-hyacinth is during the iiioiitlis of October 
to ^larch. Moating plants are comparatively easily 
dealt with, wdiile their collection is most diflicult, if, 
after the water has gone down, they have taken firm 
root in the mud. When dragging the plants on land, 
care must be taken to drag them to a high enough 
level to prevent water reaching them when the 
monsoon rains set in. Merely dragging the plants to 
the water’s edge is worse than useless. All these 
facts emphasize the point that it is very important 
and essential that the main campaign of operational 
work should he placed in charge of real experts in 
the problem who must possess a very intimate 
knowdedge of the subject matter at issue, particularly 
regarding the life-history of the plant, how it grows 
and thrives and above all, how it spreads, and who 
are also capable to give an energetic drive to this 
difficult task which would surely require a good deal 
of tact and resourcefulness to make the whole 
campaign successful. 

As a potash plant the water-hyaciptb is. a useful 
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manure, cither green or dry. It is a well known fact 
that fresh specimens of the plant contains more than 
ninety per cent of water and as such a ton of the 
fresh water weed contains about eighteen and 
a half cwt. of water. Again, a ton of the 
fresh weed yields less than a cwt. of the 
thoroughly sun-dried stuff. It is, therefore, more 
advantageous to use the sun-dried plant directly as a 
potash manure than to burn the dried stuff and use 
the resulting ash. More because, it has been found 
that the inanurial value of the rotten plants buried 
under earth and made into a compost is greater than 
the ash derived from the burning plant. All watcr- 

hyacintli plants must be pulled out from the places 

where they arc growing and piled up on some 
adjoining high lands for proper disposal, either by 
fire or burjdng them down in pits dug out in grounds 
for this purpose; this method will be found to be of 
general application. The pits when full should be 

covered with a layer of earth or sand. If the pit 

method of disposal be adopted, it is recommended 
that a little ciuick-lime be thrown in with the plants 
to accelerate decomposition. 

An American author in an article on '*Water- 
llyacinth, a foe or friend**, published in the 
“Aciuarium**, June, 1044 while describing water- 
hyacinth as “one of the popular plants used for 
spawning** says, “It would be difficult to imagine a 
plant more variously regarded than the water- 
hyacinth. In some of our southern streams it is 
detested because in its prolific growth it actually 
obstructs navigation. Great expense is entailed in 
periodically clearing it out. In the spring it is highly 
esteemed by Goldfish fanciers as a medium for catch- 
ing the eggs of spawning fishes. It is freiuiently used 
also for spawning tro 'ica^s which have adhesive eggs, 
.such as Danio malabaricus. The finely divided, thick- 
branching, blue bl' ck ro Us form an ideal mat for the 
fish to rub again and deposit their eggs on passing. 
Floating, as they do, is an advantage. The plants, 
with eggs attached, arc easily lifted out. Further- 
more, many such fishes like to spawn near the 
surface, Gold 'shes coming partly out of the water 
during their fren'ied action at breeding lime. The 
high regard of the fish breeder for the water-hyacinth 
commences to cool as summer passes, for he not only 
docs not know what to do with his increased stock, 
but usually is unable to keep even a few breeder 
plant over the winter, since they require strong light, 
heat, and moist atmosphere. Repetition never quite 
seems to dull the painful October act of throwing a 
bushel of plants that would be worth good money in 
the spring if they could only be saved.** 

It is not known if any similar phenomenon has 
been observed and recorded by those who are engaged 
ill the investigations of eilhci rearing or breeding of 
-flahes Jn-.Rei:t6al» espepially. of. thpsif?. ;types tljat are 


indigenous to inland waters. But so far the various 
reports of fish mortalities in stagnant pools and ponds 
covered with water-hyacinth at once dispel the ideas 
and also ruin the prospect that the water-hyacinth 
should ever be fancied in tropical countries as “one 
of the popular plants** for any kind of pisciculture. 

It is already a common knowledge that the 
water-hyacinth is a tropical plant which can hardl> 
stand severe frosts and as such the temperate regions 
arc more or less free from this pest. 

It may he mentioned that the Government of 
Bengal tried to assail the water-hyacinth from time 
to time in a variety of ways, but so far failed to 

produce any enduring effect — the reason of its 

failure every time was mainly due to lack of any 

definite plan of action and sustained work. The 

solution of the problem of water-hyacinth is of sucli 
great complexity and difficulty that haphazard and 
half-hearted measures are not adequate for a problem 
of such magnitude and therefore, any piecemeal or 
short-cut method is bound to be niisiiccessful. Tin* 
Government of Bengal ought to realize by now tlial 
their long apathy to tackle this water weed more 
effectively, has already allowed the pest to do a good 
deal of mischief in the countrysides by devouring and 
devastating the agriculture of the province and also 
ruining the health and prosiierity of rural Bengal. 1 1 
is therefore hoped that the Government would take 
immediate and suitable steps to initiate a vigorous 
and well-directed caminiign to educate the jicople in 
all useful knowledge regarding this plant, so lhal 
l)ublic opinion can be siifficneiilly aroused to ta('kk‘ 
this national problem. In this iini>ortant task, it is 
suggested that the British Indian Association, whose 
membership includes the most influential landowners 
of Bengal, the different Chambers of Commerce and 
all other jmblic and voluntary organizations should 
be invited by the Government b) come forward and 
meet at a representative conference to take carl.\ 
ste])S and chalk out a constructive programme for 
devising suitable means of fighting out this national 
duxiger by enlisting the co-operation of all who ha\e 
the welfare of the country at heart. There arc many 
young self-less workers in our country, who are 
always ready to render^some useful service to the 
welfare of his or her society or nation, but it is also 
plain that for lack of any suitable organization anti a 
true ideology such latent desires to do aiiythinsi 
substantial can never be fulfilled. Let the Govern - 
ment prove their earnestness in this matter and create 
an atmosphere in which it would be possible for all 
sections of the community to work together. 

The extermination of this weed has to be under- 
taken on a mass scale, but efforts towards devcloi)inft 
a mass movement have thus far been very feeble, 
possibly because of the fact that there is hardly aii> 
.special* charm in the task of. uneconomic eradication 
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It would probably be more energetic if some suitable 
return could be obtained for the labour involved in 
ihe task of clearing the pest. But, unfortunately 
enough the green water-hyacinth plant contains 
about 05 per cent, of water and as such it is highly 
doubtful if any useful coniinercial product can be 
obtained from the remaining 5 per cent of other 
materials in the plant for purposes of industrial 
utilization. The distribution of potassium occurs in 
all parts of the plants, although in somewhat varying 
(juantitics. The green plant gives r per cent of ash. 
Tlie ash contains 28' 7 per cent of i)otash salt. Actual 
trials to obtain potash from the plants on a large scale 
for commercial purposes have proved abortive owing 
to the costliness. Numerous starch grains are found in 
the cells of the stem during the cold season, but these 
grains disappear as the cold season advances. The 
extraction is, therefore, delinitely unprofitable. The 
suggestion to manufacture paper from the dry pulp 
has been found unprof trible on account of the inferior 
(luality of the pulp. The claims of the Industries 
Department of the Covernmeiit of Bengal on the 
jirofi'.able utilization of water-hyacinth in the manu- 
facture of ^\ rapping papers and preparation of 
plastics out of the weed will undoubtedly raise some 
hopes which, let us hope, may not ultimately prove 
illusory when we come to consider the total cost of 
collection, drying, transport and actual process of 
manufacture. It is yet to be seini whether what has 


been possible to prepare in tlie laboratory can ever 
profitably make its way in the market as a suitable 
commodity of trade. I'be green manure obtained 
by coini)osting tlie water-liyacinth plants has been 
found to he eminently suitable for jute and rice 
fields, in gardening and fruit growing and this useful 
manure can be very well preiiared at a very negligible 
cost. 

In c^lnclu^ioll, I feel certain that such commend- 
able co-operative elToit of lli^* peojde of BengaL-both 
o.Ticials ami noii-o.Ticials, is bound to insi)ire con- 
rdeiiee in the hearts those* who despaired of any 
success ill tackling this formidable iirohlem by iiiaii- 
haiidling and other suitable niechanical methods and 
this will further afford an object lesson of w hat can be 
achieved by the combined aiul well-direeted efforts of 
all people irrespective of any caste or creed. It is 
filially hoiied that rigdit-iiiinded peojde of every 
section in Bengal will realize the gravity of the 
situation and start afresh to work together so that 
the delimiueiils may also take heart. I believe this 
is possible and ought to be tried. It is very necessary 
that as soon as l.engal starts to tackle the problem, 
Assam will have to clear out the pest. If Bengal 
starts w’ork w ithout Assam joining hands at the .same 
time, Bengal will certainly be re-infected through 
dow'ii currents of Braliiiiaputra and the pest will be 
redistributed all over Bengal. 


STANDARDISATION AND QUALITY CONTROL IN INDUSTRY 

(MRS) CHAMHIvI BOSK, 

SXATiSTiCAI. LABORATORY, CALCUTTA 


JI^ARGE scale production consists in almost inlinilc 
repetition of jdieuomenon, the i)roduction of the 
same article over and over again. But, in spite of 
the thoroughness of the machines and the technical 
sl<ill of the operator, and the great care with which 
the management execute their work, it is impossible 
to achieve the complete samene.ss of the manufactured 
products. Even if the (juality of the raw material was 
maintained fairly level, numerous factors such as 
temperature, humidity, degree of stirring etc. can 
only be partially controlled and the result is that the 
product varies in cualily and form. For example, the 
tensile strength of the malleable iron casting, the 
breaking strength of cloth and those of the railway 
or of cement, the linear dimensions of shaft, 


diameter of steel bolts etc. all these finalities and 
forms depend on the exactness of the process through 
which the e are maniifactiiied. In all these cases the 
‘Hest results” will not be found to be identical and 
the differences l)etw’een them are not merely due to 
errors in measurements but to want of sameness in 
the articles themselves. The sources of the.se errors 
are two ; one is due to some systematic causes (in 
statistics these are called assignable causes) and the 
other is due to some unavoidable causes wdiich are 
beyond human power to control. 

The following is a very simple example illustrat- 
ing the above fact, given by Dr W’alter vShewhart (of 
the Bell Telephone Company of New York) one of 
the foremost pioneers in the application of statistical 



172 


SClKNtE AND CDLTUKE 


Vol. XI, No. 4 


science tf> industrial standardisation and quality 
(oiitrol. 

“WriU; the letter "a’‘ on a piece of paper. Now make 
another “.a” just like the first one; then another and another 

until \ou have a series of a*s a, a, You try to make 

all the aV alike hut you don’t; you can’t. You are willing 
lo aeccju this as an empirically established fact. But what 
<t( it ? Ivft us sec jnsl what this means in respect of con- 
trol. Wliy can we iiol do a simple thing like making all 
the a’s just alike? Your answer leads lo a generalisation 
which all of us are perhaps willing lo accept. It is that 
there arc many causes of variability niiiong the a’s, the 
))aper was not smooth, the lead in the peiu-il was not 
uniform, and the unavoidable variability in your external 
surroundings reacted upon you to introduce variations in 
the a’s. But are these the only causes t)f variability in the 
a’s? Probably not. 

We accei)t our human limitations and say that very 
likely there arc many other factors. If we could but name 
all the reasons why we cannot make the a’s alike, we would 
most assuredly have a belter understanding of a certain 
part of nature than we now have. Of course, this coiicep- 
lioii of what it means to be able to do what we w'ant to do 
is not new ; it tloes not belong exclusively lo any one field 
of human thouglit ; it is commonly accepted. The. jiuiiit to 
be made in tlii.s simple illustration is that we are limited 
in doing what we w'ant lo do; that to do what we set out 
to do, even in so simple a thing as making a’s that are 
alike, requires almost infinite knowledge compared with 
that which we now possess. It follows, therefore, since 
we are thus willing to accept as axiomatic that wc cannot 
do what we want to do and cannot hope to understand why 
we cannot, that W'e must also accept as axiomatic that a con- 
trolled quality will not l)e a constant quality. Instead, a 
controlled quality must be a variable quality. This is the 
first characteristic. 

But let us go back lo tlic results of the experiment on 
ilie a’s anil we .shall find out something more about control. 
Voiir a’s are different from my a’s; there is .something 
about your a’s that makes iheiii yours and .something about 
iny a’s that makes Ihcni mine. True, not all of your a’s 
are alike. Neither are all of iny a’s alike. Kacli group of 
a’s varies within a certain range and yet each group is dis- 
tinguishable from the others. This distinguishable and, as 
it were, constant variafulity within limits is the second 
characteristic of control.” 

Similar things happen in industrial production 
of manufactured goods. For example test results of 
the hreaking strength of malleable iron casting are 
likely lo vary from .specimen to .specimen within the 
same batch and also from batch to batch even if 
special care were taken in the selection of raw mate- 
rial, and ill the maintenance of machines. These 
variations of the quality of malleable iron casting de- 
pend on many known factors such as homogenisation 
of mixture, control of temperature, avoidance of 
accidental chilling etc. If routine test results during 
the process of manufacture are recorded systemati- 
cally, then causes of variation in quality can be statis- 
tically investigated, leading possibly to an elimination 
of at least some of them which are distingui.shable. 

It mr y be that in the course of routine produc- 
tion repeated tests of quality are carried out by 
manufacturers hut the question is whether they are 


used to the best advantage for serving the purpose of 
control in which they are interested. Sometimes it 
is not possible lo carry out routine tests of qualiU 
due to the destructive property of the test, and even 
where it is possible, it is obviously uneconomical 
carry out extensive checking of the quality of pro 
ducts which is the routine method followed by the 
(Tovernment Test Houses in India. With the help 
of modern statistical science an estimate of the whole 
batch of consignment cati be obtained b}' checking 
only a part. 

In Kngland the interest created in the applica 
tion of statistics to iiidustiial products dates from some 
lectures given in J^ondon in ^lay 1932, by Dr 
Shewhart. In England and vS. A. considerable 
progress in many directions has been made in this 
subject. In 1933, the Council of the Royal Statistical 
Society set up a Committee consisting of statisticians 
including Dr E. vS. Pearson, an eminent statistician, 
and other technical experts for forniulating tlie 
scheme of w’orking in this special branch of applictl 
science. 

Large scale Indian industry is likely to llirixc 
considerably during the i)criod of posl-w’ar reconstruc- 
tion and to increase the efficiency of such concerns 
it is ncce.ssary to e.slablish close co-operation between 
statisticians and technicians. Tlie Foard of Indus- 
trial and Scieiitilic Research at Dellii has set uj) a 
Committee consisting of statisticians and indu.stria- 
lists for consideration of the problems involved in 
.standardisation and <iualily control of industrial pm- 
ducts. The formation of this {special Coiiimitkr 
definitely satisfies a longfclt waul. A course of train- 
ing in this subject initiated )>y the alnive Board lias 
already started at the Indian Statistical Instil nk, 
Calcutta. 

Specification : A very common and essenlial 
problem in industry is to secure conformity to speci- 
fication. It has been already mentioned that the ito- 
duct will never ])c uniform, but will vary within a 
Cv^'lain range al^out an average value. It musl be 
recognised that this is inevitable, however efficient 
the control of production might be. It is net, 
therefore, sufficient to specify only average values, 
but it is necessary also to indicate the permissible 
variation about such averages. 

The consumer sometimes wants that the variation 
should fall within certain limits ; sometimes he can 
allow greater latitude provided that a certain 
minimum level is attained ; and sometimes he i.s not 
so much concerned with the precise average level, 
provided this level remains constant from one ct)U- 
signment to another. All these depend on the typ 
of specification needed. 

For the purpose of securing conformity to spec: 
fication two methods are generally used. 
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(1) What is commonly known as '^consignment 
sampling** in which samples are taken from finished 
products either at random or by a special choice. 

(2) The second method which operates during 
the process of manufacture and which may con- 
veniently be called process sampling, consists in 
keeping records that will provide statistical evidence 
of the level f)f control during the process of manu- 
facture. 

The first method is very expensive and hence the 
second method (which is much more economical and 
technically as effective) is adopted. The advantages 
of the second method are the following: — 

(1) It avoids the difficulty of drawing a repre- 
sentative sample. 

(2) It dispenses with large scale sampling which 
wouid be otherwise needed to give adeciuate assurance 
to the consumer. 

(3) It ensures that the control during different 
stages in production remains effective. It should be 
noted in this connection that to increase the efficiency 
of production processes it is necessary to remove the 
defective material at some of the initial stages in pro- 
duction rather than let it pass on to the final stage 
where it would most likely cause the rejection of a 
finished unit of product. 

Sampling : Closely related to the question of 
specification is that of sampling. How many tests 
are necessary for a given djgrce of accuracy? How 
should the units in the samples be chosen? These 
are the points which involve statistical investigatiem 
of the extent and nature of the variations among 
different units of the material in (lucstiou. There may 
be variations within a unit, between units in the same 
consignment, between different consignments from 
one source of supply, between sources of supply, and 
between batches supplied at different seasons ; it wdll 
then be seen that the problem is in general very com- 
V^lex, and may involve a highly specialised statistical 
technique as well as a technical knowledge. Clearly, 
at this stage sound judgment, coupled wdth a know- 
ledge of the production process, is needed as distinct 
from a mere knowledge of the statistical technique. 


It will be necessary, lf)0, to take into account 
both statistical principles and technical considerations 
in deciding on the degree of accuracy or (uniformity) 
that is to be required of a specification. The more 
accurate the specification, the greater would be the 
cost of testing, for larger samples would be reciuircd. 
Now if the .sanqding process were repeated, the 
measures W’ould vary from one SLUiii)le to another, and 
the only method of assessing this variation and deter- 
mining the reliability of the estimate obtained from 
a single .sample is the statistical method. 

Control of cpiality : It has been mentioned be- 
fore that if the variation among the individual units 
is considerable then it may be an iinjiracticable pro- 
position for consumer to le.st sufilcient individual 
articles to give him the desired degree of information 
regarding the consignment. Therefore the evidence 
that the definite methods of statistical analysis are 
applied by the producer during the i>rocess of manu- 
facture to assess the level of liis control of quality is 
needed. This evidence coupled with check tests of 
the finished product on a smaller scale (than what 
would be required if finished products alone were 
sampled and tested) ^atisfies the specific needs of the 
consumer. Moreover, this procedure of maintaining 
control of quality during manufacture helps the pro- 
ducer in improving the efficiency of production. 

Research in Industry : In Kiigland and America 
a large part of the work of the scientists in industry 
consists in conducting e.xiieriments to find the effect 
of variation in one factor on another. A research 
laboratory is attached to most of the important indus- 
trial concerns to inciease the efficiency of British 
Industry both as regards its (iiiality and (juantity. 
Stalihiical principles are utilised in designing the cx- 
perinient to be conducted in the laboratory. 

In India unfortunately the efficiency of indus- 
trial production is definitely below iiar. In order to 
hold its own against international com])etition which 
is bound to be more acute in the near future, she must 
adopt recognised scientific methods and initiate scien- 
tific researches in every important industrial concern. 
Statistical help in this respect is essential for planning 
of experiments. 
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PROFESSOR J. N. MUKHERJEE 


have great satisfaction to record the news of 
the ai)i)()iiitnieiit of Dr J. X. Miikhcrjec, D.Sc., 
C.H.Ii., Gliosc Professor of Chemistry, 
Univei^ity College of v^'cieiice, Calcutta, as Director 
of the Imperial AMiciiltiiial Research Institute, New 
Delhi, ill succession to Rao Bahadur B. Viswa Nath, 
the former l.irejtor. We understand that Prof. 
Mukherjee will join his new post from the middle 
of October, 1945. 

Prof. ■Mukherjee is a distinguished chetnist of 
India and lias establ shed international reputation in 
the held of physical chemistry, particularly in colloid 
chemistry and soil science. 

After obtaining tlie blaster’s Degree in Cheniis- 
Iry in 1915, Mr J. X. Mukherjee and Mr (now Sir) 
J. C. r.hosh joined in Seiiteiiiber of the same year the 
newly established riiiversity College of Science as 
Assistants to the Palit Professor of Chemistry, the 
late Sir (then Dr) P. C. Ray. In 1917, when the Post- 
Graduate classes in Chemistry of the University of 
Calcutta were organised, he became a Lecturer in 
Chemistry. In 1919 he went on a study leave to 
I.ondon and worked in the Ihiiversity College in the 
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laboratory of Professor F. G. Donnan, C.B.E., 
F.R.S. and was awarded the Degree of Doctor of 
Science of the I'niversity of London in 19:^1. On his 
return tf) India in 1021, he was appointed the Guru- 
prasad Singh Professor of Chemistry of the Univer- 
sity of Calcrtta and in 1937 he became the Ghose 
Professor of Chemistry of the University. He has 


thus been associated with the University College of 
Srieiice for almost exactly thirty years. 

He began his researches on colloids in 1914 
while he was a student in the Presidency College, 
Calcutta, thus initiating researches in this subject in 
India. His researches mostly lie in the field of 
colloids, especially the eLctrochemistry of colloids, 
and he is considered to be one of the foremost tvorkers 
in this field. The late 1 rofessor R. Zsigmondy, Nobel 
prize winner and discoverer of the ultramicroscopc, in 
his well known text book on colloids wrote that along 
with Bredig, Michaelis Fajans and Freiindlich, he 
{Mukherjee) is one of the builders of this subject. 
Professor Mukherjee has built up, as is well known, 
an active school of research in Physical Chemistry, 
Colloids and Soil Science in the University of 
Calcutta. Amongst those of his students and colla- 
borators who have made fundamental contributions 
in their respective branches are Dr 8. G. Chaitdhiiry, 
Dr S. K. Majumdar, Dr B. N. Ghosh, Dr K. Krishna- 
miirti. Dr J. K. Pasu, Mr S. N. Mukherjee, Dr S. P. 
Ravchaudhiiri. Dr R. P. Mitra, Dr B. Chatterjee, 
Dr N. C. Sen Gupta, Mr S. K. Mukherjee, Dr II. K. 
Acharya, Dr N. P. Datta, IMr M. K. Indra, Mr. B. 
R. Majumdar and others. 

In appreciation of liis scientific work on certain 
fundamental problems relating to the production of 
oil, the Bitrmah Oil Company made a donation of 
Rupees thirlyfive thousand, which has been utilised 
for building the Colloid Research Laboratory in the 
University College of vSeience, and the University 
granted an etiual amount for its equipment. 

He has been actively associated with the founda- 
tion and development of a large number ol 
scientific organisations in the country, such as the 
Indian Chemical vSociety, the Indian vSociety of Soil 
Science, the Indian Science Congress Association, the 
National Institute of Sciences of India and the Indian 
Association for the Cultivation of Science. 

lu 1935 he attended the Third Congress of the 
International vSociety of Soil Science as the leader of 
the Indian delegation. He has been a member of the 
Soil Science Committee of the Imperial Council of 
Agricultural Research since its foundation and is a 
member of the Policy Committee on Agriculture and 
Forestry of the Reconstruction Committee of the 
Viceroy’s Council and of many other scientific com- 
mittees of the Central Government, Government of 
Bengal and other bodies. He has wide experience of 
administration, financial and otherwise, of educational 
and scientific bodies. 

He was one of the members of the Indian 
Scientific Mission that recently visited the U. K., 
the U. S, A., and Canada. 

He was created a C. B. E. in 1943 . 
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EXCERPTS FROM PRESIDENT TRUMAN’S REPORT ON 
THE ATOMIC BOMB 

Thk following excerpts from the report of 
President Truman on the Atomic Bomb submitted 
before the American nation immediately after its use 
against the Japanese put on record tlie great efforts 
made to harness the nuclear energy for destructive 
purposes and her altitude towards its utilization in 
war and in i cace. 

“Sixteen hours ago an American airplane 
dropped one bomb on Hiroshima, an important 
Japanese army base, 'riial bond) had more power 
than 2o,o'Jo tons of TNT. It had more than 2,000 
limes the blast power of the British ‘Grand v^lam\ 
wliich is the largest bomb ever vet used in the hi.slorv 
of warfare. 

It is an atomic bomb, ll is a harnessing of the 
basic power of the universe. The force from which 
the sun draws its i)ower has been loosed against those 
who brought war to the Far Imst. 

Before 19.- 9, it was the accetited belief of 
scientists that it was theoretically possible to release 
atomic energy. But no one knew any practical 
method of doing it. 

By ioi2, howev'er, we knew that the Germans 
were working feverishly to find a way to add atomic 
energy to the other engines of war with which they 
hoped to enslave the world. But they failed. ^ 

Beginniiig in iQ.io, before I'earl Harbor, .scientific 
knowledge usc''ul in war was iiooled between the 
United States and Great Britain, ami many priceless 
hefiis to our victories have come from that arrange- 
ment. Under the general polic\' the i\^earch on the 
atomic bomb was begun. \\ ith .\mcrican and 
British scientists working together we entered the 
race of discovery against the Germans. 

The United States had available the large number 
of scientists of distinction in the many needed areas 
of knowledge. It had the tremendous industrial and 
linancial resources necessary for the project and they 
could be devoted to it without undue impairment of 
other vital war work. 

In the United States the laboratory work and the 
l^roduction plants, on which, a substantial start had 
already been made, would be out of reach of enemy 
bombing, while at that time Britain was exposed to 
constant air attack and was still threatened with the 
possibility of invasion. 

For these reasons Prime Minister Churchill and 


President Roo'cvelt agreed that it was wise to carry 
on the project here. W't* now have two great plants 
and many lesser works devoted to the production of 
atomic power. Kni; loyineiit during ]Kak construction 
numbered i25i‘)<‘<-> and over ().s,(U)o individuals are 
even now ergiged in o];eraliiig the plants. Many 
have worked there for years. I'ew know what 
they have been producing. They see great cpiantities 
of material going in and they see nothing coming out 
of these plants, for the physical M/e of the explosive 
charge is exceedingly small. 

We have si)cnt $2,000, 000/ o j on the greatest 
scientific gamble in history and won. 

But the greatest marvel is^ not the size of the 
enterprise, its secrecy or its cost, but the achievement 
of scientific brains in putting together infinitely 
complex pieces of knowledge held bv nianv men in 
different fields of science into a workalde plan. And 
hardly less marvellous has been the capacity of 
industry to design, and of labor to operate, the 
machines and methods to do things never done liefore 
so that the brain child of many minds came forth in 
physical shape and performed as it was supposed 
to do. * * * 

It is doubtful if such another combination could 
be got together in the world. What has been done 
is the greatest achievement of organized science in 
history. It was done under high pressure and with- 
out failure. 

Wc are now prepared to obliterate more rapidly 
and completely every product ivi* enterprise the 
Japanese have above ground in anv idtv. Wc* shall 
destroy their docks, their factories and tlieir coin- 
iiiuiiications. I.et there be no mistake ; we shall 
completely destroy Japan’s power to make war. * * * 

The fact that wc can release atomic energy ushers 
in IV new era in man’s understanding of nature’s 
forces. Atomic energy may in the future supplement 
the i)ower that now comes from coal, oil and falling 
water, but at pr^sriit it can mt be produced on a basis 
to compete with them commerciallv. Before that 
comes there must be a long period of intensive 
research. 

It has never been the habit of the scientists of 
this country or the policy of this Government to with- 
hold from the world scientific knowledge. Normally, 
therefore, everything about the work with atomic 
energy would be made public. 

Put under present circumstances it is not in- 
tended to divulge tlie technical processes of production 
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'Dr all tlic military applications, pending further 
examination of possible methods of protecting us and 
the rest of the world from the danger of sudden 
destruction. 

I shall recoin lueiul that the Congress of the 
United States consider promptly the establishment 
of an appropriate cointnissioii to control the produc- 
tion ami use of atomic power within the United 
Slates. I shall give further consideration and make 
further recommendations to the Congress as to how 
atomic power can become a powerful and forceful 
influence towards the maintenance of world peace.” 

The triumphant tone of President Truman in his 
country’s ability to almost wipe out of existence two 
industrial and iini>ortant cities of Japan makes a sad 
reading. The development of a jirocess with which 
to utilize the nuclear energy certainly marks a new 
era in the history of .science, but its thoughtless use 
against millions of i)caccful civil population, with 
such widespread slaughter, confounds humanity today. 
Recently Prof M. 1 {. Cliphant, of Hirmingham Uni- 
versity, strongly condemned the way in which the 
bomb had been used. The bomb, according to him, 
should not have been dropped on a city ; one of the 
islands of Tokyo Ha}' used as a normal base should 
have been wiped out instead, after intensive pro- 
paganda warnings. 

n is highly iin])robable that the United States 
would be long able to en*oy the privileged position 
now derived from her control of the secrets of atomic 
bomb. Only the other day Marshal Stalin asked the 
Soviet scientists to pool all scientific and technical 
resources to niaiuifacturc the bomb. Prof Oliphaiit 
believes that any industrial country can have the 
bomb in five years and any determined indmsirial 
country in two years. 

It is for this reason that the cessation of hosti- 
lities has not filled luimauity with fresh hope, security 
and insi^iration. 

DAMODAR VALLEY PROJECT 

A NUMBER of important decisions with regard to 
the unified and multi-purpose Damodar Valley Deve- 
lopment project were taken at a conference between 
the Central Ciovcriiment and the Oovcrnnienls of 
Bengal and P-ihar, held at Calcutta towards the end 
of August, and presided over by the Hon ’hie Dr B. R, 
Ambedkar, Labour Member to the Government of 
fndia. It w^as agreed that the scheme should provide 
the maximum measure of flood control. The confer- 
ence discussed the technical aspects connected with 
the three dam sites at Aiyar and Sonalapur on 
the Damodar River and at Maithon on the Barakar, 
suggested so far, and decide<l that fiirther investi- 


gations were necessary before starting actual con- 
struction work. The Central Technical Power 
Board has been authorized to prepare project 
reports for each of these dam sites and has been 
instructed, in the case of Sonalapur, to deal with 
possible effects on coal production. The Central 
Government would provide the necessary staff to carr\ 
out further investigations under the technical direc- 
tion of the Board. 

It was decided that the Government should invite 
four American engineers to advise on the design 
and construction of the dams early next year, b}- 
which time the retpiired data arc expected to be 
collected. 

It was already agreed upon that the administra- 
tion of the project would be finally vested in a 
Damodar Valley Authority to be constituted after the 
model of the T. V. A. During the interim period, 
however, a high ranking administrative officer would 
be appointed to co-ordinate all iireliminary action and 
for expediting investigations connected with the i)n)- 
posed project. 

Investigation on the clam sites should have in 
view not only flood control, l)Ul all allied problems 
of a river in harness, such as the utilization of 
the water for irrigation, development of power 
including .setting up of niiiscry stations, anti-erosion 
works, navigational, geological and water supi>ly 
a.spects of the scheme and the layout of transmission 
lines. 


CENTRAL TECHNICAL POWER BOARD’S 
RECOMMENDATIONS 

The Central Technical Power Board, in pur- 
suance of a YCM bit ion adopted at the conference hehl 
in January, and already reported in Science 
Culture (Vol. X, No. 8), prepared a preliminary 
memorandum reconnneiuling the construction of a 
series of reservoirs providing flood control, irrigation, 
hydro-electric power and thermal power stations in- 
terconnected by Iraiisinission lines. The Board 
suggests the building of a system of eight dams and 
a barrage, of which seven dams will be used for 
hydro-electric purposes. All of these will, however, 
be provided with hydro-electric generating plant. Tlic 
aggregate controlled reservoir capacity would he 
about 4,700, coo acre-feet. The amount of reservoir 
capacity, reserved for flood control purposes, would 
reduce the maximuni design flood to a flow of about 
250,000 cusecs at Rhondia. 

The plan would provide for perennial irrigation 
of about 760,000 acres, including the 186,000 acres 
now partially irrigated. It will also make availiilde 
ample supply of water for domestic and industrial 
.'.purposes 
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Studies indicate that the combined development 
should make available about 65,000 continuous 
kilowatts of ])riniary hydro-electric power and an 
additional amount of iiitermitleiit or seasonal ])ovver 
ui) to a further 65,000 kilowatts. 'I'lie memorandum 
draws attention to the necessity of combining the 
hydro-electric plants which would contain about 
200,000 kw. of generating capacity, with some 
150,00:) kw. of thermal generating capacity in large 
modern units. After allowing for losses the system 
would be capable of meeting a maximum demand 
approaching ;.oo,ooo kw. making available about 1,420 
million kw-hrs. annually of which 800 million will 
l)e from hydro-electric installation. The average cost 
of a unit is expected to be one fomili of an anna. 

It is estimated that the capital expenditure in- 
V()lved in the project would be about Rs. 55 crores. 
Financially, the project would be self-liiiuidaliiig and 
is a successful economic propo.sition. It will vitally 
affect and reorientate the lives of about 5 million 
])ersons living in the Valley and al)ont 2 million 
l)ersons living in urban areas. 

FAMINE ENQUIRY COMMISSION’S REPORT— II 

Tii.vr the v'statr sbonld recognize its ultimate 
obligation to ensure food supply sunicieiil to main- 
tain health not for some people in extreme emer- 
gencies but for all tile people for M time to come is 
the main principle affirmed by the Famine Enquiry 
Comiiiission in the second part (»f their re])ort just 
published. During the past 100 years, the Govern- 
ment of India ha\e accepted the respon.sibility of 
l>rcveiiting uidespread deallis from famine, but they 
have so far refused to accept further obligation of 
taking every possible ste]) not only to prevent starva- 
tion but to improve nutrition and create and main- 
tain a liealtli) and vigorous population. 

The report surveys tlie food problem, the 

causes and remedy of scarcity of ff)od stuffs prevailing 
in all parts of India cxcej)! I.T*ngal, on which a 
sei)arate report was published earlier (See SciKNCK 
\.M) CiTi.TURK, X, p. 511), and suggests the lines of 
a food policy designed to avoid famines in future and 
to imi)rove the diet of the i)eople for a better standard 
of health. It deals with the Indian food problem in 
relation to the agricultural and economic coudilions 
in the country and makes recominendalions for raising 
the standard of living of the va.st majority of InduFs 
growing i)(>i)ulation. It estimates that jiopulation 
niight increase b\" 100 millions in the next 25 years 
;»nd discusses its bearing on food supply. 

The commissi oners believe that enough food can 
he produced in India to maintain a larger population 
'•n an improved diet. Tlie cardinal aim must be to 
‘itiain self-sufficiency in cereals whose prices must not 
•v allowed . to. fall below aii.asteed tniuiinuiii. They 


consider it more [iractical to concentrate on increas- 
ing crojis than on controlling population and they 
hold that, as in other countries, a fall in India’s Inrth- 
raU* is likely to follow and not i>recede economic 
betterment which must lake place iirimarily through 
rehabilitatinn of agriculture. 

Increased attention to inigalioii, fertilizers, lU'o- 
lecliun again^l pests, improved varieties of seed, re- 
searcli, liveMock imiiroveinent and diversilicalion of 
crops is recommended. Imiiroved implements, more 
geiieial inechaiii/.ation and particularly the u.se of 
sin.dl tractors are proposed. 'I'liey have considered the 
]>roblem uf agricultural h()lding>, fragiiieiUatioii and 
the different forms of tenure. 'I'lic commission as a 
whole recommend another emiuiiv into the penna- 
nelil settlement. 

Reliable information on siu-h \itall\ iiiii>ortaiil 
malteis as the aereage and progress of crojis could 
not be compiled owing to lack of staff. With regard 
to nutrition, the commis.sion recommend an increase 
of 2«i(.) to 250 per cent of fats and oils. ( )n the tjues- 
tion of milk, the (Mimniission cim^ider that there is 
no immediate prospect of an increase in ]>rodiiction to 
'•uch an extent that it can be a regular article of diet 
consumed in adeciuate quantities by the poorer classes 
in the greater part of India. 'I'lie coniniissir)!! di.scu.ss 
the jilace of potatoes, sweet potatoes, tai>ioca and 
plantains in the agricultural economy of the country. 

In a minute of dissent, Mr Af/al Hussain says 
that overemphasis on cereals is misplaced. It gives 
an exaggerated and unnecessary im]H>rlauce to this 
>ource of food, and such a polic>' will be a serious 
f)bstacie in the i)alli of satisfactory solution f)f the 
food problem of India so far as concerns the liealili 
and piivsical eflicieiicv of the i)eople. India cannot 
continue in the traditional rut, basing her food 
economy on cereals. Other countries have shifted 
over t«) tubers, and there is no reason, he believes, 
wliv India should nf)t do the same. 

Sir Manilal 11 . Nanavali, in his dis.seiilieiit note, 
^ays that lesolnle action is needed to reform India’s 
agrarian economy. The objectives of such action 
Miould include tlie following ; All lands should be 
owned by ('loveriimeiit, the intermediate feudal 
interests should be removed ; occupancy rights should 
be given to cultivators with certain reservations such 
as restrictions as to sub-division of the i>lot, transfer 
of land etc. ; these lioldings should be economic units 
and should be as far as possible in one Idock ; the 
land should be cultivated by the man who owns it 
and the holdings should be taxed on a graduated 
scale. He further urges the necessity for an early 
abolition of the ])ermanent settlement. 

The commission liiially hopes that this would be 
the last of famine commissions and the first of a 
series of food connnission in India. 
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EXPANSION OF RAILROADS IN AUSTRALIA 

Wc iindc-rstaiid that plans are being made to re- 
build the wliole of Australia’s networks of railroads. 
Seven great railway systems arc concerned in a 
scheme to link six different gauges in one chain, 
while still opeialing under separate governincnlal 
managements. 

Tile work has been blue-printed in two phases, 
llie first and ino.st important one involves conversion 
of 8,470 miles of existing track, and construction of 
r,6oo miles of new lines, at a cost of about Rs. 76 
crores. It includes building of 578 locomotives and 
26,000 items of rolling stock, supply of 850,000 tons 
of steel for rails and fastenings, and metal sleepers, 
12,000,000 timber sleepers, and 26,000,000 super feet 
of sawn timber. This work w ill occupy tlie eijuivaleiit 
of 105,000 man-ycars. 

The unification of the secondary rail networks 
with the main trunk routes is planned under the 
second jihase of the scheme, which has not yet been 
workecl out in great detail. 

The total amount to be Sjieiit on staiidardi'/ation 
aiitl modernisation has been roughly estimated at 
Ks. 224 crores, which is nearly equal to one-tenth of 
Australia’s oNpenditure on war. The work will be 
spread over ekveu years, unless it is decided to 
(luickeu the programme. 

COAL CONSUMERS ASSOCIATION 

\V\f are glad to learn that a Coal Consumers 
Association lias been formed at a recent meeting of 
the representatives of the industrial consumers of 
coal, both to safeguard the interests of consumers and 
to instil in the jaiblic a higher ajqireciation of the 
necvvssity of coal conservation and fuel economy. 

During the nine years that have passed since the 
aiipointnienl, by the r,overnment of India, of the 
Coal ^jining Committee in 1056, the coal situation 
in India has steadily deteriorated through exhaustion 
of certain mines \ ielding coking and other coals, and 
the misuse of metallurgical coking coal for industrial 
and locomotive steam raising purposes, for export and 
bunkering etc. The growing scarcity of good and 
second class cc^al, to certain extent necessitated by 
shortage of wagons, has now culminated in a serious 
coal famine leading to the closing down of several 
factories. The present controlled prices of Bengal 
and .Jharia coal vary from Rs. 12 to Rs. 15 per ton 
at the pit. It is apprehended that ])rices may go up 
to Us. 28 to Rs. 50 on the removal of control after 
the war, owing to increased demand for coal for in- 
dustrial purposes. The present annual production of 
about 22 million tons falls far short of India’s esti- 
mated post-war requirement of about 35 million tons 
of coal per year, and there is little prospect of in- 
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creasing this production beyond 22 million tons, as 
past experience amply shows. 

A strict and judicious policy of conservation 
appears to be the only solution of the serious coal 
famine that has already been set afoot. The newly 
created Association, we trust, can do much to mini- 
mize the effects of the crisis in the coal situation and 
protect the interest of the consumers by representing 
to riovernment and the public the consumers* point 
of view with regard to (piestions affecting coal, such 
as prices, prmluction, railway freights, wagon facili- 
ties etc. 

Mr D. C. Driver of the Tata Iron & Steel Co. 
Ltd. has been elected President and Mr H. Thorton 
of AFessrs. Indian Iron & Steel Co. Ltd., Vice- 
President of the Association. The office is situated 
at Security House (2nd Floor), ro2-A, Clive Street, 
Calcutta. 

INDIAN CENTRAL COCONUT COMMITTEE 

In.vuguratinc, the fifth all-!iulia commodity com- 
iiiiltee in Trivandrum 011 20th April last, Mr II. R. 
Stewart, Vice-chairman, Imperial Council of Agricul- 
tural Research, stressed the importance of the cocomil 
industry to the sinitherii ])art of the west coast of India 
that had not received the stimulus of research and 
specialized and expert attention so far. He saM, 
“To-day there is an acute shortage of copra and coeo- 
nut oil, and India which used to be one of the chief 
sources of supply for world markets has now not only 
cea.sed to export either copra m* oil but, owing lo llh- 
increased industrialization of the country, has lo iin- 
I)ort considerable (|uantities of these j)roducts from 
outside sources. The need is urgent and the time 
opportune to initiate concerted measures for iiilensi- 
fication of production, for b.etter utilization of coconut 
and coconut products and for rehabilitation of the 
industry, which in the past appears not to haw had 
full .scope for development owing lo competition from 
imported products.” It is for the Indian Central 
Coconut Committee to initiate and carry throngli 
measures essential for attaining these ends. 

Sir C. P. Ramaswainy Aiyar, Dewan of Tra van- 
core, announced at the meeting that, if in excess of 
the income from the cess, any funds were recpiircd 
for research work, the Oovernment of His Highness 
the Maharaja of Travancore would be prepared to 
bear 50 per cent of such additional expenditure. This 
is indeed encouraging. It is understood that Ahvayv 
has been selected as the headquarters of the com- 
mittee. 

INDIAN CENTRAL OILSEEDS COMMITTEE 

A BILL providing for the creation of a fund to 
finance research in oilseeds by means of a cess at a 
rate not exceeding one anna a maund was referred to 
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a select committee by the Central Assembly in April 
last. 

Introducing the bill, Mr J. D. Tyson pointed out 
that levy of the cess at the niaxiinuin rate would 
fetch a revenue of about rupees 24 lakhs. India pro- 
duced one-fourth of the world's riilseeds before the 
war. Much more use could have been made of our im- 
mense resources in oil seeds by the introduction of 
new methods, new industries and by an improvement 
of those already established. A co-ordinated i)ro- 
grainme of research would prove helpful to the 
grower, manufacturer and the consumer. 

The fund would be administered by a committee 
wliich would include the Vice-chairman, I. C. A. R., 
five representatives of tlie Central (Government, .seven 
repre.sentatives of the provincial Kovernment, one re- 
presentative of the interested State (Govermnents, 
fifteen representatives of growers, seven representa- 
tives of the industry, eight of trade and commerce, 
three of consumers and five, representing miscellanc- 
t>us interests. 

We welcome the decision to constitute the oil- 
seeds committee, but we have to [loint out that the 
committee as proposed to be constituted lias no re- 
presentatives of Universities and other non-official 
scientific bodies, where research work is being con- 
ducted on the various aspects of oilseeds. 


ROAD BOARD FOR JNDIA 

PRKSimNd at the annual meeting of the Indian 
Roads and Tran.sport Ueveloiinieiit Association at 
Rombay, Mr T. R. S. Kynnersley stre.ssed the vital 
role that road construction must play in both the 
iinniediate and long-term asiiects of i^ost-war recon- 
struction, the desirability of having an indeiiendciit 
Road Board with adequate pow’ers and the authority 
and the need for strengthening the Central Road 
Executive with sufficient funds and staff. Without 
adequate development of roads, vast spaces of India 
are practically dead and adequate rural developincnt 
can never be achieved. 

The construction of new roads will so much assist 
in reducing transport costs, in increasing agricultural 
output and in changing over cultivation to money 
crops, including fruits and vegetables, that for every 
Rs. 100/- spent annually on road construction and 
maintenance the coniiminity will benefit ' by an in- 
creased annual income of Rs. 277/-- 

India, with an approximately 1,580,000 sq. miles, 
1ms only about 74,o"o of metalled roads and about 
226,000 miles of unnietallcd tracks, by courtesy 
designated roads. The proportion of road mileage 
here works to about 35 miles i.)er 100 sq. miles as 
J*Kainst 200 in the U. K. and about 100 in U. S. A. 


In U. K. and U. S. A., all the roads arc melallcd, 
whereas in India the greater portion of the roads in 
the interior are mud tracks almost impassable to 
wheeled traTu' during monsoon ])eriods. 

It is estimated that to build new melallcd roads 
18 ft. wide would cost about Rs. 10,000 per mile, 
and at least 3 0,000 miles of new' metalled roads arc 
necessary at a InUd cost Us. 303 crorcs for the 
proper devclo])meiil of the country. In addition, 
226,000 miles of uiimetalled roads would involve a 
total cost of Rs. 1 13 crores. 


TRAINING IN BOTANY, ZOOLOGY AND IN 
ANTHROPOLOGY 

Thk (Government of India have decided to in- 
stitule with effect from the current year a course of 
iwclimiiiary l)asic training in Systematic Botany and 
Taxonomy at the herbarium of the Royal Botanic 
(Garden, Sib))ur and in the vSyskinatics of Zoology 
and in Anlhroi)ology at tlic Zoological Survey of 
India. Six such post-graduate research students will 
bo selected in Totany (3 for training in higher plants, 
one in mosses and ferns, one in algae and one in 
economic bf)taiiy), fimr in Zoology and two in Anthro- 
pology every year. Rccruitiiiciit w’ill be effected in 
consultation with the various Iiidiilii Universities, and 
the students selected will be paid a stipeiul of Rs. 150 
per mensem each during the course of training, 
which will ])e spread over for a period of two years. 

No guarantee of cmjdoyinent on the completion 
of Ihcir training is given, I ut an attempt will be made 
to provide tlieiii w'itli suitable employment in the 
Botanical Survey, the Zoological Survey and perhaps 
in the i>rov)osed Anthropological Survey of India. 
Such students as show a marked proficiency in re- 
search during the course of their training may be 
selected by the Government for higher training 
abroad. 

We luive discussed at length the subjccl of ro 
organi/.ation and expansion of the Botanical Survey 
and ])OSsil>i lilies in the exploration of the ilora of 
India in a leading article of our vSeptember issue. We 
arc not aware as yet of the (Goveriimcnl of India’s 
future policy with regard to this important Survey. 

It has been recently estimated by a former 
Government official that, as a result of 07 yeans* w’ork 
carried out by officers of the (Geological Surve}^ of 
India, an average of 500 sq. miles can be accurately 
surveyed each year, and that the average service in 
the field is about to years per gufffogi.st. Roughly 100 
geologi.sts in all have been so far employed since 
1846 so that theoretically only 5: 0,0 :o sip jnilcs could 
have been examined in any detail during the time, and 
there remains over a million sq. miles to scnitinize. 
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On the iKisis of this calculation, the position of 
the llotanical vSiirvcy is still worse and hence the 
Oovernnieiit of India’s i)roposal to train 6 botanists 
per year in Systematic Potaiiy and then, without any 
oblij^ation, to provide them with employment and 
facilities for the survey of Fiulia’s flora is a lukewarm 
support in their plans for i»ost-w’ar reconstruction of 
this survey and more so when it has been found pos- 
sible to strengthen the (ieological Survey with about 
22 additional (Geologists immediately. The (Govern- 
ment of India have drawn u]) a scheme to expand the 
(Geological Survey of India to Iicli) exploration of the 
country’s mineral and water resources and assist post- 
war economic development. I'lie preparation of a 
geological map which will provide the basis for all 
other geological work is envisaged in the scheme. 
Importance is given to mineral development and 
economic geology. 

As a first step, the existing mapping circles will 
be increased and two new circles for mineral develop- 
ment and engineering geology will be added with 
expert staff both Indian and foreign. 

'rile advice of the Survey will be made available 
to provincial (Governments, Indian vSlates, commercial 
bodies and the public. 

We arc also not aware as to who are going to 
train these trainees and the nature of the training 
proposed to be given. But we know that the 
Botanical vSurve>' has to its credit only 2 officers 
helped by 2 officers of the Bengal (Government, all 
of whom are fully occupied with routine work. The 
basic training in Systematic Botany and Zoology are 
given in several Indian Universities and hence we arc 
of the opinion that the (Government of India should 
revise their decision and recruit at least a dozen ex- 
perienced and able botanists who are experts in the 
ilifferent groups of plant life and seriously commence 
the work of exploration of the Indian flora without 
any further delay. 

NATIONAL PLANNING COMMITTEE 

A MiUCriNU of the National Planning Coniinittee 
was held at Bombay recently, Pandit Jawaharlal Nehru 
presiding. It was agreed that the Committee’s work 
must be continued and that there was a need for a 
central organization of this kind to keep alive in the 
country the idea of the necessity of bringing about 
planned economy. It w^as further decided to review 
the ■qiie.stion of planned economy in the light of the 
changes due to war conditions. The past five years 
have worked great change in peoi)Ie’.s minds and 
forced them to think in terms of large scale planning. 

Fresh- directions would be given to the sub- 
committees for revising their reports. The various 
plans for national planning placed before the country 


would be reviewed with a view to speeding up produc- 
tion and organizing distribution in such a way as 
to bring about the maximum increase in the standard 
of living of the people within a minimum t)eriod of 
time. 

Much of the requisite data for planning is iiol 
in existence and such as exists is not made available 
to the public. (Government reports have not been 
publishetl for a munber of years and the materials 
collected by the various panels ai)pointed by the (Gov- 
ernment are wholly inaccessible. I'he release of 
statistics and other information for the use of the 
National l lanning Coniinittee was further demanded 
by Pandit Nelirii. And be urged that there must he 
a people’s Nalional (Government in order to plan. 

It may )>c recalled that the National Planning 
Committee was appointed by the President of the 
Indian Nalional Congress in October 1938, with 
Pandit Jawaharlal Nehru as chairman, and it ajipoiiit- 
ed 2t) sub-committees, held a numlier of discn.ssioiis 
and framed resolutions for the eeononiic and social 
regeneration of India. Its activities were terminated 
in 1941 owing to the incarceration of the chairniaii. 

The cfinimiltee will hold its next meeting on 
November b in Bombay. 


NEW PRINCIPAL OF THE GOVERNMENT SCHOOL OF 
ART, CALCUTTA 

Mr Alul Bose has recently been appointed Hrinci* 
pal, (Government School of Art, Calcutta. It was the 
late Sir Ashntosh Mookherji w ho first recognized his 
artistic talents and the Calcutta University awarded 
him ‘(Gurupra.saiuia (Ghosh Scholarshi])’ in 192.^, that 
enabled him to study at the vSehool of Fainting, Royal 
Academy of A^-ts, London. 

After his return, he served for sometime as ilu* 
teacher in charge of the Fine Arts section, (Govern- 
meiit School of Art, Calcutta, hi 11)30, he was coin- 
missioned by the (Government of India to paint the 
Kcyal Portraits for the V^iceroys House after the 
originals at Buckingham Palace and Windsor Cu'^lle. 

It was through his efforts that Calcutta saw in 
1933, the inauguration of the Academy of Fine Arts. 
The Calcutta liniversity recently published a treatise 
written by him entitled “Verified perspective*’. 


LATE DR STANLEY W. KEMP 

Wr regret to record the death of Dr Stanley M • 
Kemp, Sc.D., F.U.S. F.R.A.S.B., Director of the 
Plymouth laboratory and Secretary, Marine Biologi- 
cal Association, U. K. He served the Zoological 
Survey of India from 1910 to 1924 as its Superinten- 
dent and rendered distinguished services in stimulat* 



October, 1945 


isToTK,'^ AKn NKWS 


1.81 


ing research in marine hioloj^y in India, Great Hritain 
and elsewhere. 

Dr Kemp specialized in the stud\- of Crustacea 
and wrote his well known ‘Notes on DecaiJoda in the 
Indian iMuseiiin’, a valuable series of publication. 
He led several expeditions to study the fauna in 
different parts of India, including the Abor expedition 
in iQiT-12, and in 1022, carried out the ex])lorations 
of Siju Ca\>es in the (hiro Hills. 

In igi8, he compiled for the Asiatic Society of 
Hengal the important “Catalogue of Scientific Peruxli- 
eals in Calcutta Libraries**, which is still the only 
reference book on scientific ])eriodicals available in 
Calcutta. Dr Kemp was very keen on establishing a 
marine biological station in the Andaman Islands. vSo 
great was his interest that in ig2o he visited the 
l>rincipal marine biological centres of Kurope to 
gather first hand knowledge of their organi/ation and 
working, obtained the allocation of a site, and also 
completed plans and estimates for such a station, 
which were also approwd by the Hoard of Scientific 
Advice to the Government of India. Hut the scheme 
was ultimately shelved and did not materialize for 
reasons of financial stringency.. 

Kemp was appointed director of research to the 
riscovery Committee in 1024, which organized an 
oceanographical survey of Antarctic waters and was 
responsible for the establishment of the Marine Bio- 
logical Station at South (k*orgia, mainly for direct 
observation on whales. He sailed in the nisanu ry I 
1 1025-27) and Hiscovery II (1020-51). The Discovery 
Reports, the first volume of which appeared in 1020, 
bear testimony to the high standard of his work. 

He was for sometime an honorary secretary, 
Linnean vSociety, Loiuhm, and in received the 

Victoria ^ledal of the Royal Geog raj ducal Society. 
During the war, his advisory activities in the Colonial 
Fisheries Advisory Committee and the Knglish and 
Scottish Fisheries dcviartments were of great value. 
He also sponsored investigations on* seaweeds which 
arose from the war-time need for alginic acid. 

ALLIANCE BETWEEN INDIAN INSTITUTE OF SCIENCE 
AND THE IMPERIAL COLLEGE OF SCIENCE, LONDON 

In a letter addressed to the editor of The Times, 
Mr R. V. Southwell, Rector of the Imperial College 
of Science & Technology, refers to an alliance just 
concluded between his college and the Indian Institute 
of Science, Bangalore. The proposal was first made 
lo its Director, Sir Juan Chandra Ghosh, during hia 
visit to the U. K. in autumn last as a IMembcr of 
the Indian Scientific Delegation. Its formal accept- 
ance had to wait his return to India. There has been 
no attempt to define the terms of this concordia 
*micahilis, and this freedom from terms is expected 


to lead to greater real benefits. It is reasonable to 
expect, as Mr Southwell writes, that scientific liaison 
within the em]»ire w ill be closer in future than in the 
past, and P) the stall and the .students who may be 
able to “exchange** between vSouth Kensington and 
Bangalore, it will mean much to find awaiting them 
the normal privileges of the common room and to be 
welcomed not as visiPu's but as colleagues. 

Cordial i\*lation>hi]> already exists between these 
two institutions, and there are records of scieiiti.sts 
having .served bolli the institutions. For in.stance, the 
late Sir Marlin Forster who was appointed Director 
of the Institute in 1022 had served the Royal College 
of Science from 1805 to 1015. The new’ alliance, it is 
hoi)ed, will lead to closer and more numerous ties 
between these institutes in the vears to come. 

ENHANCED MEMBERSHIP AND 
SUBSCRIPTION FEES 

Wk owe our readers a word of explanation re- 
garding the decision of the Council in favotir of in- 
creasing the membership and subscription fees with 
effect from vSeptember 15, 1(^45. Consideration of the 
wi<lest possible dissemination of scientific knowledge 
and information during the serious war-time black- 
out of foreign scientific news weighed so heavily on 
us that we strictl\’ refrained so far from increasing 
the membership and .subscription fees despite repeated 
suggestions. Meanwhile the cost «)f pai)er, block- 
making, printing, etc. has gone on increasing, and 
there is no immediate prospect of prices coming 
down to pre-war level. We have made every effort 
to maintain the get-uj) of the journal notwithstanding 
serious war-time limitations and are now determined 
to further improve it through use of better (piality 
impel* gradually released in greater quantities for 
civilian consumption. This means, of course, in- 
creased expenditure. Indian vScience News Associa- 
tion, as our readers are aware, is a non-profit organi- 
zation and depends, for its finances, largely on private 
benefactions to supplement the inadc(|uate proceeds 
from the sale of the journal. Under these circum- 
stances the Council have, with great reluctance, 
decided to increase the membership and subscription 
fees as follows : - 



Rs. 

A. 

Ordinary Membership Fee 

12 

0 

Life Membership Fee 

.. 125 

0 

Annual Subscrii)tion (Inland) 

7 

8 

Do. (Foreign) 

Sh. 15 



Single Cojiy (Inland) .. o 10 

Do. (Foreign) .. Sh. i’25 


While informing our memViers, subscribers and 
readers of these enhanced rates, vve are confident of 
their full and unfailing support and co-operation. 
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SCIENCE IN INDUSTRY 


PRODUCTION OF ALCOHOLIC DRINKS IN INDIA 

Thk sub-commit Ice on Alcoholic BcvcraKcs of 
the Technical 1 anel of the Food Department recently 
submitted its report on the production of alcoholic 
drinks in India. The data collected in the report 
show that Indian rum iloes not contain greater 
<|uaiititics of higlier alcohols and aldehydes than rum 
f)f foreign manufacture. This is important in view 
of the belief sometimes held that the Indian product 
contains more fusel oil etc. The report recommends 
the use of sugarcane juice, jfur, or molasses for the 
production of good cjuality rum, suggests maturation 
of Indian rum for at least two years, and discourages 
tlie use of the spirit from mahua and the practice of 
mixing dilute rectified spirit in its manufacture. 

Grapes have been recommended for the manu- 
facture of brandy, and barley or other cereals for 
whisky. The sub-committee is opposed to tlie use 
of diluted rectified spirit flavoured with essence of 
brandy. 

Staudardi/ation and inu^rovement of the methods 
of manufacture of other indigenous li(|Uors are in- 
sisted upon, and the manufacturers are advised to 
apply to Provincial Governments for information 
regarding the specifications of country spirits. 

CHEMICAL COMPOSITION AND SPINNING QUALITY 
OF JUTE FIBRES 

Tiik rclationsliip existing between the spinning 
»iuality and chemical composition of jute fibres are 
described in the Technological Kescaich Memoir 
No, 6 of the Indian Central Jute Committee, pub- 
lished recently. It is observed that spinning quality 
in general decreases with increasing nitrogen, fat 
and wax content, liseful data in this connection are 
tabulated in the ])amphlet. 

In assessing fibre quality, these chemical analy- 
tical data may be used in conjunction with physical 
measurements. By examining small samples spinning 
quality of fibres can be assessed which is very useful 
in connection with breeding trials, agricultural ex- 
periments generally and in devising scientific methods 
of grading. 

UTIUZATION OF WATER-HYACINTH 

The Industries Department of the Bengal Gov- 
ernment is now interested in the commercial 
utilization of u ater-hyacinlh and establishment of 
several centres for handmade paper industry in 
Bengal. A water-hyacinth utilization factory under 


the technical sui)e; vision of the engineering section 
was engaged in producing various articles out of 
water-hyacinth. A si)ecial type of chest to conserve 
ice was designed and manufactured by this factory. 
To encourage jicoidc to take up manufacture of hand- 
made paper as a cottage industry, demonstration 
parties were organized and factories were started in 
diflerent parts of the province. Another possibility 
was the manufacture of plastics. A process has been 
perfected for producing moulded products of various 
types. The process which is protected by a i)atent is 
said to be simple and inexpensive and to incorporate 
some novel and unique features. A private limited 
liability company has been formed for exploiting 
the process. 

Since then, at the invitation of the Bengal 
Government, Mr Stanley A. Clarke, Head of the 
Forest Products Section, Council of vScientific and 
Industrial Research, Austral'a, has come to Bengal, to 
advise on the commercial possibilities of the process 
invented by the Industries' Department for converting 
water-hyacinth into idastie material and timber 
.substitutes with a view to organizing the production 
on a large scale under State supervision. 

It appears that the Bengal Government having 
failed in their sporadic and unplanned attempts to 
eradicate this ])est, arc now encouraging various 
aspects of commercial utilization of the plant with 
the po.ssibility of obtaining a monetary return that 
would perhaps serve as an inducement for its collec- 
tion and removal. But we feel that such attempts to 
utilize the pest ''ommercially will never help in its 
eradication. 

It is estimated that the weed covered an area of 
4,coo sq. miles in 197,0 and it now covers some io,ouo 
sip miles, (one-t!iird of which include cultivated land) 
can. mg a tremendous amount of damage to economic 
crops and fish resources estimated at Rs. 5,00,00,000 
a year and is thus a menace to Bengal's agriculture 
and waterways. 

The i)robleiu of eradication of the pest should 
now draw' the attention of the Central Waterways, 
Irrigation and Navigation Commission of the Govern- 
ment of India and adequate mechanical appliances 
evolved for the purpose. 

COMPREGNATED WOOD 

That compregiiatecl wood of good strength and 
possessing other favourable properties, comparing 
favourably with foreign samples can be produced from 
inferior Indian timbers e.g,, Semul, toon etc. is shown 
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in the Indian Forest leaflet No. 77 recently 

published by the Forest Research Institute, Deliradun. 
This is the third of tlie series of leaflets on studies 
on improved woods. Parts 1 and II of the series 
dealt with experiments on iniprovin;^ the properties 
of wood by impregiiiilion with resins and by lamina- 
tion. The present part describes further work on im- 
proved wofxi produced by lamination and compres- 
sion, that is comprej4nated wood. 


After describing the preparation of compregnat- 
cd wood, the results of tests on their strength, thermal 
and other properties are recorded. The* uses of com- 
l>regnaled wood are varied and many and their appli- 
cations to industry are also indicated and illustrated 
in this leaflet. Material prepared at Dehradun has 
!)een tested with encouraging results for aircraft pro- 
pellers, l)earings for river barges, tube well buckets, 
shuttles for cotton mills and fish |)lates for electrified 
sections of main line railways. 


MANUFACTURE OF SINTERED GLASS FILTERS IN INDIA* 


nil. V. JANAKIR.AMA RAO. 

COITXCIL or SCIKNTIKIC AND TNDU.STRIAI. RKSK\KCH, DICIJII 


'pHE sintered or porous glass filter is an indispen- 
sible inece of api»aratus in chemical laboratories 
used in several operations .‘^uch as filtration, [^repara- 
tive work, (jualitative and (luantitative analysis, gas 
distribution, extraction etc. The porous glass filter, 
when made to bigger si.<es finds apidication in the 
industrial 1\*1(1 for the large-scale filtration of 
chemical acids and alkalies etc. where the usual paper, 
cloth and uiivgua/e filters cannot be used. The 
most important application of fritted glass at the 
present moment is in the all glass bacteriological 
filter for ob/taining ^terile Idood serum for transfusion 
pur])oses. Ajjart from the large war-time demand 
for the bacteriological tper, the peace-time demand 
of this country for poious glass filters for use in the 
laboratories is large enough to sui)port an iiidei)endeiit 
industry. 


SiNTKUKi) C.l.ASS iMT/rKK 

The sintered glass filler is an article of (bertiiaii 
origin. Max Grossmaan was the fii^t to study the 
possibility of maViiig porous glas.s diaphragms about 
the year 1923. At about the same time Prof. Iluettig 
of the Jena Uni verbify uas studying tlie possibility 
of replacing the Gooch porcelain crucible with 
asbestos stulT, by some new type of crucible which 
would obviate the tro\ible of preliminary prei>aration 
before use. It was, however. Dr Paul Hubert 
brausnitz of Jena, who gave i)ractical shape to the 
ideas of Max Gros niaiin and Prof. Iluettig. Till the 
outbreak of tlie present war, no other country was 
Hianufacturing these filters except Germany. Soon 
after war broke out, other countries like America and 


* Paper read before the 32nd Session of the Indian 
Science Congress at Nagpur on the 6th January, t945. 


England promptly re dizing the scientific importance 
of these filters, set about mastering the lechniiiue of 
the mamifacliire of sintered glass filters. One firm 
in America succeeded in manufacturing these in Pyre.x 
glass. Then followed Great Pritain with her “HysiP* 
porous glass fillers. 

In view of the difficulties iu oblidning these 
filters from abroad and to meet the ever-increasing 
demand for them, work was undertaken in the 
I.aboratorie the Director of Scientific and Indus- 
trial Research to produce similar glass filters. A 
stage has now been reached when filters of the whole 
range of porosities reipiircd for chemical and bac- 
teriological work can be produced on a pilot plant 
scale. \\'«)rlv has been carried out specially with a 
view to mamifacture these filters on a large scale, 
with Indian raw material and Indian made machinery. 
The resistance glasses manufactured by some of the 
Indian glass manufacturing firms have proved ciuite 
stitisfactory for the mamifacture of these filters. 
Since the raw material, machinery and skilled labour 
are all available in this country, this industry can 
have a permanent footing. 

The following grades of porosities have hitherto 
been made in these laboratoi^es. 


! 
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The uses to which these filters can he put, are 
so varied and extensive that an exhaustive account 
cannot he given in an article like this. Some of 
their important uses are, however, mentioned here. 

I^orositv Vo. ojo. i.c., -From this grade 

mainly i)orous glass heads have heen made. These 
heads liavc heen found to he >i)ecially useful as an 
efficient suhslitute for the porous porcelain hits 
generally used for avoiding humping in boiling 
lupiids or solutions, 'fhese heads have this advantage 
over the latter that, while the porcelain hits hecome 
useless when once used, due to clogging of pores by 
the solute, they can he used over and f>ver again and 
can he cleaned easily as they contain pores of i mm. 
diameter appro -imalely. These heads can also he 
used for i)acking columns for gas di.slrihution and 
also for filling u]) fractionating columns. 

rises made of lliis porosity can he used for 
supporting granular solids wliich should react with 
1i(iui<ls or gases, esp.cially with the latter where the 
lea.st possible resistance slionld he offered to the flow 
of the gas. 

Rods and hollow cylinders made of this porosity 
are very useful for lecture demonstration in colleges, 
of the jiroperty of creeping-up of solutions 
Copt)er sulphate) during crystallization. 

Articles made of this i)orosity have the advantage 
of being speciall>- strong owing to the much greater 
adhe.sion between its constituent particles which can 
he allowed to take place at the exi)ense of the ‘pore 
volume’ which is not so very important for this 
grade as in the case of finer porf)sities where the 
pore volume is of primary consideration for attaining 
filtering efficiency. 

Porosity iVc. ()<).- -Articles made <jf this porosity 
liat'e the advantage of liaviiig a ratio of greater 
pore volume to the constituting material, than those 
of the No. con porosity, though not mechanically 
so strong as the latter. Discs of this porosity can he 
used for the same purp*)Ses as those of No. ooo, 
sometimes with better advantage as in the case of 
supporting solids of smaller granules. Mantles of 
this ])(jrosily are cou\*enienlly used for steam-treat- 
ment of materials in suspension. 

Porosity l^'o. o. — Discs made of tliis porosity are 
.suitable for distribution of ga.ses in liquids, when 
only low pressures are available. Cylindrical mantles 
of this porosity can he used for the efficient mixing 
of two flowing gases, c.g., air and coal gas mixing 
for blast burners. The pressure necessary to force 
air through a disc wet with water is from lo to 15 mm. 
of mercury. I^irous bulbs, mantles, tubes and the 
like of this i>orosity have been found to he specially 
useful in the laboratory for the oxidation of oils 
ahd in their treatment with corrosive gases like 
sulphur dioxide, chlorine etc. 


Porosity No. /. — Sintered glass discs of this 
porosity are very widely used for gas distribution in 
liquids. These are alsf) used for filtration of very 
coarse precipitates and of coarse crystalline subs- 
tances in preparative work. These discs can also be 
used as siii)ports for aKsorptive layers for filtering 
gelatinous precii)itatcs. Another important applica- 
tion of these fillers is, the extraction of coarse grain 
material in the Soxhlel apparatus. 

Thimbles made of tlie porosity can conveniently 
rejilace the usual i)aj>er thiiiihles in the Soxhlet’s 
apparatus as they possess the ad\antage of cleanliness 
and of l>eing nseil over and over again. Another 
advantage of the porous glass thimble over the paper 
thimble is its chemical resistance and also the con- 
venience wliich it affords to weigh its contents before 
and after the experiment. This subject is dealt with 
more fully later in tlie article. The pressure required 
to force air Ihrongli a disc of tliis porosity wet with 
water is ahoiil mm. of mercury. 

Porosity No. 3. Filters of this poro.sity are 
chiefly used in preiiarative work willi many crystalline 
precipitates. Di.scs of this grade can also he used 
for finer gas distribution in licpiids. Hut it re(|uires 
a higher lu'essure to get a stream of huhliles through 
the disc. /.<•., about /j ) to 45 mm. of mercury. This 
being an intermediate grade Ixdween grade No. 1, 
used for coars,* precipitates and grade No. used 
for fine precipitate.-*, will lie found to' he of great 
advantage where fairly fine [)reeipilates have to be 
filtered rapidly, and wliere sufficient vacuum is in»t 
available to use No. filter. 

Porosity No. — Of all grades <d' tlie glass filter 
this grade is by far the most luipular and the most 
widely applied to various uses. It finds its apiilicatimi 
largely in pre]».n*alive work, with many fine preei- 
lutates and in analytical work with medium preci' 
pilaies. fn fact that grade is used for filteriii.e 
almost all preci] >ilales, coarse, medium and fine alike, 
except the finest precipitates HaSO., and Cua< 1 f‘»^ 
which, grade No. 4 is ideally suited. It is also vsuiled 
for liltering mercury. Thimbles or discs of this poro- 
sity arc used in the vSoxhlet extractors for the extrac- 
tion of fine grain material. The use of filters of this 
jiorosily for the juinuxse of gas di.strihiilion in liquids 
is less favoured on account of the comparativeh 
higher pressure required to produce a stream of 
bubbles through the filter (/.c., about 80 to 100 nun. 
of mercury). Nevertheless, this porosity is actually 
l>ref erred in certain cases where very fine distribution 
and efficient gas washing is the jiriinary factor. A 
special apiilicatioii of filters of this porosity is the 
filtration of the viscous cellulose spinning solution'- 
in the mannfactiire of artificial silk. 

Porosity .Vo. 4. — Filters of tliis porosity an 
mainly used for analytical work with the finest prcci 
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pitatcs like BaSO^ and CU2O and also for preparative 
work with all fine precipitates. These filters arc fine 
enough to arrest mercury from passing through them 
at a difference of pressure of one atmosphere on either 
side of the disc, while allowing enough of free passage 
for any gas to pass through their pores. On account 
of this characteristic property of this porosity, these 
discs are used in making safety valves for mercury 
in vacuum sN'steins. Micro-filters of this porosity are 
a speciality. Uiscs of micro-size i.e., 5 to 10 mm. 
are also employed in forming salf bridges in electro- 
lytic conductivity experiments. A special use of 
discs of this porosity is that they can be used as the 
bed or support fijr ultra-filters such as collodion film 
or animal membrane. The ultra-filter film is con- 
veniently formed on the disc which gives it the 
necessary mechanical strength to withstand the 
vacuum to be applied. 


these filters are put, in 'onjiinction with various 
kinds of glass apparatus. 


Funnels 

Sintered gla^s funnels are the most widely used 
form of the porfms glass filter. These arc made to 
all sizes from 5 mm. diameter or even more — i)oro- 
sities 2, 3, 4 and 5 being more popular than the 
rougher grades. 

Funnels of porosities 3 and 4 and of disc diameter 
25 mm. to 40 mill, are popularly used in (lualitative 
analysis. Fig. i shows this type of filter in actual 
use. The test tube inside the flask, is changed to 
collect the different filtrates for individual examina- 
tion. 



Sketches of Filters. 


Porosity No. 5.— This is the bacteriological filter 
mostly iise.l ii()w-a-:lays for bhuxl-filtratioii i.c., for the 
preparation of sterile serum out of blood. The 
extremely small diameter of the individual pores of 
this filter, i,c., from 0*5 to 1*5 (which diameter is 
much smaller than that of most harmful bacteria) 
makes possible, its characteristic property of steriliza- 
tion by filtration: These filters can very conveniently 
he used for quick preparation of sterile water for 
iK^spitals and dispensaries. 

Filters of the above mentioned porosities can 
take any shape in accordance with the need which 
they are intended to satisfy. The following is^ a 
brief acoount of some of the various uses to which 


The same funnels are also used for various 
organic preparations as well as for analytical work. 
Selection of the porosity, depends iii>on the nature 
of the precipitate to be filtered. Precipitates in these 
funnels can be safely dried in a hot air oven upto 
a temperature of i5o°C, without the necessity of 
removing the precipitate from the funnel. 

Fig. 2 is a mercury filtration funnel of porosity 
No. 3. It has a long container above the filter bed 
to hold enough of mercury to enable to pass down 
through the pores by its own weight. If suction 
is applied from the l^ottom, the extra length of the 
funnel above the disc becomes superfluous. Funnels 
of the popular shape as shown in Fig. 3 of porosity 
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No. 3 may also be used for filtering mercury if 
suction is applied. But the advantage in this special 
funnel for mercury is that the filter bed is much 
stronger and can better ^\ ithslaiid the combined stress 
exerted by the atmosphere and the weight of mercury 
column above the filter bed. Filtration of mercury 
with this filter is a very (|uick and clean method of 
freeing mercury from impurities by mechanical 
means. 

Fig. 3 represents the usual buchner funnel made 
of glass. Tlicse arc generally made uplo a maxinunn 
of 6" diameter. Bigger diameters cannot withstand 
sudden thermal shocks of the usual laboratory con- 
ditions of working. It is also extremely difficult to 
manufacture buchner funnels which contain discs of 
more than 6" diameter fused into them, since the 
larger the diameter the more difficult is the iirocess 
of annealing. Concavo-convex filter discs are fused 
into the containers, instead of plane discs in order 
to increase the mechanical strength. The thickness 
of the di.se is so calculated as to withstand a 
difference of pressure of one atmosphere on either 
.side of the porous disc. These funnels are usually 
made in porosity Nos. 2, 3 and 4. 

Fig. 4 is that of the brctcriological filter. The 
filter disc c:)i^d5ts of two layers, the bottom one of 
a rougher grade No. 3 to serve as a support and the 
top layer of t!ie finest grade i,e.. No. 5, which is 
the true bacteriologxal filter. The bottom rough 
grade layer is necessary as a support since the layer 
of No. 5 at the top cannot withstand by itself, a 
pressure difference of one atniospberc which is 
required to suck the liquid down through its fine 
pores. Making a thick disc of No. 5 porosity alone 
is disadvantageous, since in that case the resistance 
offered by the capillary pores is too great to allow 
free filtration to go on. All glass bacteriological 
filters are made iipto 60 ram. maximum diameter. 


CoLcuREn Filters 

Coloured filter di^cs have a definite advantage 
over the colourless ones, in that they offer a better 
background for white precipitates and give better 
convenience for the complete removal of the preci- 
pitate from the filter. Sintered glass discs of all 
porosities can be made in deep or light shades, as 
may .be desired, of any colour such as black, blue, 
green, red, yellow, amber etc. and fused into colour- 
less or white glass containers in the usual way. 
These filters while possessing working efficiency 'have 
an appeal to aesthetic sense. A novel improvement 
in detail in the construction of these filter-discs is 
the incorporation of a coloured layer on a white layer 
wlith a ^harp. line Hjf’bontlaatt These 


filters have been found to be specially convenient 
for filtering and thoroughly washing white preci- 
pitates suspended in coloured solutions. While the 
top coloured laj’^er serves as a good background for 
the white precipitate the bottom white layer serves 
to indicate the last traces of the coloured solution 
dripping down the filter. 


Sintered SE^ruM (loocii Crucibles 

The sintered septum glass crucible is an ideal 
piece of apparatus for quantitative work. It is 
usually made in diameters of 20 to 30 mm. though 
15 mm. and 40 mm. diameters are not uncommon. 
It is made of all porosities from No. t to No. 4. 
No. 3 is used for coarse and medium precipitates 
whereas No. 4 is used for very fine precipitates and 
a majority of analytical purposes. Crucibles of 
porosity Nos. t and 2 are used with asbestos bed 
just in the same way as a porcelain Oooch crucible, 
the rough porous g'ass bed in this case serving 
merely as a support for the asbestos bed. The fiUra- 
lion is effected as shown in Fig. 5. Tlie crucible C 
is fifteen in the adapter funnel F, by means of a 
rubber ring R ; and suction is apidied to the (lahk 
from below. 

Drying of the precipitate is effected by trans- 
ferring the crucible to a drying oven to be heated 
to a maximum of i5o°C. When necessary, the 
crucible can be heated even upto boo^C. Provided 
that in this case a well controlled oven (preferably 
electrical) is ir ed, wlierwin the temperature is regu- 
lated to reach up to 6o':°C. gradually in about i to 

hours. The cooling must also be done in the 
same oven at least down to 3oo®C. at the rale of fall 
of temperature oi abjut 2®C. per minute. 


Gas Filters 

Fig. 6 is a simple form of gas filter which can 
be iLsed for filtering dry gases. The speed of filtra- 
tion alters with the porosi'y and the diameter of the 
disc used. Moist gases also alter the speed of fil- 
tration due to the capillary constant of the moisten- 
ing linuid. The two wide' open ends of the filter 
facilitate easy cleaning. Filters of this kind have 
been successfully used in these laboratories for filter- 
ing air in connection with experiments on blood 
processing. 

Gas.washwg Apparatus 

Figs. 7, 8, 9 and 10 are different fonns of gas 
distributors in liquids. Gas is usually forced through 
th^' sihtered :glaitt •limbs 4 iarhed> a,^h^ c,>d»w that a 
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uniform str^jani of bubbles rises up the column of 
liquid to give the maximum, exposure possible. 
Fig- 7 represents the usual type of gas distributor 
with a disc a of sincere:! glass fused to its limb. 
Fig. 8 is a typical example of the sintered glass tube 
in use. i ig. g contains a porous ‘bulb* or ‘pear* at 
the working end while Fig. lo is a similar one with 
a porous cylinder in place of the ‘pear*. Figs. 8, g 
and 10 are special designs developed in these labora- 
tories and have been found to be particularly useful 
for certain purposes e.g., big. 8 for chlorination of 
rubber and bigs, g and lo for the oxidation of oils. 
Fig. 8 is designed to accommodate the waned stirrer, 
which is to stir the very viscous rubber solution at 
the centre, while the fine bubbles of chlorine forced 
out of the peripheral porous glass tube mix efficiently 
with the viscous liquid in motion, (F'ig. ii). Gas 
bubbles of any fineness can be obtained by a selec- 
tion of the proper poro.sity of sintered glass. Fig. 12 
is a modification of the usual type of Dreschers 
wash-bottle with the insertion of the sintered glass 
disc near the bottom. Gas distribution is evidently 
more efficient than in the usual bubl)ling system. 
The design is ])articularly suited for thorougli clean- 
ing of the apparatus. It is free from delicate parts 
and is simple in construction. 

Another application of the sintered glass disc for 
gas distribution is illustrated in Fig. 13 which is part 
of a simple apparatus and has hceii used in these 
laboratories for testing efficiency of air foam 
solutions. 

Fig. 14 represents a modified type of flowmeter 
in which the usual capillary at X is replaced by a 
sintered glass disc of the required porosity. 

Mkkcury Svfkty Vai.vks 

A common trouble in routine vacuum distillation 
work in chtmcal laboratories is with the frequently 
Used simple type of mercury Tnaiiometcr from which 
mercury rushes into the system while releasing 
vacuum and applying suction with less caution. A 
simple form of mercury safety valve which obviates 
the trouble is shown in operation in Fig. 15. The 
porous diaphragm P of porosity No. 3 gives the 
necessary free passage for the fast flowing gases, and 
prevents any sudden rush of mercury into the 
system. Fig. 16 represents part of a semi-automatic 
type of SprengeTs pump, to which a similar type of 
mercury safety valve is attached to prevent mercury 
overflowing the apparatus. Suction is applied at S 
a water jet pump and the spent mercury is sucked 
^'P in pellets into the reservoir R to be fed into the 
system once again. 

The above mercury valves of porosity No. 3 are 
^uit^ble oxlly at low pressures, since mercury can pass 


through these filters if powerful suction is applied. 
For high-vacuum work, therefore, porosity No. 4 has 
got lo be used. A typical appli;.ation of this type of 
mercury .*:afely valve is its use in conjunction with 
the short type of Mac., cod's Gauge in which the 
danger of mercury rush.ng into the system is great. 
The arrangement is muc.i tJie same as in Figs 15 
and 16. 

IMM'RSION I'n.TURS 

Where bulk (iiianlitics of liquids containing very 
small amouins ol susi)eiideJ solid matter, are to be 
lltered the immers.ou filter finds its important 
appheation. F.g. 17 illustrates its use in the labora- 
tory. The bulk liipiid containing suspended matter 
from the reservoir is fed into the beaker B by means 
of another beaker A, while the filter rapidly drains 
off the li(|uid leaving all the solid matter to collect 
more and mere in 1 . The solid matter is later filtered 
in a sintered funnel and collected in tlie usual way. 
An important in Ju atrial application of this filter is 
the draining of supernatant liquid in settling tanks 
which comaui finely divided sediment at the bottom 
and sides, as for instance, in the large scale manu- 
facture of pigments like TiOa by precipitation 
methods. This type of glajs filter is particularly use- 
ful where the supernatant liquid happens to be acidic 
or alkaline, it can alsj be used for sucking out 
mother liquors from crystalli/ation tanks, without dis- 
turoing the crystals. Another important industrial 
application of the filter is in filtering commercial acids 
from bulk storage tanks. 


Prkssurk Filters 

Volatile liquids like ether-sulphuric, petroleum- 
ether, acetone etc. which contain very fine solid 
suspensions, do not allow tlicinselves to be filtered in 
the ordinary way i.c,, through a filtering funnel by 
applying suction from below. 

The pressure filter is specially suited for such 
cases. Here the li(]uid, instead of being sucked 
through the f iler disc, is forced down by pressure 
above. Fig. 18 is an illustration of continuous filtra- 
tion of the liquid from a reservoir. If only a small 
quantity of Lquid is to bj filtered at room tempera- 
ture, the pressure arrangement can be dispensed 
with. In that case the neck of the filter has to be 
closed by a cork and the contents shaken. This will 
produce enough vapour pressure above — the liquid to 
force it down the filter. In cases where such volatile 
liquids have to be filtered hot i.e., near about their 
boiling temperature in order to prevent crystallization 
of dissolved matter before filtration, the pressure filter 
can be enclosed in an outer jacket (a bottomless bottle 
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can serve the purjiose quite well) which would contain 
the heating aftcnt. 


Foundation Hrds 

vSintei'cd Rlass discs of the rougher grades 
X(i. o to No. z) find a good application as supports 
on foundation beds, for coanse grain material. Fig. 19 
represents an improved form of apparatus with a 
sintered glass foundation bed supporting coarse grain 
alumina. Closely related organic compounds in 
solution, which are otherwise difficult of separation 
are isolated easily by taking advantage of the 
different colourations produced in the alumina due 
to surface absorption while filtering through th§ 
medium. 

Fig. 20 represents a low pressure gas generator 
for experimental purposes. The solid material (zinc, 
marble etc.) is supported on the sintered glass disc 
which is of No. 00 or o grade porosity and offers very 
little resistance to the liquid which should react with 
the solid. The simple construction of the apparatus 
facilitates thorough cleaning. 

A simple arrangement for lecture demonstration 
purposes, is shown in Fig. 21 to demonstrate the 
l)rocess of solution. A coloured crystal, (a crystal 
of Potassium dichromate or Copper sulphate) is 
placed on the coarse sintered septum of the glass 
vessel A, which is suspended in the jar of water B. 
The whole i)roccss of solution, as the crystal dis- 
solves in water can be closely observed. 

Sintered glass filters arc best suited for experi- 
ments on osmotic pressure. They possess the special 
advantage of uniform porosity of any desired 
fineness and of taking any desired shape. An 
arrangement for demonstration of o.sraotic pressure 
is illustrated in Fig. 22. The usual porous pot 
or the inverted funnel with its diaphragm is replaced 
here by a special glass crucible A with sintered 
septum of the finest porosity (Grade No. 5). The 
advantage of this improved apparatus over the con- 
ventional ones is that it facilitates complete visibility 
for closer observation and study. The simplicity of 
its construction allows thorough cleaning facilitating 
its use any number of times. Fig. 23 is the layout 
of the familiar form of Pfeffer’s apparatus for osmotic 
pressure measurements, with an all glass porous cell. 
A somewhat smaller type of porous glass cell is 
separately shown in Fig. 24. This cell is intended 
for very high osmotic pressure measurement in con- 
junction with metal scatings. It is therefore made 
of a glass of high tensile strength. It has a thick 
rim R of solid glass which continues into the porous 
glass part P of the cell. The solid glass rim facili- 
tates firm fastening, and ensures freedom from 


leakage, a property which gives the all-glass porous 
cell a definite superiority over the usual all-porous 
clay cell. 

KxTK ACTION ApPARATUvS 

The sintered glass filter has now largely dis- 
placed the paper thimble in the Soxhlet extraction 
apparatus. Porous glass is obviously superior to 
the porous paper, with regard to tensile strength, 
resistance to chemicals, cleanliness and the advan- 
tage of using it over and over again. The usual 
form of Soxhlet apparatus is shown in Fig. 25 with 
the all-glass porous-thimble in place of the paper 
thimble. Fig. 26 is a suggested modification of the 
usual Soxhlet apparatus. There are three porous 
glass discs a, h, and c used in this apparatus. Tlie 
main filter is the one a which is fused into the 
transparent glass thimble. A smaller and loose disc 
b, laid over the material after filling serves to dis- 
tribute the current of solvent during extraction. The 
other disc, c, which is of grade 00 serves a double 
purpose. It offers a check partially to the ascending 
hot vapour and diverts it into the side lube s, while 
allowing only part of the hot vapour into the Soxhlet, 
to keep the thimble and its contents hot. At the 
same time it gives free passage to the solution flow- 
ing down from the thimble. This modification, while 
possessing the advantages of the glass thimble i.c. 
the transparency, and the ease of weighing it with 
the contents before and after experiment, has tliL* 
special advantage of hot percolation of the solvent 
through the material to be extracted. The thimble 
and the contents are kept almost at the boiling iioinl 
of the solvent for efficient extraction. 

The type of the Soxhlet used for the extraction 
of liquids is represented by Fig. 27. In this case the 
sintered glass disc, a, as shown in better detail in 
Fig. 28 has a hole at its centre through which passes 
the tube t carrying the solvent to the bottom. The 
solvent which is lighter than the liquid to he ex- 
tracted, is forced up the pores in fine streams ensur- 
ing efficient extraction. 

(tLASvS Filters for Micro-chkmicai. Work 

Glass filters are indispensible for micro-analyti- 
cal work as no other filter possesses the advantages 
of the glass filter for this work vis. — transparency, 
thermal and chemical resistance, extreme neatness, 
and the necessity of drying the precipitate in the filter 
itself without transference, etc. Fig. 29 represents a 
micro-filter. The filter disc is of 5 mm. diameter 
made of No. 3 or No. 4 poro.sity. 

Fig. 30 is a micro-immersion filter. This is of 
special value, in the quantitative separation of 
precipitates, the bulk of which settle at the bottom 
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leaving a fine layer of the precipitate at the surface 
of the liquid as well. The filter sucks out the liquid 
without any loss of precipitate. It has also been 
found to be of great use in routine experimental pre- 
parative work, such as for instance, in lecture demon- 
stration, where liquids have to be filtered out without 
transfering the contents into the filter. 

A semi -micro-filter with the disc diameter of 
lo mm. is shown in fig. 31. This can be used for 
all types of work, (lualitative and quantitative 
analysis as well as preparative work on semi-micro- 
.scale. These filters are made of Nos. 2, 3, and 4 
porosities largely. 


Technical Filters 

The need for technical filters depends upon the 
need for large scale industrial filtration. Such a need 
has only just begun in this country. With the grow- 
ing industrial demands of this country for the large 
scale filtration of commercial and spent acids and of 
alkali solutions in the soda, potash and allied indus- 
tries, the technical filter of sintered glass is bound 
lo have its due importance, further its application 
in the large scale filtration of the viscous spinning 
solutions in the rayon industry which is yet to start 
in our country is another field full of promise for its 
ai)plication. Sintered glass slabs and di.scs of poro- 
sities from No. coo to 4 can be made as big as ijs 
feet square and feet in diameter with a thickness 
of about I inch. 

Technical filter slabs (Fig. 32 a and b) cannot, 
however, be ^used into glass containers of such big 
sizes. They can be paeVed or sealed along the edges 
with asbestos or any acid and alkali-resistant cement, 
into containers of lead or porcelain. 

Apart from the usefulness of these filter slabs 
in large scale filtration, gas distributors of porous 
glass also find their application in industry and have 
a bright future. Large tubes and mantles of sintered 
glass with suitable glass adapters are particularly use- 
ful where large scale distribution of poisonous or 
corrosive gases like chlorine, sulphur dioxide etc., 
through viscous liquids like thick oils, is necessary 
and where it is desirable that the gases should be 
absorbed as completely as possible before they can 
bubble out of the liquid and foul the atmosphere. 
Large scale chlorination of rubber, and bleaching of 


pulp in the paper industry are two more examples in 
this field. 


Conclusion 

This industry has every pro.spect of becoming a 
permanent one in this c.mntry and has a bright future. 
The problem of machinery offers no serious difficulty 
since experience has proved that machinery made 
ill India can serve the purpose efficiently enough 
even on a mass-production scale. The only problem 
of any serious magnitude at the present moment is 
that of fuel in view of the present shortage of coal. 
But it may be noted that Uie quantity of fuel required 
for this industry is comparatively very small. The 
problem can also be overcome by setting up the 
factory in cities like Calcutta and Bombay where the 
required quantity of coal gas can be made available 
from the city supply. The necessary skilled labour 
can be easily made available. There is, now-a-days, 
enough technical personnel fairly well-up in the art 
of glass-blowing in this country. With a little train- 
ing the experience of yome of these men can be easily 
adapted to this technique. The raw-material required 
for the special type of glass is mainly high-class sand 
or quartz ; and these, especially the latter are avail- 
able in abundance in this country. The very few 
pure chemicals required are not rare. 

It will be seen from above that all the require- 
ments of this industry viz., raw-material, plant and 
machinery and technical personnel are all available 
in this country. They are available muck cheaper in 
this country than in America, Great Britain and 
Germany who arc the likely competitors in this line 
in the post-war period. This industry has therefore 
every prospect of overcoming the post-war competi- 
tion. 

An estimate of the cost of production in a 
factory for making 100 glass filter funnels per day 
is given below. The pre-war prices are also given 
side by side for comparison. 


Cost Sheet 

Capital Investment: — 

Gas Plant (Installation) 

Furnace 

Machinery 


Total 


Rs. 25,000 
Rs. 5.000 
Rs. 10,000 


Rs. 40,000 
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Cost of Production 




Pre-war 

Price 

Present Price 

Details of items 

: Quantity 






Rale 

' Amount 

Rate 

Amount 

Quart/, (including transport) ... 

2 cwls. 

Rs. 15 per cwt. 

Rs. 30-0-0 

Rs. .^0 per cwt. 

Rs. 60-0-0 

Chemicals 



JS-0-0 

... 

.. 40-0-0 

Coal 

' 4 cwts. 

Rs. 8 per ton 

, , 2-0-0 

Rs. 43 per ton 

„ 11-4-0 

•Labour ... 

■ 

... 

49-0-0 

... 

„ 95-0-0 

Depreciation at 10% 



.. 10-0-0 


10-0-0 

Power 


... 

,, 4-0-0 


,, 8-0-0 

Rept^ir and niaintenanco 


... 

.. 5-0-0 

1 

10-0-0 

Miscellaneous 


... 

, , 5-0-0 

1 * 1 

„ 10-0-0 

Total cost of 100 fdtefs 



Rs. 120-0-0 


Rs. 244-4-0 


Cost price of one filter 

M'lrkcl price of one imported filter ... 

Percentage profit ... 


•One Production Manager 
Two Chemists 

Ten g’nss b’owers (trailed) ... 
Two Laboratory Assistants ... 
Ten trained workmen 


Total 


Pre-war 


Rs. 1-3-2 
„ 4-0-0 

2 \ 0 % 


j 

Pre-war 

Rs. 10-0 per day 

Rs. 10-0-0 

„ 3-0 per day 

„ 6-0-0 

„ 2-0 per day 

„ 20-0-0 

M 1-8 per day 

„ 3-0-0 

1-0 per day 

„ 10-0-0 


Rs. 49-0-0 


i*res(*nl 


Rs. 2-7-0 
„ 10-0-0 
300% 



Prcsc’iit 

. . 

Rs. 20-0 per tlay 

Rs. 20-0-0 

,, 5-0 per day 

„ 10-0-0 

,, 4-0 per day 

40-0-0 

,, 2-8 per day 

„ 5-0-0 

,, 2-0 per day 

„ 20-0-0 


Rs. 95-00 


Thu cost of procUictioii as shown al)ovu can be 
appreciably curtailed by using a good quality sand 
ill place of the costly quartz. In spile of the fact that 
even the best nuality sands available in this country 
require purification by chemical treatment, thereby 
involv'ng con.siderab’e expenditure, they can be pre- 
ferred to the much more expensive quartz. 

It should, however, be noted that although it 


will be more economical if the manufacture is taken 
up by the existing glass manufacturers, there is 
nothing, with regard to the availability of men, 
material and equipment, which can discourage ils 
having an independent and self-contained existence."*' 

I 

• The author wishes to expre.ss his indebtedness to vSir 
S. S. Bhatnagar for oroviding the facilities for this work 
and to Dr Almaraili for .some valuable sugge.stioiis. 
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POLYPORIN 

Filtrate of Polyprus Sp in Czaiick-Dox medium 
— 7, at room temperature (29^ to 32°C) was tested 
to be highly bactericidal in action {Current Science, 
(3, September, 19^4, p. 233). Since tlien, chemically 
isolating the active principle of this filtrate e.g., 
]iolyporin and trials carried out in vitro, in plate 
cultures of typhoid, cholera, dysentery and H. coli 
jiroduced lytic action in about 24 hours and have thus 
a remarkable bacteriolytic action. A sodium salt of 
polyporin (extract from the sporophores of the dried 
fruit-body of polyporus) prepared after Berger’s 
method (modified), is found to have greater potency 
than the crude filtrate. 

Fxperim?iits so far carried out on animals (Ruinea 
pigs) with polyporin have shown it to be completely 
non-toxic. It is non-haeinolytic ; in intramuscular 
injections it iiroduces no pyrogenic effect in man ; 
with proiier sterile conditions it retains its potency 
for Jibout a month at room temperature (22°— 32®C). 

Kxperi incuts in vivo on typhoid, and cholera 
patients at the Carnrchael Med'cal College Hospitals, 
Calcutta are now being carried on {Nature, ij6, 
August n, 1945). 

This new mvco’ogic and cheniotheraijeiitic agent 
discovered by the eminent mycologist, Prof. S. R. 
Pose of Calcutta, promises to be an efficacious remedy 
for bacillary infections— remedy for whicli with the 
wonder drug penicillin is not so far established. Its 
importance for the tropical disease.s is emi»hasized by 
the fact that it retains its potency even at room 
temperature. 


WORLD STANDARD AND UNIT FOR PENICILLIN 

An international conference under the auspices 
of the League of Nation’s Permanent Commission on 
Biological Standardization was held in October, i()44 


(briefly reported earlier in Scu'nce .\ni) Cultu re, 
to, June, 1945), lit the Royal Society’s premises 
presided over by Sir Henry Dale, i)resident of the 
society. The conference was attended by delegates 
from the rnited States, 1 ranee, Canada, Australia, 
Britain, South Africa and India, vSir Percival Hartley 
-director of the medical research cuiincirs depart- 
ment of biological st.uidards and custodian on lielialf 
of the League of Nations of the international standards 
established by its permanent standards commission, 
—acting as its secretary. 

The conference recommended that a quantity of 
pure pcnic llin sodium salt be adopted as international 
stand<ard and lept at tl:e Na'ioiinl luslilute for Medi- 
cal Research, London. An international unit of cal- 
cium salt of penicillin shall also be eslabbslied. 

They further recommended that the international 
unit should be defined as thv? si)ecific 
activity contained in 0*6 inicrograms of the inter- 
national peni':illin standard deluied above and 2*7 
inicrograms of the present international penicillin 
working standard l)e accepted as containing i inter- 
national unit of penicillin. This decision makes an 
important stage in the development of this remark- 
able mcdicam.nt. The unit now adopted is approxi- 
mately equivalent to the unit originally adoj^ted by 
Heatley and ' Florey and commr>nly known as the 
‘Oxford’ unit. 

In the inter-war period this commission has 
establ shed a series of biological standards over 
thirty in niimb.T, including standards for antitoxins, 
vitamins, arsphenamiius, insulin, pituitary extract 
and sex-hormones. {Science, 101, June 22, 1945). 

The (Government of India have now decided to 
manufacture penicillin at the Indian Institute of 
Science, Bangalore. (')ne hundred million units of 
penicillin will be produced every month and plant 
and etiuipment for production on a vast scale are 
being installed, says a press note. 
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A MINIMUM HYGIENIC STANDARD OF LIVING FOR INDIA 

A. C. UKIL, 

CALCUTTA 


A LTHOIK'.H social surveys for agricultural, urban 
and iiuluslrial living conditions have been 
carried out in different parts of India from time to 
time, the National Manning Committee was the first 
organisation which tried to lay down and define the 
minimum re:;uirenients of human life in India. 
Subsequently, the authors of the Bombay Plan 
defined these requirements according to their own 
ideas. I ater on, Prof. Radhakamal Alukcrji, the 
well known socio-economist, published his ideas re- 
garding the requirements for Indian labour in the 
June, 1044 is'-ue of the Indian Journal of Social Work. 
All these plans have been found to be incomplete 
from some point or other. The present note aims at 
further elucidation of the subject for the benefit of 
those who v\ill be concerned with national planning 
in the coming years. 

The demo ratic ideals of liberty and equality 
have been emphasixed during the war which has just 
ended, and more than one statesman have stressed 
the need for freedom from want, and for equality of 
opportunity to every man for his complete develop- 
ment according to his abilities. Kvery man should 
have the oi)portunity to obtain (i) adequate foqd 
(qualitative and quantiti’tivc) for ensuring proper 
growth and maintenance of sound health, (2) shelter, 
which includes a house, furniture, clothing and a 
sanitary environment, ( ) the opportunity of develop- 
ing positive health and physical fitness, and (4) an 
education suited to his abilities and adapted to the 
requirements of national and world citizenship, along 
with facilities for fostering a spirit of exploration 
and adaptation to inventions, and the chance to 
develop and express his social and spiritual nature 
in an atmosphere of economic security — in work, in 
leisure and in retirement - to the extent which the 
wealth produemg capacity of his country, for the time 
being, can offer. 

It has been s'lid that “it is probable that an 
overwhelming inajor'ty of diseases that occur through- 
out the world arc due directly or indirectly to the 
lack of primary necessities, generally food, and many 
of the remainder are attributable to bad working 
conditions**.’ It is well known that if every family 
has af home in which it could live in decency, has 
food of the health standard and a feeling of absolute 
security, we would have an economically sound 
foundation upon u hich we could begin to build the 
new w’orld. Such a programme has not yet been 

* J. D. Bernal— The Social functions of Science* Rut- 

ledge and Sons Ltd.. London, 


possible to achieve even in the wealthiest countries ; 
for example, according to Sir John Orr,* one-third 
of the population in the United Kingdom and about 
50 per cent in the U. S. A. did not enjoy food and 
shelter of the standard needed for health in the pre- 
war period. In most other countries, the proportion 
of the population which has never been adequately 
fed or adequately housed is even higher. Among 
backward peoples, only a relatively small proportion 
of Ihe population has reached that economic level. 
It has also been demonstrated that the provision of 
food and housing amongst the poorest sections of the 
population up to the standard needed for health would 
reduce disease and imorove national health and 
physique to a considerable extent. 

It has been noticed that improvement of health 
depends on h) efficient public health .services, and 
(2) general ri.se in the st'indard of living, combined 
with the greater availability of foods of the right 
kind. The improvement of environmental sanitation 
represented by the .'^upply of wholesome and suTicient 
water for drinking and washing, the i)rcvcntion of 
pollutmn of water, the prov'sion of seuerage and 
utilisation of sewage, the healthiness of dwellings, 
the removal of nuisances, refuse and smoke, the in- 
spection of food, the suppres'^ion of the causes of 
disea.ses and their regulation in the case of epidemics, 
the regulation of markets and the regulation of streets, 
highways and buildings, and the provision for 
hygienic burial or cremation of the dead should bo 
considered as the minimum .sanitary e.ssentials'^ for 
civilix*:! social life throughout the country. As .such, 
it mast be a charge on the State. 

Indian background , — With only 2.5 per cent of 
the population employed in industries, agriculture re- 
mains the chief occupation in India giving employ- 
ment to about 7/ioth of her population. The bulk 
of the people, that is, nearly 28 out ot 40 crorcs, live 
in 655,000 villages. According to the census of 1041. 
there are 466 agricultural labourers to looo cultiva- 
tors. Due to the primitive condition of Indian agri- 
culture, “the pgricultur d labourer occupies the lowest 
rung of the economic ladder. He is the first to suffer 
from famine and preventible diseases, and the first 
to be involved in chronic indebtedness.**^ 

■Sir John Orr— Foundation.s of the New World Onler. 
Nature, April U, 1942, p. 401. 

• Report of the Royal Sanitary Comniisston of England, 
1869-71. 

* Radhakamal Mukerji— Food Planning for Four IIuii* 
dred MilUop^, MocmUlan ^ Co. Ltd.. 1038. 
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The primitive nature and overcrowding of agri- 
culture, slow industrialisation, low wages and un- 
employment of a large proportion of the population 
have all contributed to a high average mortality and 
low expectation of life. Ihider these circumstances, 
it is no wonder that the average weight of Indians 
is 20 to 30 per cent less than the standard weight for 
a particular age in tlie western con 11 tries, and that 
the average mining output for an Indian worker is 
80 tons as compared to 300 tons in Kngland and 589 
tons in America. It has further been noticed that 
where wages are less, the efficiency of the workers 
is less and sickness, absenteeism and mortality rates 
are correspondingly higher. 

In a survey of landless afiricnllural labourers in 
a Herar village, J. V. IJhabe"' showed that the per 
cajnta income of a landless agricultural labourer was 
Rs. 31 per annum or ii pies per day. 88 v>er cent of 
this income was from agricultural wages, 7 per cent 
from subsidiary occupations, 4 per cent from animals 
and I per cent from other sources. Tlic main item 
of expenditure among this group was food. 72 per 
cent of the expenditure was on food ; 14 per cent on 
clothing ; 4.6 i)er cent on habits ; 3.1 per cent on 
special purposes and 6*3 per cent for general expenses; 
so that, out of every rupee silent by such a labourer, 

1 1 J*! annas were on clothing; g pies on habits; 6 pies on 
s|»ecial purposes and i anna on general items. Accord- 
ing to the observations of Prof. Radlia Kainal 
Mukerji, the expenditure on food consumes 70 to 80 
per cent of the income ; fuel and lighting 5 to 10 
per cent ; clolliing 10 to 15 \k'V cent ; house rent 10 
to 15 per cent ; and iniscellaneons 15 to 30 per cent. 
Among miscellanecms expenditure are included 
medical fees or medicines, education, intoxicants 
- tobacco etc., amnsemeiits and festivals, indebted- 
ness and others. The percentage of the family 
l)udget on food in India is far higher than in the 
case of any other country in tlie world, including 
China. The lower standard of living also accounts 
for the preponderance of starch over proteins and the 
absence of animal products like milk and milk pre- 
parations in the diet. “The low standard of housing, 
tliL* absence of ordinary furniture and utensils, the 
prevalence of illiteracy and ill-health and the high 
infantile and maternal mortality all point to the same 
direction. Only 9.5 per cent of the population aged 
5 years and over is literate, eveii according to the low 
^'tandard adopted (capacity to write a letter and to 
read the answer to it). The death rates and infantile 
mortality rates arc much liigher than in most civilised 
countries, and the expectation of life is correspond- 
ingly lower.**® 

* J. V. Bhabc — A survey of landless agriciiUiiral labour- 
ers in Shendurjana Baxar, a Berar village, Iitiiiau journal 

Social Work, Vol. Ill, 1942-43, pp. 437-450. 

* Radhokamal Mukerji — ^l^)od Planning for Four Him- 
•hcil Millions, Mactiiillan & Co., btcl., 1938. 
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Tlie average per capita income of an Indian is 
believed to be Rs. 65 per annum. It actually varies 
from Rs. 51 to Ks. 166 in rural and urban areas 
respectively.' In 1931-32, one half of the urban in- 
come was ill the liands of less than 10 per cent of 
urban uorkers and even among the coiniiaratively 
well-to-do classes, whose annual incomes exceed 
Rs. 2,000/- a year, 38 per cent of their number could 
claim only 17 per cent of their total income, while 
a little more tliaii i per cent were in posse.ssion of 
TO per cent of their total income. In rural areas, the 
income of the majority of tlic pe(iidc* is less tlian 
the average of Rs. 51/-. This is believed to be due 
to the fact that farmers bolding less than j acres of 
land form a large iiroportion of the cuUixator class. 
The wages of the agricultural labourer, during the 
pre-war period, was soinetinies as low as j to 3 annas 
a day, while the cultivators were generally without 
any work for 3 to 6 months in the year. Daily wages 
of agricultural labour for women- varied between 
to 4 annas and, in the case of children between 1 
to 2 annas. It is no wonder that a large iK*rcentage 
of these workers exist below the subsistence level and 
thus become an easy prey to epidemics and famines. 

An idea of the conditions prevailing in India can 
be obtained from the following description of the 
results of a social survey, subsidized by the Rocke- 
feller Foundation, carried out at Closepet in the 
Mysore vState* : — 

“Twenty-five i)cr cent of the families in this unit 
had an income under Rs. 5/- i)er month, 30 per cent 
had a monthly income of Rs. 5-10, 25 per cent 
between Rs. to — 15 10 per cent 'between 

Rs. 15 — 20 p.in. and the rc.st above Rs. 20/- p.m., 
30 per cent of the families had only one room, the 
rest more than one room. 1.5 per cent of the houses 
were provided w ith latrines; the rest had no latrines. 
70 per cent of the houses had no windows and 25 
per cent of the houses were unfit for habitation. 
50 per cent of the houses were without drains and 
in 50 per cent of the bouses the cattle were kept in 
living (pTarters. In 40 per cent of the bouses the 
kitchen refuse was stored in tlie backward and in 15 
per cent it was thrown into the streets. In 40 per 
cent of the houses, the snllage water was led into the 
backyard and in 50 per cent it was led into the street. 
There was very little provision for safe drinking 
water. In 30 ])er cent of the houses the manure was 
stored in the backyard and in tlie rest it was sent 
out to the fields.** 

The composition of workinfi class families is 
more or less the same and, although their per capita 

^ Sir P. Tliakurdas and others — A Plan of Rcoiiomic 
Development, Bombay, 1944. 

■ A. C. T^kil—Somc aspects of public health in India, 
Prevsidcutial Address at the Medical and Veterin.ary Re- 
searcli section, Indian Science Congress, 1041. 
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income is higher than in rural areas, the percentage 
composition of the items of expenditure in the family 
budget do not show much iinproveinent. The average 
composition of families may be taken as the husband, 
or an earning male member, the wife, one non- 
earning dependent and two children or an average of 
4 “consumption units”. In a survey carried out by 
('ioi)ala Kao in llie Kolar Oold Fields,® the items of 
expenditure were found to be as follows : — 

Food— 55 per cent ; Fuel and lighting — 5*5 per 
cent ; house rent - 2 per cent ; clothing— 5*1 per cent; 
liquor and pan-sopari — 4 per cent ; interest on debts — 
15 per cent ; friends and railway fare — 31 per cent ; 
marriages and other ceremonies — Tq per cent ; barber, 
dhobi, etc. — 14 per cent ; Education— 7 per cent. 

The average monthly extienditure on food per 
adult male was found to be Rs. 4/13/7 or 2 as. 7 pies 
per day. More than g6 per cent of the total number 
of families were found to be debt-ridden. The average 
indebtedness per family was roughly q months* 
income. 

An earlier iiuiiiiry into working class family 
budgets in Ilombay City (1Q32)"' showed the average 
monthly family income of industrial workers at that 
time to be Rs. 50/1/7. The monthly items of ex- 
l)eiiditure per family were found to be as follows:— ^ 

Food — Rs. 23/6/ 10 or 46 6 per cent ; Fuel and 
lighting — Rs. 3-4-4 or 711 per cent ; house rent — 
Rs. 5-14-3 or 12*81 per cent ; clothing, footwear and 
uinl)rellas — Rs. 3-g-o or 7*75 per cent ; bedding and 
household necessaries — i anna or 0*13 j)er cent ; mis- 
cellaneous — Rs. 1 1 -1 2-4 or 25*6 i)er cent. 

Tile causes of indebtednes> were shown to be as 
follows — 

Unemployment — 20*67 per cent ; Marriages - 
22*75 cent ; 

Sickness- 12*46 iier cent ; Ordinary wants — 
g*7i ]>er cent ; 

Arrears to .diopkcei)ers— 8 04 ])er cent ; 

House building and repairs— 4*57 ])cr cent ; 

Funerals— 3 *‘ig per cent ; old outstanding debts — 
2*25 per cent ; 

vStrikes— 2*1 i)er cent ; Other cau.scs— 8 26 per 
cent. ~ioo per cent. 

Uet us have an idea of what prevails in Bengal", 
where a recent famine carried away a large proi>or- 
tion of the iiopidation. There is an average of 5 
licrsons per house or unit of family and there arc 
2*5* non-working dependents for every earner. 
According to the recent Famine Inquiry Commission, 

" K. Gop.ila Rao- T^ahour in the Kolar Gohl Fields, 
Ttidian Journal of Social Work. Vol. I. 1940-41. |». 230. 

Report on an eiiquirv into working elass faniilv 
budgets in doiiibay City, 1932. 

” A. 0. rkil- Fowl Problem in Ikni’al, SciiiNCK AM> 
CUI,TIJR15, Vol. XI. 1945-46, pp. )96. 


the number of families in Bengal, wholly or mainly 
dependent uiion cultivation of land for their liveli- 
hood, is approximately 7 5 million in a population 
of a little over 60 million, or roughly 8 per cent of 
the poi)ulalion can derive their supply of cereals and 
po.ssibly milk from the land they possess. 7 per cent 
of the population are non-working dependents on the 
working adult population and 5 per cent of the poi>u- 
lation constitute landless labourers. Approximately 
2*5 per cent of the population are engaged in in- 
dustry. The present extent of cottage industries and 
the income therefrom are not adequate to employ a 
large proportion of the people. There arc hardly any 
industries or occupations subsidiary to agriculture 
which can help the peojde with uneconomical hold- 
ings to be "gainfully** employed. I believe this 
picture prevails, more or less, in other i)arts of India, 
except perhaj>s in the Punjab. 

Hems of the family budget . — Uet us now- con- 
sider the various items of the family budget (husband, 
wife, one non-working dependent, and two children 
= 4 "consuiiiplion units**). They may be enumerated 
as follows : — 

(1) Physiologically ade(|uate dietary, 

(2) Shelter, 

(3) Clothing, 

(4) Fuel and lighting, 

(5) Purchase of cooking and oilier utensils, 

(6) Toilet and washing recpiisites ; oil, soap, 
etc., 

(7) Tobacco, cigarettes and nou-alcoholic 
beverage charges, 

(8) Barber, washerman and tailor charges, 

(g) Education, including books and stationery, 

(10) Medical charges, 

(11) Recitation, entertainment, ncwspapei, 
holidays and travel, 

(12) Union rates or cess or other taxes, 

(13) Ceremonies and festivals, including births, 
deaths and marriages, 

(14) Rcpaynieiit of debt incurred on land, 
agricultural implements, social events, pro- 
longed illness, etc., 

(15) Bedding, mos(|uito curtain, shoes and nm- 
brellas, and 

(16) vSocial security against uneinployineiii, 
social disasters, financial depression, iH- 
ness or invalidity. 

Some of these require amplification. 

Food . — Among the items in the social machiiury 
which can en.sure to every individual in the com- 
mnnity a standard of living adequate for the niain- 
teiiancc of health, food ranks first. Such food nni^t 
contain "energy-yielding** constituents and "prol ac- 
tive’ * constituents, vegetables, fruits, mineral salts 
and vitamins in proper proportions. It mus^t be cou- 
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sidcred that food is not to he looked upon as merely 
consisting of rice, wheat, |)otatoes, fish, meat, eggs, 
vegetables and fruits, but of certain well recognised 
chemical entities such as carbohydrates, proteins, 
fats, minerals and vitamins in proper proiiortions, the 
intake of which will prevent a failure of growth and 
health and ensure the maintenance of i>ositive health. 
Infants and growing children as well as expectant 
and nursing mothers need more of the protective 
foods and vitamins than the adult poi)ulation, while 
the sick population have their special reciuircments. 

A balanced diet is far beyond the means of a large 
section of the population today. For the whole 
I)opulation the fluid milk supply is less than iX* 
ounces per diem ; vegetables 3 ounces per diem ; and 
eggs — 8 per year.^‘ 

The principles of dietetic re(|uireinents in the diffe- 
rent age and sex groui)s of the population are given 
in the table on p. 198. It will be seen that a diet 
like this cannot be secured with less than Rs. 8/- per 
consumption unit per month in rural areas and 
ks. 10/- per consumption unit per month in urban 
and industrial areas. This absorbs 40 per cent of the 
proi)oscd family budget described below to ensure a 
iiiinimum hygienic standard of living for this country. 
This percentage proportion can be reduced by apply- 
ing scientific principles to agriculture and food techno- 
logy. It will repay considerably to find out how Japan 
with 2*5 acres per family raises enough food, as com- 
pared to 3X acres in Itidia. The folly of depending 
for increased production on a ploughing-u]) policy 
lias been demonstrated in several countries. The 
scientific use of fertilisers, the conversion of inedible 
foods into edible ones, the use of by-products or waste 
products as food (c.jc. yeast) and the production of 
foods and vitamins in the laVioratory can furnish a 
way out, if the administrative authorities concerned 
develop a technical back -ground in their organisation. 

The estimate of expenditure on food given by the 
aiitliors of the llombay Flan as w ell as by other work- 
ers has been fo\uid to be too low by us aud are not ap- 
plicable to all areas. The requirements for the produc- 
tion and distribution of such food to the iioinilation 
have been discussed in an earlier paper. It should be 
tlie task of national planning to ensure a physiologi- 
cally adequate dietary to the 'icholc population. 
Speaking on nutrition, Sir John Orr expressed the 
following opinion in his Chadwick Lecture in 1935 : 
“It may be assumed that any Government would 
accept as the first essential the necessity for ensur- 
ing that every individual in the State shall be able 
lo get a diet sufficient to maintain health. If a system 


’*U.-Col. J. N. Morris. R..\.M.C.— TleaUh of I'our 
Hniulred Millions, Lancet, June H5, 1945, pp. 743-748. 

C. ITkil— Food Problem in Bengal, vSciEXCic and 
^rijuRR, Vol. XT. 1945-46, pp. 91-96. 


of prodiiction and marketing of foodstuffs fails to do 
this, the Stale, through its medical and social services, 
must pay for treatment of those suffering from in- 
adequate diet.** 

Shelter. house must jnovide for minimum 

floor .space adequate for 0 ft. long beds at 6 ft. centres 
with sufficient space between two beds, besides lo ft. 
of air column above the floor. The window area 
should Ik* at least i/i5th of the floor area and the 
doors and windows taken together should form iZ/th 
of the floor area to provide for sufficient light and 
natural ventilation to iKTinit of renewal c^f air, dis- 
sipation of heat and adjustment of humidity. Accord- 
ing to the needs of various areas, the Plaiiiiing 
Committee must think of cheap materials for the con- 
struction of heat insulating roofs and walls and for 
the abatement of noise. The construction of mud 
idinths and mud walls should be discouraged, as it 
almost always leads to tlie excavation of a pit where 
water collects in the rainy season and breeds mosqui- 
toes. The accommodation provided must try to avoid 
physical and moral overcrowding. 

The minimum house must contain at least 500 
sq. feet — a kitchen about 40 sq. feet ; 2 rooms — 
12x12 feet or there abouts ; verandah or passage 
12x6 feet, and a bathroom and a latrine. Both in 
Australia and U. S. A. the minimum housing re- 
quirements are laid down as 4 rooms, namely, a 
living r(X)m, a kitchen, 2 bedrooms, besides a bath- 
room. A minimum area for so-called habitable rooms 
has been defined by Government as 50— 70 sq. ft. in 
Britain, 80 sip ft. in Bengal, 120 s(i. ft. in Ceylon 
and 103 s(|. ft. in the Delhi re-housing scheme. No 
house should be allowed lo be constructed in India 
whiili has less than 2 rooms, in the interests of 
separate sleeping aeeomiiiodation for grown-np girls 
and for the isolation of patients suffering from in- 
fectious diseases. The co.st of such a house will be 
about Rs. (>15 (and if labour lias to be hired — Rs. Soo) 
in rural areas and about Rs. i,Soo in urban areas, 
at pre-war rates. If siifficieiit water siqi^ily is in- 
cluded and allowance is made for 20 iier cent on 
rates and a net return of 5 per cent of the cajiilal, the 
rent for this miniimim house will be Rs. 3/4 in rural 
areas and Rs. 7/8 in urban areas. Rents lower than 
this will not be economical. If lower rents are. 
charged, the balance must be found from some sub- 
sidy cither from the State or from the eiiijdoyer. If 
the villager has to borrow money to build bis house, 
provisions w'ill have to be made in his Basic W^age 
to enable him to pay off the loan. In fixing the 
national minimum wage, it is belter not to depend 
on outside subsidy. The design and the esti- 
mates of expenditure for a miniimnn house in 
rural and urban areas have been given by “Ruslie** 
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in Science and Culiurc.^^* The estiinale of cost 
given by the Bombay Plan (Rs. 400/-) in rural areas 
ami Rs. 800/- ill urban areas will be found to be too 
low. per cent of the capital cxiieiiditurc may be 
taken as the yearly cost of iiiaintciiance. The 
niiiiimuni rental for a home “fit for an ordinary 
family “ was estimated by local authorities in Delhi 
in 1939 at Rs. 60 per annum and it was estimated 
that the lowest income which could pay such a 
house-rent would be about Rs. 300/- per annum. 

In Bombay i)rovincc (193^)/® the living space in 
industrial areas was 28 sq. ft. per person in Bombay 
city, 43 sq. feet in Ahniedabad and 24 sq. feet in 
Sholapur. In ^lysore, 50 per cent of the urban popu- 
lation (1938) lived in less than 60 sq. feet per person, 
while in Bangalore with a population of 250,000 the 
ratio reached 75 per cent, and in the Kolar Gold 
Fields (population 134,000) S3 per cent. Observations 
carried out in Bombay in 1940 show that infant 
mortality is higher in households where the accom- 
modation is poor. In most of the industrial areas 
one-room tenements are the rule, and the overcrowd- 
ing is so acute in the cities that streets and pave- 
ments are fre(iueiilly used for sleeping at night. 

Clothing. — The average consumption of cotton 
cloth per head in India is yards per annum, less 
than in Malaya, West Indies or the Gold Coast. The 
National Planning Committee laid down the require- 
ments at 45 yards per capita per annum. The cost 
of woollen clothing (at least one rug and one sweater) 
is not included in this, neither is the cxiienditure on 
mo.s(|iiito curtain and cotton for mattre.ss. The cost 
of shoes and umlirclln also is not included in this 
estimate. The average cost of cotton cloth may be 
calculated at 9 annas per yard. 

Education . — Ihiless provision is made for free 
compulsory education by the vState, provision for 
education of both children and adults will have to 
be made. If an allowance of school fees, varying 
between Rs. i to 4 per month is made, and Rs. 1/8 
l>er month for books and stationery is included, then 
the cost of education, books and stationery per 
month will amount to Rs. S/S. The estimate made 
by the Bombay Plan, namely Rs. 1/8 to Rs. 2 per 
child and -/8/- per adult per month, is far too low. 

Medical charges . — The status of health in India 
today has been shown by the writer in his Presiden- 
tial Addre.ss befi^re the Medical and Veterinary Re- 
search Section of the Indian Science Congress in 
1941. ^ledical services de])end on the number and 

**Riistic’^ The inininiuin requireinenls 0 / a house in 
rural areas, SctenCi' and Cultitrk, Vol. X, 1944-45, pp. 300- 
302. 

Post-war housing and town -planning in India, 
SCTRNCR AND CULTURE, Vol. IX, 1943-44, pp. 390-394. 

“Ivt.-Col. J. N. Morris— Health of 400 millions, Lancet, 
June 16, 1945, pp. 743-748. 


quality of trained personnel. At the present moment 
there is one qualified doctor for io,ooo persons, as 
compared to r doctor to 8oo persons in Britain. One- 
third of India’vS 42,000 qualified doctors possess 
university qualifications and two-thirds are qualified 
after a shorter training with licenses granted by the 
Slate. There are 0*3 beds per thousand population 
as compared to 5 in England, 1*5 in Japan and 9'; 
ill the U. S. A. 

The Government expenditure on environmental 
sanitation is incredibly small in comparison with the 
requirements. The expenditure on health in British 
India is i/slh of that in the United Kingdom. Of 
1474 towuis in Prilish India only 253 have a protected 
water supply. Rural water supply and sanitation are 
less protected than urban. The care of the sick is 
hardly practicable on account of the poverty and ex- 
isting housing conditions. 

The cxi)ectati()n of life at the present moment is 
the lowest in India. Mortality rates are very higli 
and wdiai is most disconcerting is that they are 
highest in infants. At the same time, experinieiits 
in Maternity and Child Welfare work, in controlled 
communities in India, have show-ri that wherever 
social services have been luovidcd, the mortality rale 
has come down (piickly. Of the deaths, about 25 per 
cent take place in infancy and over 50 per cent in 
individuals below the age of 15 years, bo per cent of 
the people in Phigland and Wales continue to live up 
to 60 years and above (1938), as compared to only 
12 per cent in India. Under conditions described 
above, sickness rate is also very high. As has been 
stated before, the lack of primary nece.ssities for 
healthful living is responsible for such conditions. 
Figures for health, disease and death rates will be 
found to correspond to Wc.stern European figures a 
little over a ceiuury ago. A rise in the standard t>l 
living in those countries corrected tlie defects ar.d 
it is anticii)ated that the provision of a miniiiiiiiii 
hygienic standard of living in India will do the 
same. 

The Bombay Plan lays tlown the followin,!.: 
minimum essentials in respect of preventive and 
curative medicine : — 

1. Proper arrangement in respect of sanitation 
and water supply in rural and urban areas, 

2. Dispensaries for every village, 

3. General hospitals and maternity clinics in 
towns ; 

4. Specialised institutions for the treatment of 
tuberculosis, cancer, leprosy, venereal 
diseases, etc. 

So long as these are not provided by the vStatc 
and so long as the standard of living is not improved, 
the cost of treatment will continue to be high. Con- 
sidering the frequent requirements for medical attcii- 
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tionj a charge of Rs. 2/- to Rs. 3/- per capita per 
month is not considered to he high. 

Repayment of debt, — ^'I'lie burden of agricultural 
indebtedness was estimated to be Rs. 1,200 crores 
before the war. Unless the vState helps in liquidating 
this debt, the basic niininium wage of a worker will 
have to provide for the repayment of debts. In our 
standard, therefore, we have provided for a repay- 
ment of debt at Rs. 5 i)cr month per family in rural 
areas, Rs. 3 per month per family in urban areas, 
and Rs. 4 per month per fatuily in industrial areas. 

Provision for social security. — Provision for 
social security is essential in determining the national 
minimum wage. The wage earner may be sick, un- 
employed or superannuated and may become a 
burden, unless he is insured against these contin- 
gencies or has saved enough for these events. A sum 
of Rs. 4 per month must be provided for this pur- 
pose in his wages, so that he may have about 
Rs. 1,500 to his credit after working for 25 years. 
This may be sufficient to maintain a tnan and his 
wife for a few years. 

Summary of the requirements for a minimum 
liyj^icnic standard of laving, — (Estimated on the 
basis of a family consisting of the husband, wife, a 
iion-working dependent and two children, or 4 con- 
sumption units). 

The above estimates have been made on the 
supposition that the head of the family earns and 
looks after the wife and dependents, while the wife 


contributes her share by doing domestic work and 
by looking after the inmates. Where, however, the 
woman is also a wage earner, she will no doubt add 
to the total income of the family, Imt at the same 
time she will not be able to look after domestic work 
as thoroughly as if she had not been a wage-earner. 
There need not be any differentiation between a male 
and female worker as regards wages, provided they 
can do the same fpiality and (juantity of work. It is 
estimated that their joint incomes will be able to 
meet the extra expenditure on domestic management 
(by keeping domestics) needed. 

The above estimates of expenditure cannot be 
considered to be, in any sense, liberal. Perhaps, in 
certain cases, as the minimum basic wage of the 
country increases, I lie charges for services from 
barbers, wavshermeii, tailors, etc. and the cost of com- 
modities will also rise. The above estimate, therefore, 
cannot be said to have erred on the side of overstate- 
ment. The framers of the Bombay Plan want to 
treble the income per cajnta within fifteen years, pro- 
vided their planning is put into operation. They 
further think that a per capita income of Rs. 74/- 
at pre-war prices is- needed to secure a niininium 
standard of living. From our estimates given above, 
it will be seen that unless the per capita income is 
raised to 4 to 5 times the present level, a minimum 


The IloiPhU* Sir A/i/nl HiK)ue (Man hehiiid the 
IMoiigh, The Hook Company, CalruUa, 1039) was of the 
opinion that the minium requirements of peasant life could ^ 
he mot hy douhling the pre-war per capita income. 


Summary ok Ki-yriRKMi-NTS for a mi.mmum hyoikmc standard uvixo 

(Cost per family of hushand, wife, a non-oarning dependent ami ? children -4 consumption units, per month, at pro-w.ar 

rates) 


Unral 


1. Physiologically adequate dietary ... - • . ! 

2. Shelter (rent or interest on eo.st of cons. iSj repair) ... • 

3. Clothing ((a 45 yrds. jier capita, per annum) 

•1. Fuel .and lighting .... ••• • • ••• i 

5. Cooking and other utensils 

n. Toilet and washing requisites ... ... ••• ; 

7. Tobacco, cigarettes and betel .and hctelnuls 

S. Barber, washerm.an and tailoring charges ... ; 

9. Kflucation, including IxK^ks and stationery ... . . | 

10. Medical charges ... • j 

11. Recreation, newspaper, holidays and travel ... ... | 

12. Union rates or cess, other taxes ... •• ••• ' 

13. Ceremonies, festivals, including births, deaths and i 

marriages ... ... •• •• *;• I 

14. Repayment of debt (incurred on land, bullocks, agri- ! 

cultural implements, social events, prolonged sick- ; 
ness, etc. ... ... •• „ • ! 

15. Bedding (cotton), mosquito net, shoes, umbrellas, ; 

woollen goods ... • .••• , • • i 

10. Social security (against unemployment, wicial disasters, 1 
financial depressions, illness or invalidity) ... | 
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hyRicnic standard of living for a large majority of 
Ibe population of this counlry cannol he secured. If 
a basic wage has to he laid down, it must he on 
some sort of basis as above. It must he ])ointed out, 
however, that economic advance does not automati- 
cally pay dividends in welfare, unless the income 
per capita and the welfare measures are equitably 
distributed among all classes of the population. 

The framers of the llombay Plan ]:>ropose two 
classes of measures for securing a minimum standard 
of living, namely, (i) those which would raise the 
general level t)f income and (2) those that would 
reduce the burden of individual exiiendilurc on con- 
sumption goods and .services, that is, the co.st of 
living. In order to increase the general level of in- 
come they sugge.st the following measures: — 

I. Provision of full employment, that is, to 
ensure for every grown-up person, suitable 
opportunities for earning his or her liveli- 
hood. 


example, primary and middle school educa- 
tion, adult education and medical treatment. 

2. Provision of essential utility services, as for 
example, electricitv and tran.sport at low 
cost. 

. A minimum 7 vage standard . — It has been stated 
that every Indian family has a non-working adult 
dependent, basides the wife and two children. 
Family budget studies have shown that most of the 
members of a family grou]) de|)end on the earnings 
of the head of the family. Fuiiher, in India, the 
wife or daughter of the Indian worker hardly counts 
as a wage earner. In other countries, as for example, 
in Australia, the earnings of the children and wife 
of an emjdoyee are not taken into account in fixing 
the basic wage of an adult male emi)loyee. A 
minimum wage that is to be offered to rural, urban 
and industrial workers, therefore, must enable them 
to have a reasonable standard of living in terms of 
the reciuirements explained above. We have tried to 
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. 2. Increase in efficiency. 

3. Improvement in urban and rural wages. 

4. Security of agricultural [nices and develop- 
ment 01 multipurpose cooperative societies. 

5. Reform of the land system. 

They further propose the follotving measures for 
reducing the cost of living : 

I. Provision of free social services, as for 


show that the minimum monthly wage for an iuIuH 
male rural, urban and industrial worker should 
Rs. 80/-, Rs. UK)/- and Rs. too/- respectively. Thi^ 
figure will be found to exceed the estimate made hy 
Prof. Radba Kamal Mukerjec'" In the case of iiuhis- 

Radha Kamal Mnkerjee— A national minimum vvtlf in' 
standard for Indian labour, Indian Jourtial of Social II 
Vol. V, No. I, June, 1944. 
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trial workers, and lliat of the Hoiiibay Textile Labour 
Inquiry Committee (1941). 

We do not propose to enter into intricate inter- 
connected subjects which would help in ensuring the 
above standard of living, but we hope that the 
National Planning Committee or any committee 
which proi>oscs to lay down a niiniinuni hygienic 
standard of living will take into consideration the 
points we have stressed in this note. A plan which 
provides for adciiuate food and clotliing, a healthy 
dwelling, a sanitary eiivironineiil and education and 
social security for every family caiiiif)! be left to pri- 
vate enterprise. It must be reali/ed that if we can 


bring the f(X)d and housing of the poorest sections 
of the i) 0 ])UIation up to the standard for health, we 
shall be able to reduce the incidence of disease and 
improve national health and physuiue to a consider- 
able extent. As we proceed along the path, it will 
be found that a great part of our social and public 
health services and most of the charities will 
gradually become unnecessary.*^' 

* 1 wish l(» express my grateful thanks to Prof. K. 
Suhrahmuiiyaii, Professor of Sanitary hhigineeriiig, and 
Prof. (V Sankaran and his staff of the Deparlinent of Nutri- 
tion and Hio-eheini.stry, .Ml India Institute of Hygiene ami 
Public Health for inueh useful advice ami help in determin- 
ing the standards. 
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A Treatise on Physical Chemistry. Volume 1 — 

(Atoniislics and Thermodynamics) -r{dited by 
IVof. M. S. Taylor and Prof. S. (llas.stone. 
Pp. vi-^^7c). MacMillan K’ Co. Ltd., London, 
IQ42. Price $42. 

The book under review is the fust volume of a 
‘Treatise on Physical Chemistry’— a co-operative 
effort by a group of Physical Chemists*, tliird edition. 
'I'lie editors arc Pn)f, H. S. Taylor (jf tlie riiiversily 
of Princeton and Prof. vS. (ilassloiie of tlie University 
f)f Olkalionia. The Treatise originally appeared in 
1924 in two voluittes, and the second edition was 
l»ul)lishcd in iQ.V*- 'I'he pheiiomenai i>r(»gress in 
{>hvsical science during the ^ last two decades due 
largely to the impact of (piantum mechanical ideas, 
has made il nece.ssary for the ediUns to extend the 
original treatise of two volumes into one of five 
volumes of which the first volume eiililled ‘Alouiistics 
and Therinodynamics* has so far aiipeared. 'I'he titles 
'>r the next four volumes will be, it is proposed, 
‘Stales of Matter’, ‘Chemical e(iuilibrium*, ‘Chemical 
Kinetics* and ‘Molecular Structure*. I'he complete 
work will, therefore, cover almost everything of 
atomic and molecular phy.sics and much besides it. 
^Vitli the unravelling of the wave and the particle 
iispects of physical entities, and Bohr’s principle of 
conipliinentarity with its most iirofound coiisetiuences, 
has come the collapse of the barrier between physics 
Jbul chemistry, and it has happened without our 
almost noticing it. Physical chemistry is no longer 
borderland subject* : the borderline has practically 
^''mished-*- perhaps its ghost is still there -and physi- 
chemistry scorns to have no frontiers save those 


of jdiysics and chemistry. The comparlnienlali/.ali*)n 
of science which is essential for our feeble minds to 
make progress (?onflicts with its natural unity, and 
stagnation is only avoided by a i)roces.s of ‘gerry- 
mendering* instead of physics and chemistry it 
seems, the new eompartments are to be atomic and 
molecular phenomena and matter in bulk (strength 
and structure of materials) 

To reliirn to the volume imder review it com- 
prises four chapters dealing rcsi)ectively with the 
(?) Atomic Concept of Matter, (//) Quantum Theory 
of Atomic vSpectra and Atomic Structure, (iti) the 
First and Second Laws of 'riiermodymnuics and 
{iv) the 'I'hird Law of Thermodynamics, and Statisti- 
cal Mechanics. \'alues of physical c«)iistauts (Brige 
1941) are given in the appendix. 

Profe.ssor Taylor him.self contributes the first 
chapter. It traces the evolution of the concept of the 
abmiistic slruclnre of matter and electricity from the 
time of Falton. Il gives a short but critical discussion 
of the various methods for determining the electron 
charge. Il next describes Rutherford’s discovery of 
the nucleus. It may Ik* remarked that it was only 
after the discovery of the nucleus that unambiguous 
distinction could be made between atoms and mole- 
cules. The ('iaiiiow-(iurney-Coiidou theory of alpha 
disintegration finds a place, but the description is all 
loo crude and will hardly make any sense to the 
uninitiated reader. ^lay be, a fuller treatment of the 
fundamental ])robleni of transmission across potential 
barriers will be included in the volume on Chemical 
Kinetics. Mass spectrographs occupy a few pages 
and an excellent discussion is given of the thermal 
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diffusion and the other methods for separating isotopes. 
We then pass on to nuclear reactions and artificial 
radioactivity. Sixteen pages of tables summarize the 
data on induced radio-activity. The last article of 
less than a page is devoted to the thermonuclear pro- 
cesses and it describes Hethe*s carbon-nitrogen cycle 
which oi)erates in stellar interiors and accounts for 
the luminosity of ‘main-sequence* stars. A somewhat 
fuller account of this most important work in astro- 
physics during recent years would have been very wel- 
come. The chapter of 117 pages provides a useful 
summary of atomic and nuclear phenomena. Refer- 
ences arc copius and add to the value of the chapter. 

Tile Second Chapter occupying about half the 
book is by Dr Dushman. It gives a short but lucid 
introduction to the fundamentals of spectroscopic 
notation. It next deals with the atomic number and 
X-ray levels : there is some repetition of what is 
already described in the first chapter, but in a book 
of this kind it is unavoidable and is within limits 
also desirable, f Figures 2, and 4 of chapter i 
are rei)roduced again as figures i, 10, i,ii, and 1,12]. 
The interpretation of the refraction of light on cor- 
imscular and wave theories leads to the fundamental 
relations between wave length and momentum. 
Schrddinger’s eejuation and its ai)plication to simple 
l>roblems is described. The phenomena of the collision 
of electron with atoms are dealt with in some detail. 
The chapter closes with the (luantum theory of 
valency. 

The last two chapters deal with thermodynamics. 
The chapter on the First and the Second Laws is by 
Prof. Taylor, and Prof. Aston has contributed the 
chapter on the Third law^ 

The history of the development of thermodyna- 
mics, is a very interesting and illuininatiiig stud\’' and 
a critical historical introduction (on the lines of 
Epstein’s thermodynamics, chapter I) might with 
advantage have been included in the Chapter on the 
First and Second Laws of thermodynamics. As in 
most text books, the fundamental conceits of tempe- 
rature and heat are a.ssumed to be intuitively known 
to the reader, and are not critically discussed. It 
seems to the reviewers that the time has now come 
when any serious text-book on thermodynamics 
should provide a systematic and logical treatment of 
the basic theriiKxlynamical concept. Classical thermo- 
dynamics is a complete and beautiful structure and 
there is much in Caratheodory’s axiomatic treatment 
that* should find a place in (advanced) textbooks. As 
an illustration of the confusion whicji* is liable to arise 
when thermodynamic terms are not carefully defined 
u'e may note th.c follovving : — On page 456 mi 
adiabatic process is tlefiiicd as one without heat 
absorption and the Joule-Thomson effect is thus con- 
sidered to be an adiabatic process. Hut on page 462 
the adiabatic expansion of the ideal gas is considered 


and the relation constant is obtained. No dis- 
tinction is thus made between processes that are 
merely thermally isolated (Joulc-Thomson effect) and 
process that are thermally isolated as well as rever- 
sible (isoentropic process). The chapter gives an 
account of the various thermodynamic functions and 
their apidications. 

The last chapter deals with the Third Law of 
thermodynamics and statistical mechanics. The 
classical, Fermi-Dirac and Bose-Einstein statistics are 
discussed in detail. The various topics treated in- 
clude ortho- and para-hydrogen, cooling by adiabatic 
demagnetization , thermodynamic temperature scale 
below^ I“K, and liquid Hell and Bose degeneracy 
(The coefficients of To/T®/a in equations (74*31) 
and (74*.>fi) arc not correct ; they are respectively 
0*000197 and o*oo6q instead of u’0114 and 0*040). 
The discussion of absolute entropy is excellent. 

The book is a very valuable addition to current 
literature and will serve as a most useful work of 
reference for chemists as well as physicists. It should 
find a place in all idiysical science libraries. 

D. K. and A. R. 


Hayfever Plants — By Roger P. Wodehouse (A new 
series of plant science books, Edited by Frans 
Verdoorn, Vol. XV). Pl>. xix 1 245 (73 figure 
and 10 tables). Waltham, Mass, the Chronicn 
Botanica Co. ; Calcutta, ‘Macmillan & Co., Lid., 
IQ45* $4*75. 

Hayfever is not a true fever ami hay asthma is a 
better name because the condition in the nose and 
throat of the affected per.son has resemblances to tlial 
in the bronchial tubes in true asthma. Cntil recently 
it was erroneously ascribed to the efiluviimi of new- 
ciit hay. While some persons are affected when hay 
is ripening others are not affected from hay but sulTer 
when certain other ])lants bloom. The disease usually 
occurs in early spring, early summer and late smmiu i 
and like asthma and urticaria it is one of the diseases 
winch is now called “allergic disease”. The persons 
affected suffer the w’hole of summer wdiich render 
their lives miserable. It is usual for the sufferer lo 
avoid agricultural districts as it has been found tlial 
the pollen of grasses e.g.. Timothy-grass (Phlcum 
pratense L) commonly cultivated for hay and grow- 
ing wild in fields and meadows almost througlioiH 
North America along with several other grasses and 
weeds cause the disease. The first step in the treat- 
ment is to discover wdiat pollen is to blame and lids 
is done by a simple test by the specialist. 

The author, an associate director of re.searcli 
allergy, Lederle laboratories, New^ York, in his classi- 
cal work entitled “Pollen drains”, McOraw Hdl 
publication (1935), briefly indicated the lx)tani‘id 
facts of hayfever in terms of their clinical significtni^ 
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vSince then, considerable data had accumulated more 
oil the clinical than botanical aspects of hayfever and 
the facts botanical remained vScattered and mitiKled 
with fancies and no one other than a botanist could 
be expected to separate them. This has been 
admiraldj' presented, in the book under review by 
the author, who enumei^tes the hayfever plants, their 
appearance, distribution, lime of flowering and their 
role in hayfever, with si^ecial reference to North 
America . 

The first part of the ])ook is devoted to pollen 
and pollination and the allereiiiic toxicity of the 
l»ollen causiny» hayfever, as well as the description of 
the plants known to cause hayfever, showing where 
they «row, when they flower and the characteristics 
which make them hayfever plants. Of the «ymno- 
^perms few are known to produce hayfever causing 
pollen and the bulk of the book is devoted to the 
anytiospermous hayfever idants. Amon.u; the mono- 
cotyledons, ^^rasses constitute the main plants causing 
contamination and spread of this allergic disturbance, 
while in the dicotyledons, it is noteworthy that the 
Compositae have the larj^est number of plants causiiiK 
liay fever and next in iini)()rtance are oaks, birches and 
maples. 

The second part of the book is geographical, 
dealing with hayfever by areas, throughout the 
Tnited vStates, Canada, and Mexico. 

Illustrations of hayfever-causing-plants and their 
pollen grains, a useful glossary and an extensive 
l)ibli()graphy are si)ecial features of the book, which 
can be profitably utilized by the botani.st, the palyno- 
logist, the medical men and the laymen. 

This is the fifteenth volume in the series of “A 
new series of plant science book” edited by Frans 
\’erdoorii and the editor must be singled out for 
si)ecial mention in bringing out these classics in bota- 
nical literature amidst the turmoil of war. 

J, /\. a. 

How Man Became a Giant--By ^I. Ilin and 1 \. Segel. 

Translated by Healrice Kinkead. Illustrated by 

A. Komarov and K. A. Furman. Kitabistan, 

Allahabad. Pp. 278. Price Rs. 5/4* 

The authors give a fascinating account of the 
dilTcrent stages of the evolution of man. How with 
the advent of the Ice Age our primeval ancestors tcx)k 
to terrestrial mode of living ; how by their power of 
adaptation they, of all animals, managed to stand 
tlK‘ rigours c)f the environment by their devices of 


making skin-garments and of produciiig fire, ln)w 
again by inventing implements of stone and bone 
and by pack work they added to their food supply 
by the carcasses of such huge monsters of the forest 
as the mammoth and the l)ison. The domestication 
of animals and the cultivation of cereals as a con- 
tribution to food supi)ly have not escai)ed their notice 
and the authors have nicely shown how our ancestors 
became i>otters, miners, and metallurgists and ulti- 
mately extended their domain in waters with the 
iiece.ssary outfits of floats and dugoiits. 

Kqually fascinating are their accounts of the 
evolution of .speech and language and the evolution 
of their superstitious and religious beliefs and 
practices. 

One miglit not agree with a few of the authors* 
portraitures, but they do not materially matter much 
to those for whom the book is intended. 

All through the authors spread a spell in their 
writing and the novellic way of description gives a 
living and fascinating picture to the whole account. 

The translators should no less be congratulated 
for their lucid style and mastery of translation. 

T. C, R. C. 

TheDonnan Membrane Equilibrium— By S. (1. 

Chaudhury, D.Sc. Published by A. P. Bhatta- 

charya, Howrah. P]). iii l xv, 1045. Price 

Rs. 10/-. 

The monogra])h entitled ”The Ik)nnan Mem- 
l-raiie Kiiuilibriuin** by Dr S. G. Chaudhury, consists 
of III ])ages divided into eight chapters. 

A considerable i)ortion of the book has been 
devoted to the ihcoretical treatment of the subject. 
Besides giving an account of llie work of Donnan 
and co-workers, the author has attempted to develop 
a theory of his own, the validity of which remains 
yet to be established. 

Leaving aside the theoretical i)ortioii, the hook 
contains a detailed account of the application of 
membrane equililnium to various problems and will 
prove (juite useful to those who are interested in the 
subject. Much useful references to relevant literature 
will also be found in the book. 

So far as the get up and printing of the mono- 
graph are concerned, there is much room for improve- 
ment. 
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LETTERS TO THE EDITOR 

[ 7 / 7 c editors arc not. responsible for the views expressed in the letters.] 


STUDENTISED TESTS OF LINEAR HYPOTHESES 

In an earlier paper by the author ' the general 
llieoiN' of linear estimalioii and tests of signifi- 
cance w hen the variances and covariances arc known 
have been discussed. The procedure, as outlined there, 
is to take a linear compound of the parametric func- 
tions subject to some restrictions and maximise a 
certain expression of their estimates. The object of 
the present note is to demonstrate as to how the same 
lirinciple gives the corresponding tests of significance 
when the variances and covariances are not known. 
OnU' those cases 2vhich are new arc discussed here 
and the author hopes to publish a unified theory of 
tests of significance of linear hypotheses in the coming 
issue of Sdnkhya. 

Lemma. If 7 '/ and 2, . . . k ; y-r, 2, 

. . . k) are stochastic variates with the probability 
distribution 

const, exp ( -- Tj Tj)^ dT exp ( - 


ni 

\aij\^i: daij then the distribution of -\TiTj^a;j\l 
I aij\ is given by 

fe — 2 ^ I 

const, (n 2 (I H V^) ® dr . . . (I) 

Problem /. A samjile of size n, ((-V/.)) (t~i, 2, 
. . . i>, 2 , . . . n) from a p variate population 

being given, to test the hypothesis that the means of 
the p variates are the same we choose a linear com- 
pound 

/i A" I . . . I a' jf (2) 

such that /,=<-• L+ . . . -llj, o and maximize the 
statistic 

(3) 

where ay is the sample covariance between the i-th 
and i-lh variates. The maximum value comes out as 
the root of the determinental equation 


r 

XiXj-V^aij • i 

[ ..L 

I . 7 . .... I ; 0 


( 4 ) 


The distribution of K® is given by (il with k — ip-i) 
and m~(n — p) 

Problem 2. A .sample of size a, {(Xij)) (i=i, 2, 
. . . />, r I, 2, . . . n) and ((;Vy)) O’^i, 2, . . . 


i = 2, . . . w) is available from a 2p variaU- 

population. To te.st the hypothe.sis 

K(.r4)==/t(;///) i==T, 2, . . . /? . . (51 

we use the statistic 

(xj-!/j) + /j{j I/I bij\ . . (()| 

where n by=S (.r /, - //{, ) i + «/) 

r 

which is distributed as ( r) with k = p and m — (n p - i) 
Problem 3. There are p samples of sizes n,<n3< 
Ws . . . drawn independently from /> populations. 
The hypothesis to be tested is that the means of tlw 
populations are the same when it is known that the 
variances are not the same. The o])scrvati()ns from 
the i-th i)opnlation are taken as the observations on 
a variate (i-th variate) and the correspondence among 
the first, second .... and the />-th variates thus con- 
structed is achieved by a random arrangement or by 
keeping the seciuenccs in which the samples are drawn. 
For this observations have to be omitted from 

the i-th sample. The variance covariance matrix cal- 
culated out of this may be denoted by (f//y)). f^t 

Xi, Xof . . . .\ pbe the means calculated for the p popu- 
lations (>« the full sample values. Taking a linear 
compound S/ such that we maxi- 

mize the statistic 

// fj . . ( 7 ) 

Then V“ comes out as the root of the e<iuation 


'y/tfin.j Xi .cj- V'^nidij 
v'wi • y fip 

and the di.strilmtion is given by (1) by putting k 
(p—i) a and m= n- p. 

Problem ,/. Given stimples of sizes and 
from two /)-variate populations we have to test the 
hypothesis that the mean values for the corresponding 
variates are the same when it is known that the liis- 
Persian matrices arc not the satne. Following Ih^* 
arguments indicated above gel the .suitable statistic 
as 

{xj-yj) + ni ay|/|», aij\ (d' 

where xt and y are the means of the /-th characurs 
for the first and second populations calculated on the 
full sample values, and ((ay)) is the matrix of variances 
and covariance obtained from the quantities 


(( 



^n:Jl 
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where xiaund yia are the observed values for the f-th 
character in the two populations and the correspon- 
tlcnce is achieved either in a random manner or keep- 
ing the seipience in which the samides occur and 
omitting (»2~'^i) observed values for each of the 
characters from the 2nd sample. The distribution of 
is same as (i) with fe = i> and /)-i. 

Problem 5. Given three /)-variate populations ?rj, 
.To, w., with identical dispersion matrices to test the 
hypothesis with is nearer to one than to the other, 
on the basis of samples of sizes n,, n., and w., we use 
the stati.stic 

V'‘ = \n (2!/i-Xi-Zi)(2yj-.rj-.^j) + (tij \ j—dij | 

(I 

(i>) 

where 4/M2 + l/wi + l/n;i=6/M and 

«y + »2 /)(> + /»;, ry) where ((t/y)), ((h,J)) ((ry)) 

are the sample dispersion matrices for the three popu- 
lations. The distribution of comes out from (i) on 
substituting k = p and m~ ^ ~ 3 P). 

A variety of other problems will be given in a 
pai>er to be ])ublished shortly. 

C. R.\di£Aki<isuna Rao 

Statistical baboratory, 
lh’e^idency College, 

Calcutta, 17-7-1045. 

■ Uao, C. K., On linear cs.linialiou and tests of linear 
hvp(»lUe>^is. Cuncht Science, 13, 154, UM4. 


ABSORPTION IN DIFFERENT SUBSTANCES OF THE 
PENETRATING COMPONENT OF COSMIC RAYS 
RESPONSIBLE FOR MULTIPLE TRACK PRODUC- 
TION IN PHOTOGRAPHIC EMULSION 

\Vk have for several years i)een engaged in the 
investigation of single and multiple ionization tracks 
produced in Ilford New Halftone plates, which have 
been found to be specially suited to the detection of 
('osniic ray particle tracks. Our investigations have 
been concerned (i) with the measurement of the 
average mass of the particles responsible for the pro- 
tlnction of single and pair tracks. The mass values 
wore ftmnd to vary between 150 and 250 mm. which 
lie within the range of accepted values for meson 
mass, (it) It was conseciucntly assumed that tracks of 
multiplicities between 3 and 7 found in the photo- 
J^iajiliic plates were also due to multiple me.son pro- 
tbtetion. In some of the multiple tracks are found 
lu which the mean grain spacing along the tracks were 
O' I X 10"“* cm.; such tracks were for reasons stated in 
our i)rcvious publications rejected as not being due 
hi Jiiesoiis. The energy E of a meson multiple coii- 
laining n tracks is taken as E =^n. /*c* + Sk„; where 
/^c“ -JO* eV is taken as the meson mass energy 


and ikij the k.E. of the mesons, which for tlie given 
meson tracks vary between to” — 10’' eV, and as such 
are negligible in comparison tu the meson mass 
energy. 

An energy distribution curve for the multiple 
meson pnxluclion in the emulsion was found to have 
a maximum for 11 — 3, i.c., for meson production 
energy o£''^3 which is equal to 3' 10” eV. It was 
lK)inted out l)y us' that the energy distribution curve 
agree (lualitalively with the me.son energy spectra 
given in a recent paper" by Ilaniiltoii, Ileitler and 
Peng viz. in both the energy distribution curve had 
a maxinnim at *^’3 energy. The theory i)roposed 
by Heitler et al is based upon the assumplion that 
the primary cosmic ray particles are protons and that 
each nucleon (proton/ neutron) carries a meson field, 
which is also the field of interaction between nucleons 
existing in atomic nuclei. During a clo.se collision 
between a fast moving nucleon of energy E and a 
stationary one, a portion of the meson field of energy 
K is radiated away to form single or multiple mesons. 
It appears reasonable therefore to assume that the 
penetrating cosmic ra>' particles rcs[)oiisible for 
multiple track ])roductions in photograjihic emulsions 
are ijrimarily nucleons. There are also evidences 
acciumilaling that photons can also produce mesons 
hut we are not interested in it in this communication. 

The characteristics of the effective penetrating 
co.sinic ray particle can also be determined from a 
study of their absorption in different .substances. It 
is the purpose of the present cominuuicalion to report 
on the results obtained by us. The method utilized 
^vas to keep Ilford Halftone plates exijosed to co.sinic 
radiation al Darjeeling (7000 ft.), Sandakphu 

(12,000 ft.) and riiari Jong (14,500 ft.) under (t) air, 
(o') cm. thickness of paraffin and water and 
(iii) under different thicknesses of lead upto 5 cm. 
The total number of tracks, checked to lx* due to 
mesons, which appear per cm.“ of surface when ex- 
l»osed for 100 days to cosmic rays were measured 011 
the different plates, and from the results of the 
inea.surements the absorption of the primary particle 
of average energy 10” eV per cm. in the different 
absorbers were calculated in the following way. 

Consider a layer of thickness / of an absorber 
made up of i)araftin, above and below which photo- 
graphic plates with emulsions of thickness 8 t equal 
to 70 X TO" ‘ cm. are kept exi)Osed to cosmic radiations. 
\W assume that within the limits of our measure- 
ment, a the co-efficient of absorption of the radiation 
IS independent of its energy and therefore E-Roe“^‘ 
If h'o is the energy incident on the upper photographic 
plate per cm.' area per hundred days, and E on the 
lower plate, Ni and Nj are the total number of tracks 
])er unit area for the same time on the upper and 
lower photographic plates respectively, then Nj x 10* 
= aoEo 5 t and N3xio*=«o4 E 5 t. 
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Since both i)arafiln and the photographic emulsion 
contain hydrogen and carbon abundantly, we take the 
absorption co-efficient to be approximately the same 
in both. iM'oin these e(iiiations we can get the value 
of T5t> Ihe energy absorbed in thickness t of absorber 


and 


also of 


If* - y 


the energy absorbed ner unit 


thickness of an absorber. 


If X is the nuinber of penetrating i)articles, 
elTeeli\e in nuiltii)le meson production, incident per 
niiil area in the given time, then Ei.o/N is the average 
eiiergN’ of each particle and E‘ N is the energy loss 
per cm. track length in the given absorber. It can be 
shown that protons (neutrons) and not me.soiis are 
primarily responsible for such track production. 
Estimates for the proton fraction present in the 
l)rimary penetrating particles vary from 2 to 7 per 
cent. W’e have taken it to be 5 per cent. Christy 
and Kusaka’s‘‘ formula has been used to calculate the 
number of penetrating particles present at different 
altitudes ; we have taken the cut off energy to be 
c^ The energy loss in different absorbers have 
been expressed in Table 1 as multiples of the ioniza- 
tion loss of protons of average energy lo** eV in 


TABLE I 


lead may be due to the fact that in lead a multi- 
plication of photons takes place, and these are known 
to be efiFective in the generation of mesons. The 5 cm. 
of lead is not sufficient to cut off these secondary 
photons, which produce additional mesons in the 
photographic emulsion. The al>sorptions in paraffin 
obtained at two different altitudes of 14,500 and 
12,000 ft., are in fair agreement with one anothci. 
It is not possible to ititeri)ret the almorinally high 
value for water. More plates will be sent up when 
fresh Ilford plates become available. Last year \\c 
exposed a pair of old Ilford plates one al)ove and the 
other below 18 cm. of carbon at Sandakphii, with a 
view to separating the alisorption due to liydrogen 
from that due to carbon in jiaraffin. The plates were 
found to have become insensitive. 

In conclusion it may noted that the agreement 
obtained between the prediction of Heitlcr’s 
theory and our experimental re.sults depends uj)oii 
our assumption, based upon those of Joluisoii,* 
Wilson* and others that at the altitudes of our 
ineasuremcnts about 5 per cent of the penetrating 
particles are protons. A detailed account of tlic in- 
vestigation will be imblished by one of us (ILC.) else- 
where. 


Lead 

.Vir j Pam dill 

1 

j Water 

4 6 ' 

7-5 i 28 ; 29 

1 

! 41 


Bose Research Institute, 
Calcutta, 5-8-1945. 


1). M. Bosk 
Bibha CnouDiiVKi 


corresiKUiding media — the reasons for doing so is 
explained lielow : 

The energy loss in the different media appear to 
))e inversely proi)ortional to the effective atom masses 
r)f the al)Sorbers, being largest in hydrogen contain- 
ing substances. This gives additional support to the 
view that the primary effective particle is i)rotou 
(neutron). 

Heiller <’/ al have shown that the formula 
deduced by them for energy loss of high energy 
proton ceases to be valid for energy of the order of 
proton mass /.c., 10® eV. At this stage though the 
meson production is negligible, compared to its pro- 
duction at higher energies, the energy loss is still 
much greater than that due to ionization ; a rough 
estimate shows that it would be ten times the latter. 
In addition to the energy losses suffered by the 
primarv nucleon due to ionization and meson pro- 
duction, a part of its energy will be transferred as 
momentum to the stationary nucleon. The transfer 
will be greatest when the latter is free: if the latter 
forms part of •i heavy nucleus of mass M, the average 
momentum transferred will be proportional to i/M. 

The relative absorption co-efficients are all of the 
expected order of magnitude. The low value for 


Bose, Choiulliuri and Sinha, Phys. fi5. 341, 1044. 

HaiiiiUtm, IleitUr and Peng, ibiil., (N. 7K, 1943. 

Christy ami Kusak.a, ibid., 59. 414, 1941. 

Johnson, Barry, Shull, ibhi.. 57, 1047, 1940. 

Wilson, J. G., Pioc. Rov. Soc. A.. I7J, S17, 1941. 


ASSAY OF INDIAN IPECACUANHA 

Chopra .\ni) Mitkkrji' carried out a compara- 
tive estimation of tlic total alkaloids and emetine coii- 
tciii of the Brazilian, the Columbian and the Indian 
Ipecac roots and concluded ‘that the emetine conteiil 
of the Indian root compared very favourably witli tlie 
Brazilian root’. Later work seemed to indicate that 
the results obtained by using the older method of 
analysis might have been invalidated because of the 
readiness with which the emetine underwent decom- 
position. Much attention has .since been given to the 
chemical method of estimating the alkaloid content 
of Ipecac. vSometimes high results are obtained tine 
to the base, choliii, which exists in the root as an 
insoluble tanuate when the assay of Ii)ecac is con- 
ducted by exhausting the root with acid solvents. 
The B. P. 1914 method directly determines the total 
alkaloids from the residue. This method has since 
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been reported to yield higher results and has since 
been modified by the H. P. 1932 method which deter- 
mines the total alkaloids and the noii-phcnolic alka- 
loids. Ill the 6th Addendum to the B. P. 1943, the 
standard of non -phenolic alkaloids has been lowered 
lip to 55 per cent (i.c. I'lo per cent of the total alka- 
loids, 2 per cent). The U. S. P. XII, 1942 has set 
lip a standard of not less than 2 per cent of the total 
ether-soluble alkaloids for Ipecac. In view of the fact 
that a better and more accurate method of a.ssay for 
Ipecac has been available, it was considered desirable 
to reopen the investigation and check up the state- 
ment made nearly 15 years ago by Chopra and 
Mnkerji (loc. at). Interest was further focussed on 
the question when several samples of Indian Ipecac 
roots were forwarded to this laboratory for chemical 
estimation of their alkaloid contents l)y Mr S. N. 
Hal of the Indian Museum. The analytical results 
obtained by employing both the recent B. P. and 
U. S. P. methods with 4 different samples of Ipecac 


suitable for pharmaceutical i)urposes. This conclusion 
is confirmed by the detailed chemical asstiy under- 
taken in this laboratory in collaboration with the 
Botanical Survey of India. 

In view of the above, a conclusifui can Ik* drawn 
that given the projKr conditions of cultivation and 
collection {3 to 4 year old plants), the Indian Ipecac 
roots would agree in almost all respects with the most 
recent standards laid down both in the B.P. and 
U.S.P. Cultivation of Ipecacuanha has been a 
success in the rubber plantations in the Federated 
Malay States. Its importance in medicine, particu- 
larly as a specific treatment for acute amoebic dysen- 
tery, is too well known to need further emphasis. 
KfTort made for its cultivation at the Cinchona Planta- 
tions at Mungpoo have not been very encouraging so 
far. More intensive attention in this direction is 
called for, particularly in view of the enct)uraging 
results obtained from the chemical investigation of 
the 3 to 4 year old plants grown at Mungpoo. 


CoMI'I.KTK ANALYSIS OK DlKKKRRNT I'KOl'ORTloNS OF ALKALOIDS AND ASH CoXTKXTS OK JPICCAC ROOTS 



Total 

alkaloids 







Bv B.P. 1 
Metliod* 1 

Bv r.s.p. 
Method* 

Emetine t 
(Non-pheiiolic 
alkaloid ) 

j Cephaeline 

1 

j Psycholriiie 

A.sh : 

Vcirl-insoluhle 

adi, 

Ipecac No. 1 








(I si year old) 

1-458 

1-426 

1-185 

0-228 

; 0-026 

2-89 

0-06 

Ipecac No. 11 
(2nd year oUl) 

Ipecac No. Ill 

t-704 

1-704 

1-212 

0-502 

0-079 

2-00 

008 


(3rd year old) 

Ipecac No. IV* 

2-330 

2-245 

1 404 

0 864 

0064 ; 

2-25 

0-05 

(4tli year old) 

2-143 

2-125 

1-212 

0-908 

' 0-061 i 

1 OS 

0044 


* n.P. (1932) (IrtiTiiiines the Uital alkaloids as well as tMiieliiie (iion-phenolie alkaloid) while I'.S.P. XII (19-12) deler- 
iiiiiies only the lot.-d etlier-soliihle .dkaloitls, eliiuinatini; the less well kiit)\\n alkaloidal fraetioiis sueh as ecphaeliiie, 
psyrliotritie, ete. 

•)■ n.P, iiiiiit — Total alkaloids 2“, of wliieli 55' o enietiiie (non- ])heiu»lio alkaloid). 

r.S.r. limit 2% of ether-.soluhle alkaloids. 

H n.P. limit for ‘ash eoiitent’ — not more than 
n.P. limit for ‘acid-insoluhle ash eoiilent’— not more than 2'V,. 

R. C. (rUHA 
B. Mukkrji 


r(R^ts received through the courtesy of Mr S. X. Bal 
is given above in a tabular form. 

It would be .seen that judged from every point 
of view either with regard to the total ether-soluble 
alkaloids or with regard to the total alkaloids and the 
emetine contents, the Indian Ipecac root (,, to 4-ycar- 
old saint)les) agrees with the standard specifications 
laid down both in the B. P. and in the U. vS. P. The 
‘ash content* and the ‘acid insoluble ash content* 
also arc within the I}. P. limits. 

Bal* has already published the pharmacognostic 
characters of the Indian Ii)ccac root and has concluded 
that the roots of 3 to 4 year old plants are the most 


Biochemical Standardisation Laboratory, 
flovernment of India, 
no, Chittaranjan Avenue, 

Calcutta, io-iS-19.4.5. 

' Cliopra and Miikerji, hid. Med. (ia:.. 67, -13, 1932. 

* J3al and Dalla, vSciEXCK and Ci lti kk, 10 . 44S, 1945. 


THE INDIAN BULL-F.»^r. (r:ANA T/GFRtNA DAUD.)- 
A MENACE TO FISHERY 

Vkry recently it has been brought to my notice 
{in Uteris, 1-9-1945) by Mr B. N. Das Gupta, Super- 
intendent of Fisheries, Fastern Circle, Dacca, that 
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f)nc of liis District Fishery Officers iuformetl him of 
Rana iigerina Daiul., creating havoc in shallow tanks 
at Kaunia ImsIi farm, Hengal, by devouring carp-fries 
of to I }i inches in size. The percentages of morta- 
lity of fries attributed to frogs alone arc said to be 
great. .Mr Das (hipta, in course of his inspection of 
this area, was an eye-witness to a bull-frog engulfing 
half of a cari)-iiy measuring about 2 inches in length. 
In this connexion 1 recall a similar incident occurring 
at some ponds at Dacca, of which 1 heard last year 
from Mr vS. N. llasu, vSiii)erinteiidcnt of Kish Farm, 
Bengal. It is well known Ihiit R. tiger ina is extremely 
predacious and cannibalistic too^~'"‘, but among its 
much-varied menu the fish was not tabled. As I am 
not aware of any written record of R. tigcrhia eating 
up carp-fries and thus causing damages to nursery 
tanks in fisheries, I think it worth while to add 
another variety to its alrcad>* too large a bill of fare. 

Two other species of frogs, viz., R. cyanophlyctis 
and R. hexadaciyla are said to eat frogs and tadpoles. 
The latter is commonly a soutli Indian frog, but its 
occurrences in Bengal arc rare and sporadic*’ ", while 
the skipper fn)g R. cyanophlyctis is a constant resi- 
dent of all tanks, ponds, etc., throughout all parts of 
India especially during monsoon months. From their 
menu it cannot be said with any degree of certainty 
that they arc as rapacious as the bullfrog. Nonethe- 
less, it is wortli investigating if these species (besides, 
of course, R. tigerina) indulge in eating carp-fries. 

lb)vve\er, the recent incident, noted above, should 
certainly arou.se great interc.sl in considering R. 
tigerina as a menace to fish nurseries. 

J. D. Bhaduki 

Department of Zoology, 

I^niversity of Calcutta 

Ballygunge Circular Road, 

Calcutta, 15-8-1945. 

' Charringtoii, II. N., J. Bom. Nat. Hist. Soc.. 41, 688, 1940. 

* Deshpande, D. S., Proc. hid. Sci. Con},n\, Calrutta, 22, 

321, 1935. 

" Dharinakumarsiiigliji, U. K., J. Bom. Sal. Hi'it. Soc.. 
42, 200, 1940. 

* Malienclra, B. C., ibid., 33, 724, 1929. 

* McCann, 0., ibid., 36, 152, 1932. 

^ Uhaduri, J. b., J. Bom. Nat. Hist. Soi\. 36. 514, 1933. 

^ Hhaduri, J. L., ibid.. 44, 068, 1940. 


HIGH FREQUENCY DISCHARGE THROUGH OXYGEN , 

During the. course of an investigation of the 
spectrum of oxygen excited by h.f. oscillations pro- 
duced by a Telefunken valve (220 volts, 0.15 amps.), 
peculiar visual observations, regarding colour and the 
physical form of the glow of oxygen have been made. 
To start with at comparatively high pressures of the 
order of icm of Hg the glow first appears faintly and 


remains confined only to the electrodes as usual. On 
reducing the pressure the glow first extends within 
the electrodes, bulging out in the centre and then 
conically beyond the electrodes and gains in inten- 
sity. The colour of the glow is greenish yellow and 
there are observed, as is expected theoretically, two 
maxima of intensity, which correspond to capacity 
readings 88 and 55 (AA295 and 200 metres) respectively 
(with electrodes about 6 cms. ai)art). 

Now when the discharge tube is run for about 
72 hours or so, the glow of oxygen develops both in 
colour and in form. Tlie greenish yellow glow 
changes over to a more intense golden yellow glow, 
extending more and more beyond the electrodes. It 
finally splits up into three intense parts, one in the 
centre of the electrodes and the other two, much 
beyond the two electrodes, with a smoky diffuse glow 
smeared over throughout and extending much bcyoiul 
the tw^o intense parts. After an hour or so more, the 
glow becomes completely extinguished.**' The whole 
development takes place in about 50 to 60 liour.s at 
the most. 

It should be noted here that along with the ileve- 
lopincnt ill colour and form of the glow there occurs 
an equally, or even more, remarkable change in the 
intensity maxima. At first the higher ('apacity read- 
ing, 88 (A295, nietre.s) corresponding to one of the 
maxima of intensity shifts to lower and lower values, 
whereas the other capacity reading, 55, (A.>oo metres) 
corresponding to the other maxima of intensity re- 
mains unchanged ; finally, l)oth the maxima of iiiteii- 
siiy coincide at the lower capacity reading, 55, (A200 
metres) and after some lime more the glow disajipears 
altogether. 

This periodic disajqiearance of the oxygen glow 
was at first suspected to be due to a possible leak in 
the discharge till) . Repeated observations, however, 
have ruled out completely the possibility of there being 
any leak in the discharge lube. It is further observed 
that once the glow' has disappeared in this way it can 
be brought back only by admitting a little more of 
ox>gcn in the discharge lube. This reappearance of 
the glow on admitting a little more of oxygen indi- 
cates clearly tliat the periodic disappearance of tlu 
glow of oxygen is caused by a decrease in pressure of 
the oxygen gas inside the discharge tube wliich means 
that the oxygen in the discharge tube is lused up 
approximately periodically under the h.f. discharge. 

* The observation may at first sight be taken for I Ik* 
“clean up” effect of oxygen described by U. W. Wood 
(Phys. Rev,, 35, 680, 1930). But it is clearly to be noted 
that it is different from that in the sense that oxygen 
reappears in Wood's tube on heating or .standing tlie tube 
for some time, whereas in the present case oxygen docs 
not reappear by any of these or other devices; in order to 
get the oxygen glow again fresh oxygen has to be admitted 
in the di.scharge tube. 
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Our tliankvS arc due to Prof. Dr R. K. AvSundi, 
under uhosc guidance the work lias been done. 

lyALji Lal 

Department of Physics, 

Benares Hindu University, 

Benares, 27-8-1045. 


OBSERVATIONS ON THE EXTENT OF POLLUTION 
AND GENERAL QUALITY OF MARKET GARDEN 
CROPS GROWN ON SEWAGE 

Durinc; recent years, considerable anioimt of 
attention has been devoted to the study of the quality 
of sewage grown market garden crops as affected by 
pathogenic and other luitrefactive organisms 1 present 
in sewage. A close study of the very large volume 
of literature that has accumulated on the subject 
would show that rather confficting opinions are held 
by different invesligators^ in regard to the suit- 
ability of sewage grown vegetables for human con- 
sumption. In most cases the scientific information 
is neither (|uantitative nor conclusive. Apart from 
th^ alM)ve, there is consideralde amount of sentitnental 
t>bjoction to the use of sewage grown vegetables in 
many parts of the World. At the same time, it is 
very difiicult to collect direct evidence bearing on 
the effects of prolonged use of such crops by men. 
Animal experiments are not likely to throw any frcsli 
light on the subject chiefly because of the fact that 
they possess niucli more powerful digestive systems 
and are usually resistant to the h)U'er grade putre- 
factive organisms. As it is now definitely estab- 
lished, that the use of polluted water is injurious to 
public health, it has been considered desirable to 
approach the subject from that angle by determining 
the distribution and i^ersistence of putrefactive organ- 
isms on sewage farm soils, as als(^ the intensity add 
persistence of such organisms on sewage grown 
vegetables. The following is a summary of our recent 
findings in this direction. 

Saini)les of sewage, farm soils under crops (such 
as amaraiitlius, radi.sh, lettuce, tomato and briiijal) 
taken from different depths at^ varying 

periods, after sewage irrigation (2/I hrs.--72 hrs.), 
have invariably shown the presence of considerable 
numbers of B. Coli derived from the sewage, more 
especially in the surface layers. Successive washings 
of the vegetables have also .shown that the organisms 
persist more on vegetables such as the amaranthus, 
lettuce and radi.sh, than on crops like brinjal and 
tomato. 

With a view to ascertaining whether the bacterial 
forms j)enetrate inside the crops, pot trials were 


carried out with tomatoes, treating the .sewage in 
different ways (chemically and biologically). Com- 
parative .studies with other manures (farmyard manure, 
hongay cake, cow dung and horse dung) and ferti- 
lizers (animoiiiiini sulphate and superphosphate) were 
also coiidiicled. The ripe fruits were plucked at 
intervals during the fruiting period, w, ashed well with 
water, and finally with alcohol and the pulp scoopetl 
out, under sterile conditions, on nutrient agar and 
McConkey lactose agar. The results showed that 
living bacteria were absent within clean whole fruits. 
When the fruits were, however, even slightly in- 
jured, or cracked (as is often noticed in the case of 
tomatoes), they were found very heavily infected in 
the same way as the surface or the exterior of the 
fruits. 

Observations on other sewage growm crot)S have 
consistently shown that they all carry superficial infec- 
tion (presumably due to siilashing of sewage and the 
blowing of dust infected wdth llie organisms^, though 
they are sterile within. It is not always easy to wash 
off or to kill out the infection by cooking. It is here 
that we have the main risk in using .sewage grown 
market garden crops, especially in the raw state. In 
the ca.se of vegetables like lettuce, cabbage and eauli- 
flower, there is also evidence of the water soluble 
matter of the sewage soaking throngli the exposed 
parts. vSuch croi)s usually i)ensh more (piickly tlian 
those gn>wu on water. 

Apart from being carriers of polluting organisms, 
.sewage grown crops may alst) have absorbed (piite a 
considerable amount of the water soluble mailer of 
sewage, including the bacteri.al niela])oliees which 
would be present in .sedntion. Tliese would be defi- 
nitely injurious if they are present in drinking water. 
It is difficult however to say as to how' far these 
t>roducts are oxidized or otherwise transformed in tlie 
plant system. There is however a lively i>ossibilily 
that a certain quantit\' of the sewage constilueiils 
would always be present in the succulent types of 
vegetables which continuously absorb water soluble 
nutrients fnnn the soil. 

The sewage grown crops, e.specially soft and 
juicy vegetables cannot, therefore, be recominended 
wdtli .safety as article of human food. There w’onld 
imdoubteclly be .some who develop’ the necessary 
immunity, but it is reasonable to expect that a con- 
siderable section wall be liable to suffer from some 
form or other of intestinal disorder consequent on 
prolonged consumption of f^wage gniwn cnips. 

Certain grain crops such as ragi, may be raised 
on sew-age. The infection adhering to the grains may 
normally be expected to die out after prolonged 
drying and .storage. The lingering .si)()res would be 
fairly harmless. Plnnhs like the pai)aya ami plantain 
may also be grown, since thew grow w’ell above the 
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ground level and do not, therefore, come into direct 
contact with wet vSewage. 

Sewage has indeed considerable possibilities for 
growing grasses and other fodder crops. The farm 
animals are usually immune to the putrefactive 
organisms from sewage. vSugarcane may also be 
raised on sewage, esi)ecially when the crop is used 
for making or white sugar, because the boiling 
and the other processes will kill out all the polluting 
organisms. 

vSewage farming presents certain unhiue features 
as distinct from the common agricultural practice. 
In the latter case, the manure is applied well before 
the cro]) gties into the soil. The manure undergoes 
oxidation and the putrefactive and pathogenic organ- 
isms, if any be present, are practically killed out 
before the plant actually begins its life. There is no 
further application of any organic manure during the 
life tijne of the cro]), so that the latter is compara- 
tively free from undesirable forms of life and their 
melah/olic products. On the other hand, sewage 
farming involves continued application of a fluid 
which, though rich in fertilizing ingredients, also 
carries a good deal of undesirable forms of life. 
Ordinarily, sewage farms have no facilities for either 
diluting the sewage or for using water for a change 
whenever considered necessary. The sewage is the 
only source of water for the plants, so much so if any 
crop lias to be raised, it has got to be on the sewage 
alone. This naturally raises a number of technical 
proldems of which only one has been referred to in 
the present contribution. There are also a number of 
other i)roblems of practical importance .some of which 
have been solved fairly satisfactorily, while others are 
still awaiting solution. 

vS. C, PlIXAl 

R. Rajaciopalan 
V. Subrahmanyan 

I)ei)artnicnt of Hiochemistry, 

Indian Institute of Science, 
bangalore, 3-0-U)45- 

' licit/., (*. 3<). 224, 1932. 

“ Kolilsrhiittcr, H., Gesundh Inja;., 59, 754, 193(3. 

'Lander, V. K., Acri. Res. JiLsl. Riisa Hull., Id, 725, 1934. 
' Marohoux, Rce. Hym-, 45 , 300, 1923. 

• Mitchell, O. A., Rug. Recoid. 119. (33. 1937. 

'• vStahleforlli. A. W., Ret. Rec. 14, 125, 1934. 

' Wilson, H., Inst. Sewage Puri fic.'it ion (South .Vfrican 
Branch), 1944. 

" Zielslortf, W. and Keller, A., /. PflaiizucniaUr Durguiig 
r. lioctcuU, H //, 215. 1932. 


EFFECT OF VARYING WATER LEVELS ON GROWTH 

OF RICE IN RELATION TO CARBOHYDRATE 
METABOLISM OF THE LEAVES 

Skn' on growth studies of four varieties of rice 
under varying conditions (>f water has reported that 
water standing above the soil suppresses tillering and 
consequently total yield is much reduced ; height of 
the plant increases as water level rises. Ghosh® on 
growtlT studies of rice under varying conditions of 
water in relation to nitrogen absorption has observed 
that the slight differences in nitrogen absorption are 
not sufficient to explain the large differences in 
growth and final yield as noted in his experiments. 
The present note deals with the effect of varying 
water levels on growth of a late variety of ainan 
paddy, “Bha.samanik**, in relation to carbohydrate 
metabolism of the leaves. 

The effect of varying water levels on rice after 
transplantation was studied in plants grown in pots 
in cemented tanks under a levels of watering namely, 
no water in tank, pots watered to maintain a certain 
condition of soil moisture (A), water in tank upto the 
level of soil in pots (H), and water in tank upto one 
foot above the level of soil in pots (C). The data for 
growth analysis have shown that increasing water 
level re.sulted in diminished meristematic activity as 
evidenced ])y the low i)r()duction of tillers. The de- 
duction in number of tillers is associated with the 
accuimilation of sugar in the leaves ; maximum sugar 
content being noticed in the highest level of water 
supply where tillering is much suppressed. Thus an 
inverse relation between tillering and sugar content 
as an effect of water supply is evident. The results 
are given in the accompaying tables. 


TABLE I 

AvKRAC'.K NUMRHK ok TlT.l.IiRS I'KK I'l.ANT 
ITccfes ajter Imnsplaiitaliou 


Treat ineiit 

ir 

III 

IV 

\' 

VI 

VII 

VIII ! IX 

A 

20 

1 3-5 

5-3 

71 

! 8-3 

90 

91 i 90 

B 

1-8 

2-7 

3-6 

4-9 5-2 

5-1 , 

51 1 4-8 

C 

1-4 

2-1 

1-8 

1-9 1 2-4 

3.6 1 

2S 1 2-(i 

1 


vSiniilar relation between tillering and sugar con- 
tent has also been shown by Gregory and Baptiste’ 
in their work on carbohydrate nietabolisin in relation 
to nutrient deficiency and to age in leaves in barley. 
In N-deficiency the accumulation of sugar takes 
place and this has been found to be related to low 
meristematic activity as indicated by the reduced 
number of tillers, while K-deficiency shows in- 
creased tiller number and low .sugar content. It has 
l)een suggested that N-deficicncy checks i.)rotei]i 
synthesis leading to the reduction in tillering and 
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thus explains that sugar not being utilized accumu- 
lates in the leaves. While in K-delicieiicy consider- 
able protein synthesis and inaxiniuni nuinber of tillers 
explain the low level of sugar. In treatments with 
water it ai)pears that water standing above the soil 


Table ii 

Total suoak as PRRCKNTAOii or dry wric.ht 


Leaf No. Treatment 


7 A 
B 
C 

8 A 
B 
C 

9 A 
B 
C 

10 A 

B 
C 

n A 

B 
C 


■ ■ 

1 

8 \.M. 

1 5 P.M. 

1 

21*808 I 
23-841 1 

33-917 

10620 

22-235 

37-134 

16138 
28-904 1 

34-242 

j 17-526 

1 24-525 

38-314 

11-905 

23*877 

37 -083 

17011 

26-746 

33-442 

13 92.S i 
23-188 1 

23-534 i 

16-429 
20 806 
23-593 

13-676 j 
21-252 ! 

18-188 ; 

12-082 

13-575 

28-382 


I 


inhibits the laying down of tiller meristems in the 
axils of leaves which lie submerged in water. Due 
to this low ineristematic activity demand for sugar 
decreases resulting in an increased sugar content in 
the successive leaves. In treatment where soil is free 
from water-logging greatest number of tillers were 
produced and the maximum utilization of sugar was 
noticed. That the synthesis of sugar is not limiting 
the production of tillers in treatments with standing 
water is evident since sugar is already in excess in 
the leaves in treatments with water. 

Full details of the experiment will be published 
elsewhere. The work was t'arricd out in the Botanical 
Laboratory, Calcutta rniversity under the guidance 
of Prof. S. P. Agharkar, (iliose Professor and Head 
of the Department of Botany, Calcutta University for 
which my grateful thanks are (hie to him. 

B. N. C.HOvSii 


Central Agricullural Research Station, 
Dacca, Bengal, 

5 - 9 - 1045 * 


‘Son. P. K., Imi. Jom, . 1 . 1 , 07 . Sc., 7, 1, 1937. 

• Ghosh, B. N., M.Sc. Thesis, CalcuUa rnivtTsity, 1936. 
“Gregory, P. G. and Baptiste, I?. C. I).. Aunals of Botany, 
50. 579, 1936. 
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Indian Science News Association 

PROCEEDINGS OF THE TENTH ANNUAL MEETING 


IT^HE Tenth Anmuil (leneral Meeting of the Indian 

Science News Association was held on September 
u, 19/J5 at 5-30 i*.M. in the hall of the Applictl 
Chemistry Department at the University College of 
vScicncc, Calcutta. 

In the absence of Sir U. X. Brahiiiachari, Presi- 
dent of the Association, Prof. P. N. Ohosh, Vice- 
President was in the Chair. 

The proceedings of the last annual meeting were 
read and confirmed. 

On behalf of the Secretaries Prof. P. Ray sub- 
mitted the following report of the working of the 
Association and the audited accounts for the year ist 
July, ic^4 to 30th June, 1945. 

Annual Report 

The Council of the Indian Science News have 
much pleasure in submitting this, the Tenth Annual 
Report and the Statement of Accounts for the i)eriod 
July I, 1944 to J«ne 30, tq 45- 

Membership 

During the last year f.e., 1944-45, new mem- 
bers joined the Indian Science News Asociation as 
compared to 14 in the previous year. 

The number of life members at the close of the 
year under^ review was gr compared to 89 on the 
corresponding date last year showing an increase 
of 2. 

SCIENCK AND Cui.TUKK 

The total num!)L*r of copies of Science and 
Culture despatched in June 1945, the last month 
of the period, was 1385 as compared with 1127 in the 
same month of 1944. The number of subscribers in 
June 1945 (including members of the Association) 
was 1157, which represents an increase of 203 since 
Juno, 1944. The actual number of new subscribers 
enrolled was however 251. 

Tn the absence of high (luality paper, we had to 
print . the journal on inferior material. Since last 
August we have been able to procure a superior 
quality of paper and wc expect to provide a still better 
stuff from the next issue. 

During the year 1944-45 authoritative articles 
from the i>cns (d specialists were j)ublishcd and the 


high standard of the journal was maintained inspite 
of the abnormal situation arising out of the war. 

PtXCHANGK JOURNALvS 

The total number of copies of the journal sent 
out every month in exchange and for , review was 73. 
We received in exchange 38 Indian and 17 foreign 
journals. We also received journals of learned 
societies and publications of r«overnmcnt Scientific 
nei)artments. Several Calcutta newspapers, vis., The 
Statesman, the Ilindusthan Standard, the Amrita 
Bazar Palrika, Nationalist, and Jugantar siii)ply their 
daily issues iu exchange. The well known Madr.is 
daily the Hindu, has also been added to the list. Wc 
send the journal regularly to several Societies and 
Institutions on request. 

Adair, Dutt Research Fund 

We are glad to annouce that the well known firm 
of Messrs. Adair, Diitl Co. Utd., dealing with 
scientific iiistrunieiits, has placed at our disposal a 
further sum of Rs. 8,200/- for award as research 
scholarshii)s. 'I'lie following scholars, at present 
engaged on research work, are paid from this fund. 

(1) Mr. Satyendra Nath Ghosh Upper Atinosidiere. 

(2) Mrs. Amina Rahman .. Biochemistry. 

(3) Mr. Jyotinnay Hhattacharji D. 1 ). T. 

(4) Mr. Anial Chandra Ghosh .. Cyclotron. 

(5) Mr. P. Nandi .. Microbiology. 

(For Statement oj Accounts, see last page) 

( I rants 

We are grateful to the authorities of the Univer- 
sity of Calcutta, the Bengal Chemical 1 arid Pharma- 
ceutical Works, btd., and the Iiidiau Association for 
the Cultivation of Science for renewing their annual 
grants. The amounts of these grants are as follows : 
Calcutta University ... ... Rs. 500 

Bengal Chemical & Pharmaceuti- 
cal Works, btd. ... ... ,, 500 

Indian Association for the Cultiva- 
tion of vScience ... ... ,, 100 

During the year the Association was fortuiialf 
enough to receive the following donations, for which 
wV express our siiicerest thanks to the donors. 

Mr R. P. Shaha ... ... Rs. 2,000 
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Rockefeller Foundation Grant 
through National Institute of 
Sciences of India ,, 750 

Our thanks are further due to the Authorities of 
the Calcutta University for accommodating the office 
of SciENCK AND Culture in the University Science 
College building. 

Acknowledgement 

We owe a debt of gratitude to our subscribers 
and well-wishers who have helped us in securing new 
subscribers. We would in this collection mention the 
name Mr S. Bose, Meteorologist, Bangalore, who 
has supplied us with a fairly large slock of hack 
numbers of Science and Culture, free of njsi. 

Conclusion 

This war has been largely fought by scientists 
working indefaligably in the laboratories, factories, 
universities and in the held, behind the fighting 
services. The way in which they have solved war 
lime i»roblems of food, clolliiiig, housing, medicine 
and public health is a pointer to the immense respon- 
sibilities which rest on the scieiUisls in the new era 
of reconstruction to follow the war. h'orces of reaction 
menacing i)eacefiil e.xislence have been won for the 
time being and the war is won, but mankind is yet 
to score a victory over the ])eaee-time axis combina- 
tion of j)overty, disease and malnutritiuii, and to this 
one may as uell add blind unrea.soii and savage pre- 
judice, threatening all alteiiipis at the establishment 
of a better social order. Mol>ili'/.ation of science in all 
Nplieres of human activity can alone help us to win 
a total and indivisible peace just as a total war. We 
are confident that our journal, in co-operation with 
the scientists of all i>aiTs of India, will he called upon 
lo pay a more iniiioiTant and vital role in the years 
aliead when problems of recoiistnicliou will come up 
for solution before the nation. 

(For Staleniciil of uccount scr m.vl pa^c) 

The following persons were unanimou.sly elected 
officers and members of the council for the year isl 
July, 1945 to Aoth June, 1946 : 

President. — Sir U. N. Brahmachari. 

Vice-Presidents . — Dr S. C. T,aw, Dr Baini 
iVasliad, Prof. N. Saha, Prof. 1 ). N. Wadia, vSir 
vS. Bhatnagar, Prof. P. X. (iliosh, Prof. S. K. 
Mitra. 

Treasurer. — Prof. P. C. flitter. 

Secretaries. — Prof. P. Ray and Dr D. M. Bose. 

Members . — Prof. S. P. Agharkar, Dr B. Ahmad, 
Ml H. p. Bhauiiiik, Dr B. C. Guha, Dr K. Biswas, 
br W. D. West, Col. vSir R. N. Chopra, Dr M. S. 
^^nshnan, Sir J. C. Ghosh, Dr D. S. Kothari, Mr B. 
^ Maitra, Dr S. C. Mitra, Prof. H. K. Mookerjee, 

J. N. Mukherjee. Dr John Matthai, Mr M. M. 

Dr S. U. Hora and Dr A. C. Ukil. 


The Kditorial Board of vSciENCE AND Culture for 
the next year was constituted with Sir J. C. Ghosh, 
Prof. M. N. Saha, Dr A. C. Ukil and two vSecretaries 
as ex-officio members. 

The President then delivered his address of wel- 
come and laid stress 011 the great service which 
Science and Culture rendered to the cause of 
spreading scientific knowledge among the Indian 
peoi)le, during the difficult years of the war. 

^Ir G. U. Mehta, the (lUest in Chief, in course 
of his address, remarked : 

"Our age is one in which power is being siil)- 
stituted fur older and I letter ideals and this is happen- 
ing ill science as in other spheres. 

In the modern world the power of science had 
become great and it was science as an iiistrumeiit of 
power rather than science, as a method of arriving at 
Iruth that ai>pealed to people. The ordinary man has 
been thrilled and awed, bewildered and is now even 
frightened of science, especially after the invention 
and use of the atomic bomb which has been a shock 
to moral conscience. 

The W’est is drunk with power and utilizes 
science for domination and exiiloitation of weaker 
peoples of the world. liven during this war, there 
have been remarkable and epoch-making scientific 
discoveries and inventions like radar, penicillin and 
plastics. But We.steru civilization has also given us 
the blessings of air-warfare, iioison gas and toriiedoing, 
which arc ciiually the fruits of science. In the next 
war, it is evident that the side which secures the 
first !)low will will. 

The atomic bomb has been justified on the 
ground that the end justifies the means. But a good 
end if jt cannot I)c achieved without wholeside and 
indiscriminale slaughter, is not worth achieving. It 
is certain that the e.xiicrience gained in war of using 
not only the results of scientific research and inven- 
tiveness but the scientific approach to wider problems 
is indispensable to the solution of the problems of 
peace." 

Concluding Mr Mehta observed : "We nuist 
have a right conception of the ends of life because 
science can only provide us with the means. Man 
is becoming so strong that tinless he becomes wise, 
he will perish. The West must imbibe some of the 
wisdom for which it de.spises the East." 

The Association had the pleasure of the presence 
i)f Col. S. U. Bhatia, one of the members of the Indian 
Scientific Mission that visited the U. K., U. S. A. 
and Canada. Col. Bhatia appreciated Mr Mehta's re- 
marks and made a few brief and candid observations 
regarding the social aspect of scientific research and 
ailvancement. 

Prof. S. K. Mitra proposed a vole thanks to the 
Guest in Chief. 
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Ltd. in Current .A/c. ... 

3,059 4 6 









(c) With Treasurer 

89 3 6 





4,896 10 0 


Rs. 33,262 2 9 Rs. 33.262 2 9 


AUDITOR’S REPORT TO THE MRiMIlKUS 

I have aucli'ed tlie above Receipts ami Payineiits Account of INDIAN SCTKNCK Nb)WS ASSOCIATION 
under Act XXT of 1860) for the year ended 30lh June, 1945, with the hooks and yf»iiclurs and have obtained all 
the information and explanations I have required. I certify that the said account is correctly slated in acc«»nl.m<T 
with the books of accounts of the Association. 

Sd. S. K. Sd. A. K. Ghosh, Stl. P f. Mittrk, 

6, Old Post Office Street, Sd. P. Ray, Government Diplomaed Accounlanl, f1on. Treasim’i, 

Calcutta, the llth Aii,ti:iist, 1945. Honorary Secretaries, Register Accoitnlnnl , 

Auditor, 


ADAIR, OUTT RESEARCH FUND 


Receipts and Payments Account for the year ended 30th June, H}43. 


RECEIPTS 

Rs. As, P. 

US. AS. P. 

PAYMENTS 

RS. As. 

P. 

To Opening Balances on 1-7-44 : - 



By Stipend 



( 0 ) At Bengal Central Bank 



„ Establishment 



Ltd. in Savings .A/c. ... 

5,536 2 I 


,, Accountancy Charges 



(6) With Treasurer 

28 10 6 


„ Contingency 



... 


5,564 12 7 

„ Bank Charges 



„ Indian Science News Association 


8.200 0 0 

„ Closing Balances on 30-6-45 



,, Bank Interest 


98 7 6 

(fl) At Bengal Central Bank 






Ltd. in Savings A/c. ... 

10,359 4 

7 




(6) With Treasurer 

165 15 

0 


Rs. AS. IV 
3,125^ 0 n 
200 0 0 
10 0 0 
2 11 6 
0 5 0 


10,525 3 7 


Rs. 13,863 4 1 


Rs. 13,863 4 1 


NUDITOR'S REPORT TO THE MEMBERS 

.T have audited the alxive Receipts and Payments Account of ADAIR,^ DUTT RESEARCH FXIND fi)r the year ended 
30th June, 1945, with the books and vouchers and liave obtained all the information and explanations I have required 
I certify that the said ac<!onnt is correctly staled in accordance with the books of accounts of the Fund. 


6, Old Post OiVice Street, 
Calcutta, the llth .\ugust, 194.^. 


P. Ray, Sd. A. K. Ghosh, 

Secretary,, Government Diplotnaed Accouniatd 

G. Bhattach.\rya,>, Registered Accountant, 

Treasurer, Auditor. 

Adair, Outt Research Fund. 
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WHAT NATIONALISTIC INDIA STANDS FOR : 

MANIFESTO BY THE CONGRESS HIGH COMMAND 

THE HIGHLIGHTS ARE: 

(1) The Couirress stands for equal ri^^lits and opporinnitics for every citizen of 
India, 

(3) It stands for the unity of all eoninmnities and religious groups and for 

tolerance and good-unll betzeeen thew. 

(d) It stands for full opportunities for people as a whole to grow and develop 
according to their own wishes and genius. 

(4) It stands for freedom of each group and territorial area to develop its own 

life and culture within the larger framework. 

(5) It stands for the re-grouping of provinces on a linguistic and cultural basis. 
(()) It stands for fights of all those suffering from social tyranny and injustice 

and for the removal for them of all barriers to equality. 

(7) The Congress envisages a free democratic state with fundamental rights and 

liberties of all its citizens guaranteed in its constitution. 

(8) The Congress stands for a federal constitution with a great deal of autonomy 

for its constituent units. 

(0) The Congress will tackle the most urgent and vital problem of India, namely, 
the removal of the curse of poverty and raising of the standard of life of 
the masses. 

( 10) The Congress stands for modernisation of industry and agriculture and social 

control of all sources of wealth, methods of production and distribution so 
that India may grow into a co-operative commonwealth. 

(11) In international affairs the Congress stands for the establishment of a 

federation of free nations, and 

(12) The Congress will chainpion the cause of the freedom of all subject nations 

and elimination of imperialism rveryirhere. 

Science and Culture has been advocatinj: a national programme on the above 
lines, for the last ten years and it is i>:ratifyin.e: that the Congress High Command 
has now made it the basis of their ai)i)eal to the country for the forthcoming 
elections. 
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THE LOGIC OF THE ATOMIC BOMB 


TT is said that Louis the Rrand monarch who 

nilcil PVaiicc during the seventeenth century, 
caused the words ''Logice Regum*\ i.e., Lo^ic of 
Kings to l)e inscribed on his guns. It is well known 
to students of hivStory that flushed with power, Louis 
tried to apply this logic to the countries surrounding 
France, viz., the Kethcrlands, Cermany, Spain and 
Italy. For a time, the logic of guns worked all 
right, and in favour of France. But when the rulers 
of these countries combined and began to retaliate 
on Louis witli the same logic, a bitter struggle 
ensued, hut itltiniately the grand monarch’s projects 
collapsed, and he had ta suffer defeat, humiliation 
and extreme bitterness of disai)pointment during the 
closing years of liis life. 

History has now repeated itself. Hitler who 
tried to repeat the exploits of the grand monarch by 
the use of bombing aeroplanes, tanks and guns as 
the King’s or should we say the Dictator's lj)gic 
has been defeated and destroyed by the u.se of his 
own logic, and has dragged down in his fall, the 
great country of Germany to a depth of degradation 
unknown in her history. But Hitler had hopes that 
Ciermany’s scientists would be able to devi.se a 
weapon far more terrible in its effects than anything 
hitherto known and he would be enabled to apply 
this new logic, i,e., the logic of Atomic Bombs, on 
his adversaries in a last hour attempt to avoid en- 
circlement, and destruction. But his scientists pro- 
bably failed him by a few months, and it was 
reserved for his adversaries probably to some extent 
aided by captured German scientists, to bring this 
weapon to perfection, and apply this logic on Japan, 
and compel that proud country which has never 
known sul)jection to her knees. 

A .story of the discoveries in physics which led 
to the invention of the Atomic Bomb has been given 
in the August number of SeiKNCK and Cui/nikE, and 
Great Britain’s part in the work is recounted in a 
l)ublicatioii by H. M.’s Government which is repro- 
duced with a running commentary in our next 
article. The part i)layed by the chief actor, viz., 
the U. S. A. and of Canada is not yet known with 
precision, but can be guessed. The potentiality of 
the great discovery of Uranium Fission by Otto Hahn 
in 1039 had been almost immediately grasped by the 
leading scientists of all nations, but probably if things 
were left to run their usual course, the actual inven- 
tion of the atomic bomb would have taken decades, 
and it was rpiite possible it might never have come 
at all. But as our next article shows the exigencies 
of the war compelled the leaders of allied nations to 
mobilize their best scientists and technicians in an 
alLout effort and place at their disposal unlimited 


funds for carrying out the necessary cxperinients on 
a scale undreamt of before. And thus was evolved 
the great weapon which cut short the war by at 
least two years. *•' 

But there is another side of this fascinating 
story of the power of co-operative scientific 'effort, 
which is far less pleasing ! It is the question of the 
probable use of the logic of the Atomic Bomb in 
future conflicts^ on the course of human history ! 

As our London contemporary Nature (Augu.st ii, 
1945) imts it : 

“(Jreat Britain, the United Slates of Ainericu, and 
Canada hold in their hands a weapon with which they eaii 
doiiiinate the world.” 

Our contemporary either fails to note, or refrains 
from saying so from a sense of delicacy that these 
countries dominate three-fourths of the land sttrface 
of the globe leaving only one-fourth tn Soviet Russia. 

The pre.sent position is that the U. S. A‘. being 
already in the possession of the secret technical 
knowledge of the atomic bomb, and having all in- 
dustrial plants ready is in a position to produce a 
fairly good number of far more powerful atomic 
bombs within a short time, and has shown herself 
extremely reluctant to share this secret with any 
other power. This has given rise to an outburst, 
which afipears to us largely hypocritical, of moral 
indignation on the part of some powers w Inch are not 
possessed of the secret, though they have not in the 
past, show n any scruples in using Louis XIV’s logic 
on their own subject races. 

It is doubtful w'hetlicr any other power is just 
now in a position to emulate the IJ. S. A. in 
the productior of the atom bomb. But lliis 
position f)f inferiority cannot continue for a long 
time, and provided a State is allowed to retain its 
sovereignty, it can undertake making ‘Atomic 
Bombs’, and can probably produce them in sulficienl 
number within a short time, as Profes.sor 01i])hant, 
the Australian physicist who has taken part in the 
evolution of the atomic bomb ])ointed out in a j)res.s 
.statement : “There is not much of secret in tlie 
Atomic Bomb. The fundamental physical processes 

* Compare with thi.s the story of the invention of tlu' 
internal conihu.stion engine. It may not he known to tlu* 
general* public that it was the Dutch physicist Huygens w1i‘> 
made the first .sugge.stioii cif making an iiiternni combustion 
engine in 1660 by a .serei.s of well timed explosion.^ of gim 
powder, but it took two hundred years before the first cru<U* 
internal combustion engine could be prf>duced for the inarki t 
Tlu* di.scovery of Uranium Fi.s.sioii took only four years (<» 
bear fruit in the form of the most terrible engine of war! 
Thanks to vStntc aid and co-operative work of a team <>1 
scientists, technicians and industrialists, centuries have l>ct 
t*ompressed into as tnany years. 
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are well known lo scientists of- all countries, ami 
even those countries who do not possess it now can 
have it within a short time say a few months or at 
most two years if they harness their scientists for 
team work as*the.U. vS. A. had done, and arc pre- 
I)ared to spare the necessary power and ec|uipment.** 
Professor Oliphant thinks that Atom llombs of 50 
times more destructive power than those hurled on 
Hiroshima can he prepared and a few of these can 
destroy all the great cities of a country. 

The effect of a third world war in which vhe 
atomic bomb may bt fully and freely used, on 
human civilization, nay, on the very existence of 
homo sapiens on this planet, will be so frightful 

that blood congeals in our vein to think of such a 
catastrophe ! Those who were responsible for the 
making of the Atomic Bomb, and using it (Ui the un- 
fortunate residents of Hiroshima and Nagasaki have 
therefore taken upon themselves a terrible resi>on- 
sibility. But are these men alive to a sense of 

their responsibility ? 

We have in vain looked for this in the pro- 

nouncements of the political leaders of the ^victorious 
nations. Their statements and actions show that 
they wish to keep the secret to themselves, and 

squeeze the rest of the world, consisting of doubtful 
friends, vanquished enemies and downtrodden colo- 
nials to the **Fail Accompli or Slalus Quo*' by the 
threat of the Atomic Bomb. The result has been a 
most unhealthy race for the new weapon, and 
recently even France has entered the race 1 What 
will be the sequel of this race for atomic power! 

The statements which the Allied statesmen are 
making in justification of the use of the Atomic 
Bomb recalls Dr NobcFs hoi)e expressed on the 
discovery of the dynamite that this and other explo- 
sive winild make war so terrible that in future all 
wars would cease. Perhaiis the (lod of Destruction 
was laughing in his sleeves when Nobel made this 
statement, and probably he is no less amused this 
time over the justification of the use of Atomic IkimV) 
by the war lords, and their satellites on the i)seudo 
humanitarian plea that the threat of atom bonib.-i 
would make any further war impossible.'*’ The 
hollowness of such i)rofessions is apparent to far- 
seeing philosoi)hers like Bertrand Russel who in a 
recent press statement on the Atomic Bomb pointed 
out that if mankind were ever to have peace, there 
should be only an One-Power World. t The impli- 

*Curiously enough, Chengliiz. Khan Jiluiiikuhlia (wcirld- 
<'<>nmieror) when he ordered wholesale niassarre of llir 
inhabitants of tlie ancient city of hnlkh put forward the 
^jnne humanitorian plea vh., wholesale massacre of cili/ciiS 
of one city will frighten the rest of the coiiiilry lo quick 
f'ubniission, aiid thus shorten the war, and avoid unnecessarv 
I'loodshed. 

t Mind that One-Power World is not the same thing as 
die plea of One World, put forward by Wendell Wilkie which 


cations of such a |>olicy is liowcvcr, too terrible to 
think of, hut wlio knows if llioughts, and events, 
as they arc ' progressing, may not be marching 
towards that direction ? But is an One-Power World 
desirable either from the point of view of the 
coiMiuerors or tlie comiucred ? 

WorhFs history has seen something like a One- 
Power World during the days of the Roman Impe- 
rialism (4/1 B.C. to 470 A.n.). True, there were 
other great and powerful countries like China, India, 
and Iran which Imperial Rome was unable to 
conquer, but all these countries except Iran, were 
little self-contained worlds in themselves. Within 
the area round about the Mediterranean sea, the 
Roman liagle flew unchallenged for four hundred 
years over an assembly of ancient and cultured 
nations like Oreeks, Kgyi)tians, Cartliagians, Phoeni- 
cians, and Mesopotamians whose contribution to 
civilization had been as great as Rome’s and a 
medley of culturcless Northern Barbarians from 
whom are descended the modern West luiropean 
Nations. But under Roman domination, though 
the.se C(juntries were relieved of the duty of 
defending themselves and law and order were 
fully maintained, tfie springs of culture of these 
ancient nations dried up almost completely leaving 
a conglomeration of hungry, and poverty stricken 
amorphous i)eoi)le, to whom the very existence was 
a burden. This was the result of loss of political 
sovereignty. The march of civilization was retarded 
for nearly 1,500 years it was recreated and resumed 
by the descendants of m)rthern barbarians. What 
was the effect on Rome itself? The iiiHux of cheai) 
wealth, from colonial exidoitation and accession of 
irresponsihile i)owcr s]>oilt entirely the ancient virtues 
which made Rome great and sapped her very vitality. 
First, as a result of the corruption the big Roman 
families who had built iq) the greatness of Rome 
died out and disappeared, then came rule by foreign- 
horn Romans, and ultimately the original Roman 
Nation disappeared and was replaced hy the 
Romanised Northern Barbarians. The history of 
these declining years of Roman Imperialism is not 
one of progress, and happiness, hut of stagnation, 
decay, famine and pestilence. 

If in the near future, we have Oiic-Power World, 
as ai)pears to he the tendency from the intended use 
of the logic of the Atomic Bomb, its effect 011 the 
rulers would be no less ruinous than on the ruled. 

The ‘vSiipprcssed Nationalities’ of the world 
whose ranks liave now been swollen In- the van- 
quished nations can hardly expect any relief, as 
long as 1)0 wer remains in the hands of the profes- 
sional power politicians, as our old Kautilya says 

means a World united hy common economic ties; hut One- 
Tower World means a world doiiiinaled hy One Power alone. 
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“who, iiinoiij»st those posssesinj* power is not intoxi- 
eated, and does not think he is absolutely rij;ht?“ 
Ihil there is another side of the loj^ic of atomic 
bomb to which the attention of politicians may be 
drawn. The story of the production of atomic bomb 
illustrates, as nothing else does, the tremendous 
powers which science has ])laced in the hands of man, 
for good and for evil. It also shows that if a team 
of well-cho.seii scientists be selected for studying a 
problem in an objective way, and be directed to find 
out the remedy, and if sufficient funds and i^ower 
be placed in their hands to execute their ])lans, they 
can be trusted to solve i)roblems of reconstruction 
which baflle the pn'ofcssional politician and centuries 
of neglect can be comiiresscd into d6cades. The 
* Colonial pcot^lc* which include most of Asia and 
Africa, suffer from extreme poverty, disease and 
malnutrition, may be it is due to tlie stupidity and 
Imckward ideas of the people themselves, or to the 
want c)f initiative, or the policy of exploitation on 
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the part of the rulers. There is no i)oint in si)in- 
niiig out a controversy over these iwints, for it is 
crystal clear that if the great lessons of science and 
technology be a])] died, as Russia has demonstrated, 
towards the development of the resources of these 
exploited countries, they can reach the same level of 
standard of life as in the countries of Europe, say, 
Sweden. But this clear issue is being clouded 
by fogs of controversy in the name of nonessential 
liolitical points, or is being side-tracked by bogus 
post-war plans of reconstruction hatched in the 
.secretariats by persons who have little competence 
and sympathy for such work. But if the rulers of 
the world really wish to uplift the condition of the 
common man tliroiighout the world, let them rei>lace 
the officials in their colonial secretariat by a band of 
scientists, technicians, and economists for objective 
jilanning as Russia got together in her National 
rhmning Commission for the great work of recon- 
struction after the first World War. 


BRITAIN’S PART IN THE EVOLUTION OF THE ATOMIC BOMB 


f'PHH Oovernment of (Ircat Britain liave just i.s.sued 
, a pamphlet entitled “Statements Relating to 
the Atomic Boml)“, (H. Stationery Office, York 
Hou.se, Kingsway, I/ondon, W. C. 2. Price 4^^- 
containing .statements by the Prime Mini.ster Mr Attlee 
and Mr Churchill and a report of the Directorate of 
Tube Alloys, Deiiarlnient of Scientific and lndu,s- 
trial Research. This is the first and the most impor- 
tant official disclosure of the part played by Great 
Britain in the evolution of the Atomic Bomb, which, 
we trust, u'ill be pursued by mir readers with ab- 
sorbing interest. Below we rejiroduce, with our 
commentaries in the footnotes, the text of those 
reports, with the omission of part of the historical 
survey of scientific developments leading to the per- 
fection of the Atomic Bomb, which already appeared 
in our journal and elsewhere in con.siderable detail. 

St.vikmknt by Mr Churchill issl’Ku 
ON Monh.w, Auf;usT 6 th, 1Q45 

By the year 1939' it had become widely recog- 
nized among .scienti.sts of many nations that the 

‘ The prospects of hante.ssing the energy of the atotiiic 
iiucreti.s was lirst rcnderetl possible I>y tlit discovery of 
Uranium Fission in the early part of 1939 by Prof. Otto 
Hahn,- assisted by his ])upil H. Stru.s.seiiianii, in the Kaiser 
Wilhelm Iiislitiile, Berlin-Dahletn, as narrate*! in our article 
on the Atomic Bomb in the August number of SciKNCK Axn 
CuLTURK. It was another German physicist, Flugge who 
first discussed the possibility of ulilizing this process in an 
article in Naturwisscnschaft “Can the Itncrgy of Uranium 


release of energy by atomic fission was a pos.sihility. 
The problems which remained to be solved before 
this possibility could be turned into practical achieve- 
ment were, however, manifold and immense, and 
few scienti.sts would at that lime have ventured to 
predict that an atomic bomb could be ready for use 
by 1945. Nevertlicless, the |K)lentialities of the jno- 
ject were so great that His Majesty’s Government 
thought it right that research should be carried 011 
in spite of the many competing claims on our .scienti- 
fic manpower. At this stage the research was carried 
out mainly in our Universities, jnincipally, Oxfonl, 
Cambridge, Uondon (Imperial College), Liverpool 
and Birmingham. At the time of the formation of 
the Coalition Government, responsibility for co- 
ordinating the work and pressing it forward lay in 
the Ministry of Aircraft Production, advised by a 
committee of leading scientists presided over by Sir 
George Thomson.* 

At the .same time, under the general arrange- 
ments then in force for the pooling of .scientific in- 
formation, there was a full interchange of ideas 
between the scientists carrying out this work in llie 
United Kingdom and those in the United vStates. 

Fi.ssioti be utilized for Practical Purpo.ses?’* An accoiini 
of the discovery was given in SciKNCK and CouTifRii, Jun*‘ 
1941. 

* Sir George P. Thom.soii, F.R.S., profc.ssor of phy.sic- 
in the Iiiiperial College of Science and Technology. He 
famous for his experiment on Electron Diffraction, for wind* 
a Nobel Prize was awarded to him. Son of the famous 
physici.st Sir J. J. Thomson. 
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Such progress was made that by the suiiiiner of 
IQ4I vSir George Thomson’s Committee was able to 
report that, in their view, there was a reasonable 
chance that an atomic bomb could be produced before 
the end of the war. At the end of August 1941 
Lord Cherwell,'* whose duty it was to keep me 
informed on all these and other technical develop- 
ments, reported the substantial progress which was 
being made. The general responsibility for the 
scientific research carried on under the various tech- 
nical committees lay with the then Lord President 
of the Council, Sir John Anderson. In these cir- 
cumstances (having in mind also the effect of ordinary 
high-explosive which we had recently experienced), 
1 referred the matter on August 30, 1941, to the 
Chiefs of Staff Committee in the following minute : 

“General Ismay for Chiefs of vStaff Committee. 

Although personally 1 am finite content with 
the existing explosives, I feel we must not stand 
in the path of improvement, and I therefore 
think that action should be taken in the sense 
proposed by Lord Chcrwell, and that the Cabinet 
.Vfinister responsible should be Sir John Anderson. 

I shall be glad to know what the Chiefs of 

Staff Committee think.” 

The Chiefs of Staff recommended immediate action 
with the maximum jiriority. 

“Dirkctoratk of Turk Ai.koys” 

It was then decided to set up within the Depart- 
ment of Scientific and Industrial Research a special 
division to direct the work, and Impenal Chemical 
Industries Limited agreed to release Mr W. A. Akers 
to lake charge of this Directorate, which we called, 
for purposes of secrecy, the “Directorate of Tube 
Alloys”. After Sir John Anderson had ceased to 
be Lord President and became Chancellor of the 
Kxchequer, I asked him to continue to supervise this 
work, for which he has special (lualifications. To 
advise him, there was set up under his chairnianshij» 
a Consultative Council composed of the President 
of the Royal Society, the Chairman of the Scientific 
Advisory Committee of the Cabinet, the vSecretary 
of the Department of vScientific and Industrial 
Research and Lord Chcrwell. The Minister of Air- 
craft Production, at that time Lord Brabazon, also 
served on this Committee. Under the Chairmanship 
of Mr Akers there was also a Technical Committee 
on which sat the scientists who were directing the 
different sections of the work, and some others. This 
Committee^ was originally composed of vSir James 

* Lord Chcrwell, formerly Professor P. A. Liudeinaiiii nr 
ilie Oxford XTiiiversity. As Paymaster General lie was a 
^lember of the War Cabinet. 

* Sir James Chadwick, F.R.S., Nobel Laureate, jirofessor 
physics, •University of Liverpool, and discoverer of the 

"Neutron*'. 


Chadwick, Professor Peierls, and Drs Halban, Simon 
and Slade. Later it was jtiined by vSir Charles Darwin 
and Professors Cockcroft, Oliphant and Feather. 
Full u.se was also made of University and industrial 
laboratories. 

On October ii, 1941, President Roosevelt sent 
me a letter suggesting that any extended efforts on 
this important matter might usefully be co-ordinated 
or even jointly conducted. Accordingly all British 
and American efforts were jf lined and a number of 
British scientists concerned proceeded to the United 
States. Ajiart from these contacts, complete secrecy 
guarded all tlie.se activities and no .single person was 
informed whose work was not indispensable to 
progress. 

By the summer of 194^ this expanded programme 
of re.search had confirmed with surer and broader 
foundations the promising forecasts whicli had been 
made a year earlier, and the lime had come when 
a decision must be made whether or not {0 proceed 
with tile con.struction of large-scale production 
])lants. Meanwhile it had become aiipnreiil from the 
preliminary experiments that these plants would 
have to be on something like the vast scale described 
in the American .statements which have been pub- 
lished to-day. 

Great Britain at this period was fully extended 
in war production and wc could not afford such grave 
interference with the current munitions programmes 
on which our warlike o])eralions depemled. More- 
over, Great Britain was within easy range of (lerinan 
bombers, and the risk of raiders from the sea or air 
could nol be ignored. The United vStalcs however, 
where parallel or similar progress had been made, 
was free from these dangers. Tlie decision was 
therefore taken to build the full-scale production 
plants in America. 

In the United Slates the erection of tlic iinnicnse 
plants was placed under the resjionsibility of Mr 
Stimson, United vStates vSecrelary of War. and the 
American Army Administration, whose wonderful 

K. Pfivrls, (i(^rniaii ri-fugtv, riiiimu^ wdrkir oil llirore- 
liral pliysirs. Now professor al niriiiiiiviliani. 

H. ilalbaii, I'reiicli pliysieisl, and .m pupil nf J’rofs. I'. 
ainl 1. Joliot-Ctirie. After the fall of I'raiiee, lie iii.'ina,eed l<i 
escape to the P.K. with a large aiiioiiiii of heavy hydrogen 
which was very useful hir the experiiiieiils on Moinit' nomh. 

H. Simon, h'.K.S., (Teriiian refugee phvsieist, a i»upil of 
W. Neriisl, and a great authority cn Low Teiiiperalure 
physics. Now professor al Oxfonl. 

II. Slade, Physical clieniist. 

Sir Charles Darwin, I'.K.Js., and famous theoretical 
physicist, now' Director of the National Physical Laboratory. 

J. D. Cockcroft, F.R.S., profes.st»r in Nuclear IMiysics, 
Cavendish Lahorat(»ry, Cnmhndge, faiiunis for his pioneer- 
ing work on the transformation of Li* hv proton beams. 

oliphant, I'.U.S., professor of Physics in the Pniversily 
of nirmingham; Australian h> birth,' and a famous worker 
on Nuclear IMiysics. 

N. Feather, F.R.S., just elected to professorship of 
jihysics, FMinhurgh Thiiversity. 
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xNork and marvellous secrecy * ciinnot be sufficiently 
admired. The main practical efff)rt and virtually the 
whole of its prodigious cost now fell upon the United 
States authorities, who were assisted by a number 
of Rritish scientists. The relationship of the British 
and American contributions was regulated by dis- 
cussion between the late President Roosevelt and 
myself, and a Combined Policy Committee was set uj). 

The Canadian (lovernment,® whose contribution 
was mo.st valuable, i)rovidcd both indis])eiisable raw 
material for the jiroject as a whole and also neces- 
sary facilities for the work of one section of the i>ro- 
jeet which has been carried out in Canada by the 
tliree Governments in partnership. 

The smoothness with which the arrangements 
for co-oi>cration which were made in 1943 have been 
carried into effect is a happy au.eiiry for our future 
relations and reflects «reat credit *011 all concerned 
- on the members of the Combined Policy Committee 
which we .set u]) ; on the enthusiasm with which 
our scientists and technicians Rave of their best — 
particularly vSir James Chadwick who Rave up his 
work at jRverpool to serve as technical adviser to 
the Ihiited KiiiRdoin members f)f the Policy Com- 
mittee and spared no effort ; and not least, on the 
Renerous spirit with which the whole United States 
organization welcome<l our men and made it i)ossible 
for them to make their contribution. 

By God’s mercy British and American science 
outpaced all (merman efforts. These were on a con- 
siderable scale, but far behind. The po.sscssion of 
these powers by the Germans at any time miRht 
have altered the result of the war, and profound 
anxiety was felt by those who were informed." Every 
effort was made by our intelliRcnce service and by 
the Royal Air Force to locate in Germany anything 
resembliiiR the plants whicli were beiriR created in 
the United States. In the winter of 1942-1943 most 
Rallaiit attacks were made in Norway on two occa- 
sions by small parties of volunteers frotn the British 
Commandos and NorwcRian forces, at very heavy 
loss of life, upon stores of what is called ‘"heavy 
water”, an element in one of the ])ossiblc processes.'* 

•' ‘Niidear Plnsies’ went iin<KTRn)un«l in the V.S. \. 
(luriny die war. .\udiors ainl journalists were forbidden to 
mention anything conneeted witli ‘Nuclear Physics’, and a 
famous American physicist was warned for incut ion ini’ the 
word ‘Cyclotron* in his lecture. 

“ Canada provides almost the whole of tile rraiiiiini-ore 
ro(juired for the making of the .\tf)m Bomb. 

' We have yel to hCar the (ierniaii sU»ry. The Germans 
Rave out that they used some Atom Bombs duriiiR the 
kunsted drive in December, 1944. If they had ilone so, they 
had not received the perfection attained by the AnRlo- 
.Vinericans. It was evident that Hitler built Rreat hopes on 
the .\tom Bomb. 

■* Heavy hydroReii was probably re<iuire<l for inakinR the 
ordinary explosive “iwnnhs” for the jiroduclion of neutrons. 
Norway, with its cheap electric power, has l^eeii the largest 
manufacturer of heavy hydrogen. 
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The second of the.se two attacks was coinjiletely 
successful. 

The whole burden of execution, including the 
setting-up of the plants and many technical processes 
connected therewith in the practical sphere, consti- 
tutes one of the greatest triumphs of American — or 
indeed human — genius of w-hich there is record. 
Moreover, the decision to make these enormous ex- 
penditures upon a project which, however hopefully 
e.stablished by American and British research, 
remained nevertheless a heartshakiiig risk, .stands to 
the everlasting honour of President Roo.scvdt and 
his advisers. 

It is now for Japan to realize in the glare of the 
first atomic bomb which has smitten her, what tlie 
coiisecj lienees will be of an indefinite continuance of 
this terrible means of maintaining a rule of law’ in 
the world . 

This revelation of the secrets of nature, long 
mercifully withheld from man, should arouse the 
most solemn reflections in the mind and conscience 
of every human being capable of comprehension. 
We must indeed pray that these awful agencies will 
be made to conduce to iicace among the nations, 
and that instead of wreaking measureless havoc iiiioii 
the entire globe, they may become a perennial foun- 
tain of world pro.sperity. 

Statkment issued by the Direci'orate (W TunK 

Ai.bOYS (Department ok vScikntific and Inous- 

TRiAi, Research), on Sunday, August 12, 1945. 

vSciENTiFIC PriNCIPI.E 
Discovery of Fission 

Professor O. Hahn and Dr vStrassmann in Berlin 
became interested in this problem- at the end of 1938 
and, from the liarticular point of view of their che- 
mical nature, carefully re-examined the new clenicni.s. 
In January, 1939, they published a most imiiortant 
paper in which they reported po.silive chemical 
evidence to show that one, at least, of the new 
isotoi>es which were believed to be of higher atomic 
number and mass than uranium was, in fact, an 
isotope of the element barium which has an atomic 
number and mass not very different from half that 
of uranium. 

Immediately aftcrw'ards Dr 0 . Frisch® and Pro- 
fessor Lise Meitner*" pointed out that this discover)' 
could only mean that, when uranium was bombardLil 
by neutrons, a nuclear reaction took place of a kind 
utterly different from any so far studied and that iliv 

® Otto Frisch, a Gennan refugee. 

Prof. Lise Meitner, woman-physicist anil life l<>n-^ 
co-worker of Otto Hahn. She was turned out of Gerinnu.' 
in the Jewish purge. 
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uranium nucleus split into tv\o i)arts of rouRhly 
equal mass. This phenomenon, for which they pro- 
posed the name “nuclear fission”, could be explained 
in terms of the theory of nuclear reactions which 
had been developed by Professor llohr in the preced- 
ing: years. They also pointed out that the fragments 
of the uranium nucleus Mould fly apart w ith ^rcat 
cnerRy and this prediction was Riven a direct proof 
by experiments carried out by Dr Frisch in Copen- 
hagen. Confirmation of the reality of the fission 
process witli uranium, and of the great energy 
released which accompanied it, was obtained by 
Professor Joliot in Paris indei)ciulenlly tand at nearly 
the same time) and by other physicists throughout 
the world as soon as the original work was known 
to them. 

Very shortly afterwards, in tlie spring of 
Professor Joliot and his collaborators Drs Ilalban and 
Kowarski gave an experimental proof of the addi- 
tional fact, which was expected on theoretical 
grounds, that when the fission of uranium takes 
place a number of free neutrons is also produced. 
Their first experiments showed this number to be 
about 3, Experiments of the .same types were carried 
out by Drs Anderson, Fermi", Hanstein, vS/.ilard*" 
and Zinn in the U. S. A., and indei)endent confirma- 
tion was obtained of the fact that more than one free 
neutron is produced for eacli fission of a uranium 
nucleus. 

It was immediately recognized that this dis- 
covery was of the very greatest significance and 
that, for the first time, there was an experimental 
basis for the hope that the useful realization of the 
enormous .store of atomic energy in matter could l)e 
achieved. Not only did the fission reaction provide 
the large amount of energy that was calculated from 
tile difference in mass of the reactants and products, 
but the liberation of more than one new neutron each 
time that a uranium nucleus underwent fission made 
l)ossible the continuation of the reliction by the deve- 
lopment of a chain process once the initial .step had 
been taken. Such a chain process wdiild enable the 
reaction, in a suitable mass of uranium, to take place 
at an ever-increasing rate and would involve so many 
atoms that there would be a sensible, and indeed 
possibly an overwhelming, liberation of energy. The 
''hole process could, furthermore, be started by the 
apidication of only a minute -fraction of the energy 

" R. Fermi, Nobel Laureate, iikjsI famous Italian 
l>liy.su'ist of present times wlui was the first to use neutrons 
l'*r producing ‘Transurante Rlement’. It is said that when 
hy discovered element No. 93, now provisionally called 
^^t'I)t^nium^ he propo.sed to Mussolini that it sliould he 
etillcd Mu.ssolinium in his lioiioiir. lUu Mussolini did ih) 1 
^''.sree, as the element was “Unstnhle”. I'eruii was a\varile«l 
NitMel Prize in 1939, and ran away t») T'.S.A., when ho went 
lo Slockhohn to receive the awaril. 

'* H. Szilard, German refugee physicist. 


that would be liberated and the difficulty, hitherto 
encountered in nuclear reactions, of obtaining an 
overall gain in energy would be eliminated. 

It was therefore only natural that there should 
be an outburst of activity in most of the physics 
laboratories of the world with a sjiate of publications 
in the scientific press. This continued until the out- 
break of war, when an increasing sense of the great 
potential value of this work imposed restrictions. 

Certain important facts emerged froin the work 
that was i)ublished during lliis period and theoretical 
conclusions and cX])ectalioiis were announced but it 
is iiardly possible to give any strictly chronological 
account of them. The work was done in so many 
laboratories and the results, somelinies in a very 
preliminary form, were commiinicakd to so many 
journals and published at such varying iiiteiwalH after 
communication that details of priority cannot be 
clearly settled. But reference should be made to the 
visit which Professor Bohr paid to the U. S. A. from 
January till May, 1930. He was able to rejiort 
directly to American physici.sts the experiments 
carried out by Haim, Frisch and Meitner and their 
sngge.sted interpretation of the results. In addition, 
while in the U. S. A., Bohr develo]>ul anil i)nblished, 
in collaboration with Professor J. A. Wheeler of 
Irinceton University, New' Jersey, a Iheory of the 
fission process. 

One important prediction which was made from 
this theory related to the different behaviour of the 
various isotopes of uranium. This clement consi.sts, 
for much the greeiter i>ait (00*3 per cent.), of atoms 
of mass number 238 but there is also an isotope (0*7 
I)er cent.) of mass 235 and a very small proportion 
(0008 per cent.) of an isotope of mass 234. The 
first two, which are conveniently designated by liie 
syjiibols U.23S and U.235 respectively, are the most 
important in connection with the uranium fission 
project. B«>hr predicted, in February, 1939, that tlie 
common isotope, I '.238, would be exi>ecled to under- 
go fi.ssion only when the bombarding neutrons had a 
high energy Iml that the rarer U.233 isotope' * would 
behave differently in Unit it would not only show 
this reaction with high energy neutrons but in addi- 
tion would be particularly liable to undergo fission 
when the energy, and therefore the velocity, of the 
bombarding neutrons was very low. This prediction 
was, in fact, confirmed in March, 1040, by experi- 
ments carried out by Nier of Minnesota and Booth, 
Dunning and (irosse of Columbia University, New 
York. They used a .sample of uranium in which 
the content of U. 235 had been increased above the 
normal value by means of Nier’s mass-spectrograph. 

Ne.\l to till- (lisrovery of tin- fissiuii plivnonuaia, tlu* 
discovery of the importance of I ’.235 wliicli is due to B(jhr, is 
the most iinporlniit work in the deyelopnu nt of ilie .\loin 
Hoinh. 
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It is relevant, at this pniiit, to refer to a different 
phenomenon sliown by the U.23S isotope when 
bombarded by neutrons of one rather narrowly 
defined energy value which is intermediate between 
the very Iiigli energy re(|uired to cause fission of this 
isotope and the very low energy which is most effec- 
tive in causing fission of I '.235. Neutrons which 
liave this so-called “resonance** energy are very 
strongly absorbed by the U.238 nucleus but fission 
does not follow. Instead the new nucleus, which 
now has a mass number 23Q, emits two electrons in 
successive steps and is thereby converted first to an 
isotojK* of an element with atomic number 03 (for 
which the name “neptuniunr* has been suggested) 
and then to one of an element with atomic number 
94. This latter has, j provisionally, been named 
“plutoniunr* and the isotope formed from U.238 
after resonance cajiture of a neutron may be reipre- 
sented by the symbol Pu.239. Neptunium and plu- 
tonium are true “trans-uranium** elements, of the 
tyi>e suggested by Fermi, and are not found in nature. 
Of the two, Pu.239 particular interest in con- 

nection with the general problem of fission and the 
release of atomic energy because it could be expected, 
from the Hohr-Wheeler theory, tf) show the same 
sort of properties as U.235 be capable of 

undergoing fission with the greatest case when bom- 
barded by neutrons of very low energy. 

Reference must also be made to the fact that 
the three neuclear species U.235, U.238 and Pu.239 
are not the only ones that can undergo fi.ssion. The 
two elements next below' uranium in the atomic 
series were also shown to have this same property. 
Thorium, with atomic number go and consisting of 
one isotope only of atomic mass 232, behaves in the 
same way as U.238 and fission can only be brought 
about when the bombarding neutrons have very high 
energy. The very rare radio-active clement protac- 
tinium, with atomic number gi and atomic mass 231, 
behaves, as regards fission, in a manner intermediate 
between U.235 and U.238. These facts, again, are 
all exi)licable in terms of the Bohr-Wheeler theory 
which enumerates certain general rules covering the 
behaviour to be expected with regard to fi.ssifPii of 
any heavy nucleus known or unknown. 

Chain reaction and the Atomic Homh 

The foregoing survey of the development of 
atomic and nuclear physics, though necessarily brief 
and* incomplete, has traced the growth of the idea 
that there are enormous reserves of energy in all 
matter ; that tliese arc of a nature quite different 
from those involved in chemical processes, such as 
the burning of coal or oil or the detonation of T.N.T. 
or other explosives, and that the nuclear reactions 
by which they are released are more comparable to 


tho.se occurring in the .sun or stars or in the natural 
radio-active elements found on the earth. 

While this idea has been formed and steadily 
strengthened since the discovery of the phenomenon 
of radio-activity at the end of last century it is only 
since the discovery, reported at the beginning of 
^939» of the special phenomenon of fission that a way 
has been clearly seen by which this atomic or nuclear 
energy in matter could be released, controlled and 
put to use by man. 

In recent years the enormous effort expended 
on the solution of thi.s problem, practically all of 
which has been borne by the U. S. A., has been 
concentrated on the develoi)ment of an atomic bomb. 
Considerations of .security make it impossible to dis- 
close many of the details of this work but, in what 
follows, some indication is given of the share in it 
which has been carried out in Britain. Before doing 
this, however, it may be worth summarizing the 
nature of the problems relating to the use of fi.ssion, 
either to produce a» violent explosion or 'to liberate 
atomic energy under controlled conditions, as they 
api)earal when the work was organized, with a new 
.sen.se of its urgency and importance, at the begin- 
ning of the war. 

It was generally accei)ted that a chain reaction 
might be obtained in uranium which would, yield 
enormous amounts of energy. This, on a basis of 
ecpial w'eights, would be millions of times greater 
than that produced by the combustion of coal or oil. 
But it was realized that, if this chain reaction was 
to l)e divergent and self-su.staiiiing, certain critical 
conditions must be satisfied. In the first place the 
.sy.stem as a whole must be of such a size that there 
was not too great a probability that neutrons, pro- 
duced in the fission process, would escape from the 
system and so be unable to take any further part in 
the chain process. Secondly the system must not 
contain more than a limited amount of material that 
would absorb neutrons and, in this way again, remove 
their chance of contributing to the divergent fission 
chain reaction. Thirdly, the fact w’as appreciated 
that, if the reaction was not to “rrn away**, it wa^ 
es.sential to make use of neutrons of very low energy 
in the individual .steps of the chain process, (hily 
then would it be po.SvSible to introduce methods which 
would allow the rate of development of the proce.ss 
to be controlled. The neutrons produced when 
fi.s.sion occurs have very high energies but this is 
dissipated as a result of elastic collisions with ihe 
iieclei of other atoms that may be present. Professor 
Joliot and his co-workers in Paris, Professor Fermi 
and other physicists in the U. 8. A. and Professor 
Sir George Thomson and his colleagues in Lonih>n 
w'cre giving thought to the ])0ssibility of usin. 
mixture of uranium and some suitable “.slowim:- 
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down” medium arranged in such a way that the fast 
neutrons produced by iissioti would lose their energy 
by elastic collisions before initiating further fivssion 
in the uranium. A .suitable “.sir wing-down** medium 
must, above all, not have any large probability of 
capturing a neutron and its atoms should be of as 
small mass as possible in order to get the maximum 
rate of loss of energy in the neutrons through clastic 
collisions. The most suitable materials to fulfil both 
these conditions were “heavy hydrogen” or its com- 
pound “heavy water**, helium, beryllium and carbon. 

At the beginning of 1940 Dr Frisch and Professor 
Peierls, of Piriningham University, and Professor vSir 
James Chadwick, of Liverpool University, indepen- 
dently called attention to the i)ossil)ility of t)roducing 
a military weapon of unprecedented power. They 
pointed out that the slow neutron chain reaction 
would not produce exi)losivc effects much greater than 
those obtained with ordinary explosive but that if a 
chain reaction with fast neutrons could be realised the 
explosive effects might be cmn-inous. It was realized 
that ordinary uranium would not be suitable, for 
even if h fj^st chain reaction could be realized with 
it a very large (ptantity of metal would be rc^iuired. 
On the other hand, the isotope U.235, if it could be 
separated, offered great i)ossibilities. It seemed that 
the amount required to make a bomb would not be 
very large, certainly between one and one hundred 
kilograms, and rough calculations of the energy 
released showed that the cxi)losion of such a bomb 
might be equivalent to many thousands of tons of 
T. N. T. 

The explosion of an atomic bomb is very differ- 
ent in its mechanism from the ordinary chemical 
explosion for it can occur only if the (juantit^" of 
1^.235 greater tlian a certain critical amount. 
I'liis is because the reaction dc])ends on the con- 
servation of the neutrons produced in the fissions. 
In a block of pure, or nearly pure, U.235 Ibe 
neutrons will either be absorbed in the mass of metal, 
laoducitig new fissions, or they will escai>e into the 
outer air, thus being w'asted and useless for pro- 
imgatiiig the reaction. The inoportion of neutrons 
wliich escape can bp reduced by increasing the size 
of the block of metal, since the production of 
neutrons is a volume effect and w ill therefore iiicrea.se 
more rapidly with size than the loss by c.scajie, ivliich 
is a surface effect. It follows that if the explosion 
is ])ossible it will recpiire a certain minimuin amount 
of material, which is called the critical size. The 
clmin reaction will develop so fully that an explosion 
occurs only if the quantity of U.235 greater than 
this critical amount. Quantities less than this are 
Uuite stable and perfectly safe. On the other hand, 
if the amount of material exceeds the critical size it 
i'' unstable’ and a reaction will develop and multiply 
2 


itself with enormous rapidity, resulting in an explo- 
sion of unprecedented violence. Thus all that is 
iiece.ssary to detonate a bomb of U.235 is to bring 
together two i)icces each less than the critical size 
but which W'hen in contact form an amount exceeding 
it. 

If an appreciable fraction of the atoms in a mass 
of U.235 undergo fission within a very short time 
the amount of energy liberated will be so great that 
the mass will attain a tein])erature of many million 
degrees and a pressure of many millions of atmos- 
pheres. It will con.sc(|uently expand with very great 
rapidity. As llic density of tlie mass decreases the 
neutrons can escape more easily from it, and the 
chain reaction will come to an end. In order to 
release an ai>prcciable fraction of the available 
energy, it is therefore necessary that the reaction 
should develop so rapidly that a substantial part of 
the material can react before the system has time to 
fly apart. The neutrons j^rodiiced in the fission j)ro- 
cess are fast enough to fulfil this condition (hut not 
if they are slowed down by artificial means as men- 
tioned in the paragraphs above). 

The interval of time betw'een the beginning and 
the end of the nuclear reaction is exceedingly brief. 
In this interval the mass will have expanded so much 
that the nuclear reaction breaks off, owing to the 
escape of neutrons. During this interval a substan- 
tial part of the mass of U.235 should undergo fission, 
releasing a large amount of energy. If only one 
pound of U.235 IS affected this relwise of energy will 
be as much cas from 8,000 tons of T. N. T. 


Thk RKAKizvrioN ok thk Atomic Romr. British 
Activitiks ani> Organization 

(a) Professor Sir ('tcorffc Thomson* s Comniitlee 

• 

A committee of scientists, wdth Professor Sir 
('.eorge Thomson as chairman, was .set up in April, 
10 40, originally under the Air Ministry and later 
under the Ministry of Aircraft Production. This 
committee was inslructcd to examine the whole prob- 
lem, to co-ordinate work in i)rogress and to rei)orl, 
as soon as possible, w’betber the ]>nssibilitics of pro- 
ducing atomic bombs during this war, and their 
inililarv effect, were sufficient to justify the neces- 
sary diversion of effort for this puri)r)se. 

The first step to be taken was to establish the 
nuclear data on w hich depended the possibility of an 
atomic bomb and which determined its size. This 
work had alrexidy begun at Ijverpool early in 1940 
under Professor Sir Tames Chadwick and it was now’ 
pushed on more rapidly wntli Drs Frisch and Rotblat 
as his senior collaborators. As the work developed 
and further problems appeared, it w’as extended to 
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the Cavendish J^ahoralory, Cambridge, imdet Drs 
P'eathcr and Eretscher. This also had the advantage 
of providing an insurance against i)ossiblc interrup- 
tion from the effects of enemy bombing, to which the 
Liverpool labcnatory was somewhat exposed. The 
many theoretical aspects of the problem were investi- 
gated by Professor Peierls, assisted by Dr Fuchs and 
others. They used the experimental data provided 
by Liverpool and Cambridge to calculate the critical 
size of the bomb, they examined the mechanics of 
the reaction, and calculated the amount of energy 
likely to be released in an atomic explosion, studying 
the conditions for increasing the amount. 

This was clearly only one side of the proldein for 
it would not have been of immediate practical use 
to show’ that an atomic bomb was feasible i)rovided 
that a certain (piantity of were available un- 

less it could also be shown that there was a reason- 
able possibility of separating such a (luantity of 
U.235 ordinary uranium and in a reasonable 

time. This aspect of the problem w’as also consi- 
dered by the Committee. In the early stages of the 
work not much actual ex])eriment could be 4 lone 
owing to the scarcity of men and of facilities, but 
one method of separation w’as examined at Liverpool 
and shown to be unpromising. There are of course 
several methods available for .separating isotopes on 
a laboratory scale. These were examined very care- 
fully by the Committee, having in mind that it was 
essential to select and concentrate on what was likely 
to be the most economical method, ow'ing to the fact 
that the Jiianpower and industrial resources of Britain 
were already wholly engaged on production for ini- 
' mediate war needs. The Committee came to the 
conclusion that the gaseous diffusion method was by 
far the most promising for large scale i)rod notion. 
It is based on physical i)riTiciples which have long 
been fully understood and which arc easily amenable 
to calculation, and it vSeemed likely to make fewer 
demands for highly-skilled precision work. 

Research on this method of separation was taken 
up by a team of workers under the direction of Dr 
F. PJ. vSinioii in the Clarendon laboratory, Oxford. 
They were aided on Ihe theoretical aspects by Pro- 
fessor Peierls and his group, and on tin* chemical 
side by Professor \V. N. Haworth and a group of 
men under his direction in the Chemistry Depart- 
ment, Birmingham University. The Metropolitaiij- 
Vickers Electrical Company and Imperial Chemical 
Industries Ltd. were consulted on the many techni- 
cal questions which were involved. Some experi- 
mental work on the diffusion method was also started 
at Imperial College, London University. 

By the early summer of 1941, the Coininittec 
decided that the feasibility of a military weapon 
based on atomic energy was definitely established 


and . that this weapon had unprecedented powers of 
destruction, that a method of producing the amounts 
of material required was in view, and that a fair 
estimate of the industrial effort needed to accomplish 
the project could be given. Accordingly, the Com- 
mittee drew up a report dated July 15, 1041, which 
summarized its findings and which made recommen- 
dations for the prosecution of the project on a large- 
scale. By agreement between the Mini.ster of Air- 
craft Production and the Lord Pre.sidcnt of the 
Council, this report was referred to the Scientific 
Advisory Committee of the War Cabinet of which 
Ivord Ilankey was the Chairman. 

It is proper at this poi;it I0 consider in general 
terms what had been done and whal remained to be 
done. The expcrimenls on the nuclear ]>roperties of 
uranium had confirmed that ordinary uranium itself 
would be useless for the i)uri)ose of an atomic bonil) 
and that it would be necessary to use the isotope 
U.235 which is pre.sent in ordinary iiraniitiii only to 
the extent of 0 7 per cent, 'riiey had further shown 
that if pure or nearly i)ure U.235 were available in 
sufficient bulk a chain reaelion could <leveh>p which 
would result in an explosion of extreme violence. 
The data which had been o))taine(] were suflieieiil 
to give an estimate of the amount of U.235 recinired, 
bill this estimate was very rough and the critical 
size was known only to a factor of three. The theo- 
retical work had confirmed the early result that the 
amount of energy released in an atomic explosion 
would be very large conijiarcd with the effect of 
ordinary bombs. Calculations had been made on the 
effect of “tamptn-s** and on the best size of bomb. 
The method of assembly c;f tlie material fm* use as 
a wea])on and the method of fuzing had been con- 
sidered, but no experiments had been made, (hi 
the problem of jiroduction of this material, U.23.S, 
it had been decided to concentrate on tlie g'l.seons 
diffusion method, and research and developmeiil on 
some asiiccts had sliown considerable promise. A 
scheme had been put forward by Dr v^iinon and Jho- 
fc.ssor Peierls which had jiroceeded to the first stage 
of design. Leading experts of industrial firms liad 
been consulted who had agreed ^hat it should lie 
possible to build a satisfactory plant, although difii- 
''ulties were to be anticipated. Estimates were given 
for the cost of a plant to provide adequate (piantities 
of 11.235 and for the time required to build it. 

In .short, the Committee was completely con- 
vinced that an atomic bomb dei)cnding on the fission 
of If-235 was feasible and that its effect would be 
comparable with that of some thousands of toni' oi 
T. N. T. and that a method of separation of U.2 ^5 
from ordinary uranium could be realized on a large 
scale, so that sufficient quantities of the material 
could be obtained. Admittedly, a great deal ot 
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work remained to be done on all aspects of the 
project. More precise nuclear data were required 
so that, for example, the critical size could be esti- 
mated with better precision ; some points needed 
confirmation ; methods of assembly and of fuzing of 
the material had to be thoroughly examined. The 
main problem, however, was the design and con- 
struction of a plant for the production of the material, 
and this most essential part of the project was only 
in its early stages. 

A different but important aspect of the applica- 
tion of the fission of uranium was also reviewed by 
the Committee. This was the possibility, mentioned 
in a previous section of this statement, of finding 
conditions under which a mixture of uranium and 
some suitable “slowing-down** medium might give 
a neutron chain reaction in which the release of 
energy was obtained in a controlled way. This 
work was being carried out at Cambridge by Drs 
Halbaii and Kowarski. 

These two French physicists had been sent by 
Professor Joliot to this country at the time of the 
fall of France in June, 1940. They brought with 
them the 165 litres of ‘Mieavy- water** — practically 
the whole w’orld stock of this material — which the 
French Ooveniment had bought from the Nor.sk 
Hydro Company just before the invasion of Norway. 
Drs Halbaii and Kowarski w’cre instructed by Pro- 
fessor Joliot to make every ellort to get in England 
the necessary facilities to enable them to carry out, 
with the co-operation of the British Government, and 
in the joint interest of the Allic*s, a ciucial experi- 
ment which had been j)lanned in Paris and for which 
the “heavy- water** had been acquired. Facilities 
were provided at the Cavendish Laboratory, Cam- 
bridge, and, by December, 1040, they iiroduced 
strong evidence that, in a sy.stem composed of 
nraninm oxide (as actually used) or uianinm metal 
with “heavy-w’aler** as the slowiiig-down medium, a 
divergent slow neutron fission chain reaction would 
l)e realised if the .system were of sufficient size. It 
seemed likely that, if uranium metal were used, this 
critical size would involve not more than a few’ tons 
of “heavy- water**. 

The Coinmitlec concluded that this work had 
great potential interest for power production but 
that this particular application was not likely to be 
developed in time for use in the war. It w-as, how^- 
cver, recognisal that the slow neutron work had a 
hearing on the military prv)jcct, for the plutonium 
which w'ould be produced in such a system could be 
extracted chemically and might be capable of use ii-i 
an atomic bomb instead of U.235- difficulties 

in the way of building a slow neutron system seemed 
be prohibitive at that time. In order to produce 
'he quantities of plutonium which it was guessed, 


from analogy with U.235, might be required for a 
bomb, many tons of uranium and many tons of 
heavy water would have been necessary. The latter 
l)ractically would have demanded a major industrial 
effort. 

During this period, April, 1940 — July, iQdG 
similar problems were occupying the minds of 
American scientists. Contact was maintained partly 
by the transmission of reports tliroiigh the norma' 
scientific liaison machine and partly by visits in boll; 
directions by scientists on general scientific missions. 
Professor Bainbridge, of the National Defence Re- 
search Committee of America (N. I). R. C.), was in 
luiglaiid in April, 1041, anil Pnffessor Laiiritseii 
(N. D. k. C.), was in hhigland in July of the same 
year on general scientific matters. Both were invited 
to attend meetings of Sir George ThomsoiFs 
Committee. * 

(b) Dirccioraic of the Tube Alloys, /). S. I. R. 

The Scientific Advisory Committee of the War 
Cabinet, of which Lord Hankey was the Chairman, 
endorsed the view of Sir George Thomson's Com- 
mittee on the importance of the atomic bomb, with 
the result that Mr Churchill, who had been kept 
informed on the developments by Lord Cherwcll, 
a.sked Sir John Anderson, in September, 1941, to 
undertake personal responsibility for the siii)ervision 
of this project as one of great urgency and secrecy. 
To advise him he set iq), under his chairmanship, a 
Consultative Council of which the members were the 
Chairnjaii of the Scientific Advisory Committee of 
the War Cabinet (Lord Hankey and later Mr R. A. 
Butler), the President of the Royal Society (Sir 
Henry Dale), the Secretary of the Department of 
Scientific and Industrial Research (Sir Edward 
Api)letoii) and Loril Chcrwell. To ensure continuity 
the Minister of Aircraft Production, Lord Brabazon 
of Tara, served on this Council at the beginning. 

The direction of the work was entrusted to a new 
Division of the Department of Scientific and Indus- 
trial Research and thus fell under the general adminis- 
trative charge of Sir Edward Appleton as Secretary 
of the Department. It was known, for reasons of 
security, as the Directorate of Tube Alloys. Mr W. 
A. Akers was, at Sir John AndensoiFs request, 
released by the Board of Imperial Chemical Indus- 
tries, Ltd., to act as Director, with direct access to 
the Minister on all quc.stions of policy. Mr Akers 
had, as his deputy and principal assistant, Mr M. 
W. Perrin, who was also lent by I. C. I. Mr Akers 
was advised by a Technical Committee, under his 
chairmanship, composed of the scientists who were 
directing the different sections of the w-ork and some 
others. The original members w’ere Professor Sir 
James Chadwick, Professor Peierls and Drs Halban, 
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Sinum ami Slade, with .Mr Perrin as secretary. Later 
it was joined by Sir Charles Darwin and Professors 
Cockcroft, Olipliant and Feather. 

(c) Kkv// of U. S. Mission to Britain, November, 

lO/lT. 

In November, iq 4T, at the time when the new 

T. A. (Tube Alloys) organisation was set up, an 
American mission, c()nii>t)sed of Professors Pegrani 
and Urey, of Columbia University, came to this 
country to study the experimental and theoretical 
work wJiich had been done on the T. A. i)rojecl, 
to learn our ideas for future work and to agree on 
arrangements for complete and rapid interchange of 
information. They visited all the establishments 
where T. A. work was in progress and took part in 
a meeting of the new T. A. Technical Committee 
at which progress was reviewed and new iirogrammes 
discussed. 

(d) of British T. /L Mission to IJ. S. A., 
February- April, 1942. 

Under the new organisation a great extension 
of the scale of work, both in university and indus- 
trial laboratories, was started. In the U. S. A. also 
a greatly intensified T. A. effort had followed the 
return of Professors Pegrani and Urey from England. 
A mission composed of Mr Akers, Dr Halban, Pro- 
fessor Peierls and Dr vSinion visited America at the 
beginning of 1942 to ensure that the programmes 
planned for the U. K. were co-ordinated as cHlciently 
as possible with the American work. 

Every section of the American programme was 
examined in detail and it was already clear that the 
new American T. A. organisation intended to make 
the fullest use (jf the enormous resources available in 
the universities and in industry. 

(e) British T. A. Programme. 

It was clear in 1942 that, even though granted 
very high priority, the scale upon which T. A. re- 
search and development could be undertaken in the 

U. K. must be far smaller than in America. A large 
proportion of the qualified physicists was occupied 
in other urgent war work and the industrial resources 
of Britain were engaged, at that time, in war pro- 
duction to a much greater extent than was the case 
in the U. vS. A. 

CoiivSequently it was necessary to limit the field 
of T. A. investigation. Broadly the programnies 
chosen were : 

Determination of essential nuclear idiysical data. 

Theoretical investigations into the chain reaction 
in an atomic bomb, the dimensions and design of a 
bomb and its blast effect. 


The gaseous diffusion U.235 separation process. 
This included theoretical and experimental research 
on the process, the design and construction of pro- 
totype machines, the manufacture of materials 
needed, studies on materials of construction, etc. 

Investigation of slow neutron divergent systems, 
especially with “heavy- water” as the slo wing-down 
iiiediuiii. 

The manufacture of uranium metal for the slow 
neutron .systems or “piles**. 

The manufacture of “heavy- water**. 

I 

(i) f.ocation of Work — Experimental determination 
of nuclear physical data. 

The research teams at Idverpool and Cambridge 
Universities were considerably strengthened and small 
programmes were started at Bristol and Manchester 
llniversities. 

Professor vSir James Chadwick exercised general 
supervision over all this work. 

Slow Neutron systems 

This work continued at Catnbridge under Drs 
Halban and Kowarski with the collaboration of Dr 
Bretscher. 

Theoretical investigations into chain reaction, etc. 

Professor Peierls and his team continued their 
studies at Birmingham, with collaboration, on si)e- 
cial problems, with Profes.sor Dirac of Cambridge. 

Later, when Professor Peierls moved to U. vS. A., 
Dr A. H. Wilson led this group. 

The (iaseous Dijfusion Process''' — University Research 

The experimental work was under the general 
direction of Dr vSinion. His extended team at the 
Clarendon Laboratory had, as leaders, Mr Arms and 
Drs Kurti and Kuhn. The theoretical study of the 
process remained in the hands of Professor Peierls 
and his group at Birmingham. Also at Birmiughain 
University Professor Pla worth, who had been active 
in T. A. from the days of the Thomson Committee, 
had a group working on a number of chemical ])n)h- 
lems connected with the diffusion project. 

The Gaseous Diffusion Process ; —This process, which 
is based on a phenomena called Thermal Diffusion, is ih** 
most powerful method for separation of isotopes. H 
invented by a German physicist, K. Clusius in 1939, ami ii^ 
study was immediately taken up in the P.S..\., Rnglimd :m‘l 
France. By this method. Chlorine 35 can be separaleil Ironi 
Chlorine 37 completely in course of a few hours, a h-’i 
which defied the skill of experimenters for over 40 ycy;'’- 
The process requires high columns and eiionnous quaniiu*"^ 
of ref riegera ting material. 
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Research and Development in Industrial Establish- 
ments. 

The Metropolitan-Vickers lilcclrical Co. Ltd. 
accepted a contract for the dcsif*ii and constnictiou 
of certain prototype machines embodying the prin- 
ciples worked out by Dr Simon and Professor Peierls. 
The sucessfiil construction of these macliincs was a 
considerable technical achievement in view of the 
novel features contained in them. They were later 
abandoned in favour of a simpler design which 
offered certain advantages in operation. 

Imperial Chemical Industries Ltd. (I. C. I.) were 
entrusted with the contract for the development of 
the diffusion plant as a whole, and the work was 
carried out by the Billingham Division of that 
company. This programme was a very extensive 
one as it covered everything involved in the design 
of a complete plant, including the working out of 
flow-sheets, research on materials of construction and 
the development of new types of valves, instruments, 
etc., to meet novel conditions. 

In this work they were as.sisted by the Metals 
Divi.sion of I. C. 1 ., which .studied various manufac- 
turing processes. I. C. I. Metals Ltd. had, as sub- 
contractors, Percy Ltmd Humphries and Co. Ltd. 
and the Sun Engraving Co. Ltd., co-ordinated by 
Dr Banks whose services were made available by 
the Printing and Allied Trades Research Association. 
Metallisation Ltd. also made a valuable contribution 
to this section of the wt)rk. Processes for the manu- 
facture of the many .special chemicals re(|uired were 
worked out by the f^'iieral Chemicals Division of 
I. C. 1 . as.sisted by the Dyestuffs Division, The 
Mond Nickel Co. Ltd., under a separate contract, 
made a very succe.ssful investigation of certain metal- 
lurgical problems. 

Although some of these research programmes 
will be carried on a little longer, largely in order to 
e.stablish optimum conditions, I. C. I. Billingham 
Division has been able to close down the main pro- 
gramme after i)roduciug flow-sheets and designs for 
diffusion plants operating over a fairly wide range 
of conditions. In broad outline the plant is, of 
cour.se, .similar to the American diffusion plant now 
in operation, but it embodies certain novel features. 

The manufacture of Uranium Metal 

I. C. I. (General Chemicals) Ltd. undertook the 
manufacture of uranium metal and succeeded in 
developing a satisfactory method. The conversion 
of the metal into rods, as required for a “pil^'**> 
tackled by 1 . C. T. Metals Division. It soon became 
apparent that many problems retjuired study in con- 
nection with the physical, metallurgical and chemical 
l)roperties of the metal. Research on these points 


was undertaken by the Natiomd Phy^iical Laboratory, 
Dr Simon at Oxford with a sub-group at Birming- 
ham, the British Non-Perrons Mcials Research Asso- 
ciation, Dr Orowan at Cambridge and the Alkali 
Division of I. C. I. 

Heavy ird/c; 

I. C. I. Billingham Division, which had some 
experience in the separation of “heavy water** on a 
laboratory scale, was asked to i)repare a scheme for 
the production of this material on a large scale. After 
examining various methods they reported that the 
most suitable ])rocess to adoi)t in this country, if 
speed of construction and certainty of operation were 
paramount, was the electrolytic i»rocess incorporating 
the vapour phase catalytic exchange principle intro- 
duced by Professor Taylor of Princeton University, 
U. S. A. Plow-sheets and de.signs were prepared for 
a plant in which the exchange sy.stem was of a novel 
design believed to be simpler and more efficient than 
any of those hitherto used or suggested. 

Elect ro-Magn et ic M ethod 

Through the interchange of information we were 
aware of the remarkable development work which 
was being carried on at the University of California 
under Professor E. O. Lawrence, with the object 
of converting the ma.ss spectrogra])h, used for the 
separation of isotopes in minute (luantities, into a 
large-scale production apparatus. But it was decided 
not to start any correspomling research in this 
country as the physicist most suitable for this work, 
Professor Oliphant of Birmingham, was engaged in 
other urgent war work. 

In July, 104.5 i)ossible to release him from 

that work so that it was decided to start a research 
programme at Birmingham on this method. Before 
work had really started i^rofessor Oliphant visited 
America in connection with di.scussion on a closer 
integration of British and American T. A. efforts, 
in which it was agreed, as described below, that the 
most efficient course to follow, in the joint interest, 
was for Profes.sor Oliphant and most of his team to 
move to U. S. A. The British electro-magnetic 
programme was therefore abandoned. 

After Professor Oliphant’s return to this country 
in March, 1945 it was decided to arrange for research 
to be started on .some of the electrical engineering 
problems involved in this type of i)lant. With 
this object research contracts have been placed 
with the British 'rhomson-Houstoii Company, the 
General lilectric Comi)aiiy and Metropolitan-Vickers 
Electrical Company. In addition the first and last 
of these companies had already given considerable 
assistance by lending to the British T. A. organisa- 
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tioii the services of Dr K. J. R. Wilkinson, Dr T. 
K. Allihonc and other physicists and cn«:ineers. 

(ii) Co-ordination of Programmes. 

It will be seen, from the account of the diffu^ 
sioii plant research i.)roject, that many university and 
industrial teams were concerned, so that proi>er co- 
ordination of the work became an important matter. 
The same applied to the work on the production of 
uranium metal and its metallurgy. It was also evi- 
dent that some of the chemical research carried out 
for one project would be of interest in connection 
with another. To ensure satisfactory co-ordination of 
the work certain committees and panels were set up. 

The diffusion work was dL-alt with by the 
Diffusion Project Committee reportiiiK to the T. A. 
'rechnical Committee. 

The members of this Diffusion Committee were : 

Mr W. A. Akers, Director T.A. (D.vS.T.R.) 
Chairman. 

Major K. Gordon (later Dr G. I. Hibson), 
I.C.l. Ihlliuftham Division — Hy. Chairman. 
Dr F. K. Simon, Oxford University. 

Mr II. S. Anns, Oxford University. 

Professor R. Peierls (later Dr A. H. Wilson), 
Birmingham University. 

Mr J. I). Brown, I.C.l. Billingham Division. 
Dr J. B. Harding, I.C.l. Billingham Division. 
Mr C. P\ Kearton, l.C.T. Billingham Division. 
Mr S. Labrow, I.C.l. Billingham Division. 

Mr J, R. Park, I.C.l. Billingham Division. 

Mr N. Klee, Metropolitan-Vikers Electrical Co. 
.Mr II. Smethurst, Metropolitan-Vickers Elec- 
trical Co. 

Mr M. J. S. Claphani, I.C.l. Metals Division. 
Mr S. S. Smith, I.C.l. Metals Division. 

Mr M. W. Perrin,^T.A. Directorate (D.S.l.R.I 
— Secretary. 

The chemical research was co-ordinated by a 
panel reporting to the T. A. Technical Committee. 
The con.stiliition of this Panel was : 

Professor W. N. Haworth, Birmingham Uni- 
versity- • C h air m an . 

Dr R. E. vSlade, LC.L— Vice-Chairman. 

Dr F. E. Simon, Oxford University. 

Dr J. P. Baxter, I.C.l. General Chemical 
Division. 

Dr J. Ferguson, I.C.l. Alkali Division. 

Mr J. R. Park, I.C.l. Billingham Divi.sion. 

Mr M. W. Perrin, T.A. Directorate (D.vS.l.R.) 
^Secretary. 

Uranium metal production and metallurgical 
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matters were handled by a Metal Panel, whose 
members were : — 

Mr E. Colbeck, I.C.l. Alkali Division— 

Chairman. 

Dr W. O. Alexander, I.C.l. Metals Division. 

Dr N. P. Allen, National PhyvSical Laboratory. 

Mr G. L. Bailey, British Non-Ferrous Metals 
Research A.ssociation. 

Dr A. M. Roberts, I.C.l. General Chemicals 
Division. 

Dr F. K. Simon, Oxford University. 

Mr I). C. G. Gattiker, T.A. Directorate 
(D.S.I.R.) — Secretary. 

(iii) Research Contracts. Patents^ 

The contracts under which research is carried 
on ill university laboratories contain clauses reserv- 
ing exclusively to the Government all discoveries, 
inventions and other results arising from the work. 
In the ca.se of rc‘searches carried on by industrial 
iirms all re.sults, inventions and develoimients in 
detail applicable within the T. A. field become ex- 
clu.sively the j)roperty of the Government. Where 
an invention is also usal)le outside the T. A. field 
provision has been made whereby its use outside tlie 
field can be made available to industry. It is with- 
in the discretion of the (jovermnent to decide 
whether or not a particular use is within or without 
the field. Questions relating to inventions and 
])atents are dealt with by a small Patents Commitlcv 
com]K)se(l of : — 

Mr A. Blok, D.S.I.R. — Chairman. 

Mr W. A. Akers, Director T.A. (D.S.I.R.). 

Mr M. W. Perrin, T.A. Directorate (D.vS.l.R.) 

(f) Joint British-Canadian-American StaiO-Neutron 

Project in, Canada. 

Towards the end of 1942 it was decided that 
the slow-iieiitroii rCvScarch in jn’ogre.ss at Cambridge 
would proceed more ciuickly and efficiently if it were 
transferred io a place geographically nearer to 
Chicago where the corre.sponding American work 
was being carried out. 

A proposal was made to the Canadian Govern- 
ment that a joint British-Canadian research estaldish- 
lishment should be set up in Canada, to work in 
close touch with the American group. The Caini' 
diaii Government welcomed the suggestion, with the 
result that, at the beginning of IQ43, a large research 
establi.shnient was set up in Montreal under tlie 
general direction of the National Research Council 
of Canada. 

Practically the whole of the Cambridge group, 
under Dr Halban, was moved to Montreal, where 
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the research staff was rapidly augmented by many 
Canadian scientists, several new recruits from the 
United Kingdom and a certain number from the 
United States. The laboratory was at first directed 
by Dr Halban. He resigned this i)osition early in 
1944 and professor J. D. Cockcroft was apiioiiitcd to 
succeed him. 

' During the Sirring of 1944 the Americans joined 
actively in that project which now be(\'inie a joint 
British-Canadian- American enterprise. Its scope was 
enlarged and in 1944 'ras selected on the 

Ottawa river, near Petawawa, Ontario, for the con- 
struction of a pilot scale “pile*^ using “heavy water**, 
supplied by the U. S. Covernment, as the slowiiig- 
down medium. 

This joint enterprise in Canada has been 
described more fully in statements issued by the 
Canadian Government. It represents a great con- 
tribution, both in men and money, by tliat Govern- 
ment to the development of this new branch of 

science and its applicatoin. 

(g) I'lausfcr oi British 7 '. . 1 . Rcscnrrlt (iiouhs to 
U. S, A, 

111 August, 1943, Sir John Anderson visited 
America and discussed with the U. S. authorities 
the nictins by which the co-o|>eration between the 
tu'o countries might best be placed upon a more 

formal basis. Further discussions took place subse- 
(luently between President RtMjsevelt and !Mr 

Churchill which led to the setting ui> of a Combined 
policy Committee in Washington. 

Professor vSir James Chadwick who was appointed 
vScientific Adviser to the Briti.sh members of this 
committee examined, with tliosc resiionsible for the 
scientific and technical direction of the American 
liroject, the question whether there were any further 
Steps which could be taken, in the pooling of scien- 
tific and technical effort, which would accelerate the 
l)roduotion of atomic bombs in the U. vS. A, 


As a result of these discussions it was <lecided 
to move to America a large number of the scientists 
working in JCngland on T. A. in order that they 
might work in the ai)pro])riate American groups. 

At this time Professor Bohr escaped from 
Denmark and the British Government appointed him 
as an adviser on scieiilific matters. His scientific 
advice on the T. A. jiroject has been available both 
in this C()untry and in tlie United Slates to the two 
Governments. 

Profcs.sor Oliphanl and his team from Birming- 
ham University were moved to Berkeley to work 
with Professor Lawrence’s groiij) engaged in research 
on the electro-magnetic isotope .separation ])roject. 
They were joined ]\v otlier ]>hysicists from Britain 
including Profcs.sor Massey of Universitv Cf)llege, 
I/mdon, Dr T. F. Allibone and Dr K. J. k. Wilkin- 
.son who worked partly at Berkeley and partly at the 
electro-magnetic sei)aration ]dant itself. Dr luneleus 
of Imperial College, London, Dr J. P. Baxter and 
others were transferred to the elcctrf)-magnetic plant. 
Dr Frisch from the Liverpool nuclear i)hysics group 
and Dr Bret.schcr from the corresponding Cambridge 
section, together with some members of their teams, 
were moved into the great American T. A. research 
establishment at I^os Alamos, which is described in 
American statements on the project. They were 
joined, at that time or later, by a number of other 
British .scientists including Profc.ssor Pcierls and Dr 
Penney, of Imperial College, T.ondon University. 
Profc.ssor Sir Geoffrey Taylor also paid several visits 
to this establishment. 

The effect of these transfers, and others which 
were made to the Montreal i)roject, was to close 
down entirely all work in the U. K. on the electro- 
magnetic process and to reduce almo.st to nothing 
tile nuclear jihysical research. Nevertheless there is 
no doubt that this was the proper course to follow 
in the light of the decision which had been taken 
to give the highest priority to the production, in the 
shortest possible time, of an atomic bomb for use 
in this v^'ar. 


'I'RIAL KXPLOSION OF THE ATOMIC BOMB 

The first trial atomic bomb was touched off on July ibth, 1945. '^ii* Geoffrey Taylor, one of the grou]) 
of British scientists who worked at the New Mexico atomic bomb laboratriry, was twenty miles away frotii 
the Too-foot tower on which the bomb was mounted and described the explosion in these words, “We 
were provided with a strip of very dark glass to protect our eyes. This glass is so dark that at midday it 
makes the sun look like a little undeveloped dull green potato. At exactly the exjiected moment, I saw, 
through the dark glass, a brilliant ball of lire wbicb was far brighter than the sun. In a second or two it 
died down to a brightness which .seemed to be about that of the sun, so realizing that it must be lighting 
up the countryside I looked behind me and sa\. the scrub-covereil hills 22 miles away from the bomb 
lighted up as though by a midday sun. Then I turned round and looked directly at the ball of fire. 
I saw it expand slowly, and begin to rise, growing fainter as it rose. Later it developed into a huge 
mushroomshaped cloud and soon reached a height of 40,000 feet.*’ 


■Discovery, September, 1945. 
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THE SCIENTISTS UTOPIA"^ 


Onk-world: Ttih vScikntist\s Utopia 

^PHAT a scientist is even asked to speak on 
Utopia, an imaginary island depicted by Sir 
Thomas More as enjoying a perfect social, legal and 
political system, speaks volumes for science, against 
the background of the present distracted world. The 
coTilribiitioii which science has made — and should 
continue to make — towards the abolition of i>overty 
and disease and to ensure a fuller and richer life has 
been the most potent reason for its growing recogni- 
tion. The appreciation of these advantages as pre- 
eminently the gifts of science against the mess which 
is created in the world by diplomats and fanatical 
religious leaders is indeed helping to establish science 
ill its exalted position. Even the havocs caused by 
the applications of science during this war will not 
be able to shake science from this position. The 
thinking world fully realizes that the message of 
.science is not contained in the consternation caused 
by earthshaking effects of the atomic bomb or the 
devastation inflicted by its application as a political 
weapon. The real message is concealed in the 
silent desire of the scientist to see that even atomic 
energy, in fact ans' energy, should be harnessed to 
the good of mankind, lly annihilating space and 
time and by overcoming other natural obstacles that 
divide peoples and countries and by steadfast devo- 
tion to truth, science has dune more than anything 
else to bring the idea of ‘‘One-World” into iiromi- 
ncncc. It is for science now to shake off its ])hilo- 
sophical detachment and assume its rightful position 
in shaping the destiny of man and translating this 
idea into action. Ideas such as Eatherhood of (lod 
and Brotherhood of ^lan constitute a metaphysical 
approach to the realization of this very ideal, but 
science has increased the possibilities of this ideal 
materializing in our actual life. An ideally perfect 
island, isolated from the rest of the wicked world is 
an impossibility. Perfection only in a part of the 
world, smacks in itself of an imperfect world. The 
concept of “One-World” is the scientist’s Utopia 
and he should work with his usual steadfastness to 
translate this dream into a reality. Let it be clearly 
understood and there is no room for scepticism in 
this, that all Utopias of the scientist ultimately do 
materialize in time. 

Narrow Patriotism and thk Atomic Bomh 

There is, however, one thing against which the 
scientist will have to guard himself and that is nar- 

• AdapU'd from a Radio talk by Sir S. S. Bhatiiagar, 
D.Sc., F.R.S., Director of Scientific and Indu.'itrial Research, 
C.S.I.R., Government of India. 


row patriotism. The atomic bomb and its great 
possibilities have already .started controversies which 
if pursued uiivScientifically will sow the seed of another 
war that may very well means the end of civi- 
lization. Already some toj) rank scientists have pro- 
claimed to the world that the atomic bomb cannot 
remain a secret for a long time. Most scientists who 
have specialized in nuclear physics and chemistry 
understand the mechanism underlying the produc- 
tion of atomic power. There may be gaps here and 
there hilt these can he filled ea.sily by rc.search by 
any intelligent worker in any iiart of the world. 
Unfathoming of such mysteries is indeed the privi- 
lege of science hut the task must not be vitiated 
by a militant spirit. Science may dominate Nature, 
but it must not overawe ^lan, for that would mean 
its own undoing. The aim of science is definitely 
to harness the atomic energy to useful ends. If this 
is to remain a closed secret of Britain and the 
U. S. A., it is obvious that its ai)plications for useful 
puriioscs will cither he tabooed by lAw or remain 
very restricted in scojic. A recent statement that 
the U. vS. A., Canada and England will have the 
monopoly of atomic power and that the U. S. A. is 
not prepared to share the scientific knowledge regard- 
ing the atomic bomb with the rest of the world is 
indicative of how statesmen and politicians even in 
advanced countries can stop science from solving 
international problems of want and poverty. It is 
obvious that this sccrctiveness will have two definite 
effects. Firstly in the present setting of power 
politics it will lead Russia and other groups within 
its orbit to concentrate on research on this subject. 
And very soon the vSoviets will be able to disco\er 
the secrets now being concealed from them witli 
perhaps a fe\v more things not known at iireseiU even 
to the Americans and the British. Secondly, it will 
lead the U. S. A. and Britain to make frantic effcals 
to improve upon their ])resent techni(|ue ; and Iniiig 
viel’m.s of a common fear lest one should be outpaced 
by the other, both the groups of nations will con- 
centrate upon discovering and utilizing this energy 
for destructive ends. The American and the Briti.sli 
.scientists have a clear duty before them of lodging 
an emphatic protest against this unscientific attitude 
of their ('overnmcnls ; otherwise science will de.stro>' 
all that it has created for the good of mankind, (^n 
no account should decent scientific men agree to 
procedure of abject secrecy in a matter which has 
such enormous potentialities as the atomic energy. 

Atomic Energy & Need for International Controi 

The courage of scientists, their honesty of pui- 
pose and the destiny of science cannot be held in 
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doubt. If the scientists were forced to submit to 
secrecy in such a vital research, a Galileo will soon 
arise among them in order to smash political inter- 
ference in matters of intellectual freedom. There is 
no reason to be surprised if it should evoke an up- 
heaval of an unprecedented character in the usually 
peaceful portals of learned societies and universities. 
The knowledge that among the pcojilc of Ihe earth 
only a chosen few will be allowed U) kiunv the secrets 
of atomic energy will make not only those who are 
in possession of the secret but also others who arc 
in the know, live in a state of continual alarm. It 
will lead to endless wars and a race fcjr arnianent of 
a magnitude unknown in human history. Indeed, 
one cannot think of a more effective method of 
destroying the high hopes raised by the Frisco Con- 
ference of winning a lasting peace. Neither art nor 
real science nor any other thing loved or valued by 
man could ever flouri.sh in .such conditions of life 
dominated by the primitive instinct of self-preserva- 
tion. On the- other hand, if the intelligent i>eople of 
the world are consulted in the future control of atomic 
energy, they will undoubtedly vote against the 
exclusive control of this power by any otic nation. 
They will all prefer an international control by peoiilc 
who have distinguished themselves by their stand in 
favour of peace and justice in the world. There is 
no doubt that this control will taboo tlie misuse of 
atomic ytower and enconrage scientific research of a 
type which may lead to the banishment of ])ovcrty 
and want and help to establish on earth conditions 
of perfect peace and justice. 


Political versus Hconot^iic 1ntkrn\tu).\\lism 

Failure does not baffle a scientist, it only creates 
in him the urge for a better planned and more co- 
ordinated attack on the problem. The League of 
Nations which Avas created after the last war with a 
view to banishing war and to establishing the poli- 
tician’s Utopia on earth failed because it was essen- 
tially an Anglo-French- American solution which 
allowed the cancer of colonial imperialism to remain 
intact. The League failed because it did not con- 
ceive fully the ideas of oneness of the u’orld and 
because it attempted to solve tlic world’s problems 
primarily from the political standpoint. The scien- 
tists of the world have not given up the ho])c and 
they fervently expect another lead from responsible 
nien of the world in which this approach will be not. 
the angle of political internationalism but from 
point of view of economic internationalism in 
which not only the material resources of nations but 
their intellectual resources as well will form a part 
of wealth capable of international utilization on a 


planned basis. Economic internationalism cannot be 
conceived by any one nation alone or by a group of 
nations in isolation from the rest of the world. In 
fact, the fundamental princijde which science and 
economics have arrived at is that no nation can reach 
its fullest development or even maintain its pros- 
perity alone by itself. This emphasizes interdepen- 
dence rather than independence as the aim of human 
endeavours. To a philosoplier and scientist the 
fullest development of any nation means nothing else 
bill a proce.ss of as.similation by that nation of all 
that is created by art, science and teclinology and 
which is capable of aiding human progress in all its 
phases. 


SC'IRNCK AND POLITICS 

In tliis Utopia of *‘One-World” which the 
scientist envisages, i)olitical controversic.s will be 
examined not from a racial or i)arochial standpoint, 
nor even on tlie nobler basis of a mere emotional 
urge, but from, the broader point of view of sound 
sense. They will be examined from the i)oint of 
view of how they affect the world as an organic whole 
in which individual countries will con.stitnte so many 
integrated parts. Culture instead of being Greek, 
Homan, Indian, Egyptian or British will rather 
ac(|uirc prominence as human culture. It may be a 
hotch-potch of a great many diverse achievements, 
Imt like the American race which has shown a unique 
genius for a racial and cultural synthesis in the 
modern-world it will be a distinct entity worth 
acipiiring and developing. 

Perhaps the most outstanding difference between 
tin. governments of the yiresent world and that of this 
Utopia will be that the sni)rcnie government will not 
consist of, as at present in all the existing govern- 
ments, aggrerssive nationalists or ai)athctic isola- 
tionists, but of pcoi)le of much wider cnltnre and 
outlook whose perspective will embrace the whole 
world as a family. Their intellectual and moral 
make-up will be reared on the necessary training in 
basic sciences and humanities so that they may be 
able to examine important i.ssiics correctly and dis- 
passionately. Pcrhai)S the method of election will be 
retained for rcturniiig petjple to positions of trust 
and responsibility, but witli tlie changed outlook the 
test of the elections will not be dominated by local 
or national issues vis-a-vis world considerations. In 
this new civilization which may well be called the 
child of Applied Science, the scientist will have to 
shoulder responsibility fin* its stability and develop- 
ment. Those who control affairs of the world today 
have a training which fits them to be diplomats and 
executives. The scientists and philosophers are con- 
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sidcred lesser men if they take interest in statecraft 
or development of the country. It is obvious that 
if we have to i)ursuc philosoi)hy, poetry and science 
in this eivili/ation, not as mere pastimes but as 
nursin<» factors of human mind and character, then 
this government of the new world must have a fair 
representation of these comparatively absent factors 
in the various j^overiiments of the present world. 

Under the influence of science, the world will 
mobilize all its revsoitrccs as one unit and with the 
set purpose of li(juidatinK poverty and raising* the 
standard of living of the human race. When the 
object of the whole human race will be the advance- 
ment of humanity, national or party interests and 
clashes which breed hatred and war will become less 
and less and the desire for advancement of common 
welfare based on an ai)preciation of mutuality of 
interest will grow from more to more. 


SCIRNCK AND RRIJGION 

In this “One-World** of the future, the conflict 
between religion and science, w^hich waged so 
vigorously in the last cetury and which seems to 
have subsided in the present age on terms of mutual 
toleration, will acquire a new significance. At 
present the scientific man goes on with his job on 
the understanding that God never interferes. It mav 
be that God must not interfere in scientific domain 
or that God cannot be a cyi)her in human affairs. 
Tile trend of physics shows that these two divergent 
ideas are perhaps capable of being .synthesized and 
it looks certain that in the Utopia of the scientist, 
God and Science will be brought into a fertile union 
in which the idea of God instead of being diluted 
will be enriched. Idealism and Achicveiiieiit- 
although two different words -wdll then acipiirc one 
meaning. 


FAMINE AND DESTITUTION IN RURAL BENGAL 

K. I>. CHATTOPAOHYAV 

PROF. OK ANTHHOl’OUWY, CAI.CI.'TTA ITNlVIiKSITV 


^HK sample survey of 400 villages in 40 sub- 
divisions of Hengal carried out during the second 
half of i()T1 and in January, 1945 lias yielded impor- 
tant data regarding the economic condition of the 
people of the province. The Revetiue Deimrtment 
of the Chn'ernment of Hengal had grouped the sub- 
divisions of the f)rovincc into different classes accord- 
ing to their ideas of the degree of intensity of the 
famine. 'I'he survey carried out under my direction 
in the field in accordance with the design (based 011 
the principle of random samples) prepared in the 
Indian Statistical rn.stitute under the general techiii- 
cal guidance of Prof. Mahalanobis, included all the 
i:: sub-divisions in class I, i.r., the very severely 
affected areas, 0 out of 14 in class II (n) and all 12 
in class 11 (h), these being of the category of mode- 
rately affected areas, 4 out of 6 in class III .said to 
be slightly affected, and 3 sub-divisions from the 
remaining areas stated to be very slightly affected 
or not at all. The survey revealed that the classi- 
fication by the Revenue Dei)artment w^as not reliable ; 
the results were much more in accord with a classi- 
fication adopted by the Director of Industries, 
(Hwernment of Bengal. The material collected 
under my supervision was .statistically analysed in 
the Indian vStatistical Institute and the results have 
been given in a statistical report prepared under the 
guidance of Prof. Mahalanobis. The estimates used 
in this note are taken from that report but the con- 
clusions drawn therefrom are .eutirely my own.. . 


The economic condition of the people of Bengal 
has been luisativsfactory for the past few decades, and 
there has been in coiiseciuciice, an appreciable |)n»- 
portion of de.stitute persons in the population. B>’ 
the term “destitute’* is meant those depending 
solely, or primarily oil charity for their livelihood. 
It excludes those persons who have sunk below the 
subsistence level, but who are maintaining ihein- 
selvcs otherwise than by mainly depending on 
cliarily. 'J'he case of such people are considered 
separately from that of destitutes as defined here. 

In the course of the .survey, the economic unit 
taken was the family, including only those members 
of it w’lu) shared in a common kitchen. In the esti- 
mates, also the term “family** is used, in con.seqiieiice 
ill this sense. 

We do not ])o.ssess exact data regarding llu* 
number of destitutes iti 1941- JhR the census figures 
for 1931 reveal that as many as t‘ 07% of the entire 
population in Bengal came under this head in dint 
year. If it is assumed that up to 1941 this 
proportion remained on an average the same, we 
can form an estimate of the increase in desti- 
tution in 1943. Against an expected figure nf 
5*9 lakhs we find an actual of 7*5 lakhs. Pearly in 
1944 this figure had swelled to 10*76 lakhs as a 
result of the famine of 1943. This large number ‘>t 
over a million, includes infants, children, adults 
w^ell as aged persons. There arc about I'l lakh 
infants below the age of five. The earners of tnt 
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faiuilies of thousands of Ihcm arc dead or absent, 
of 28 thousands are invalfds, and of 37 thousands 
are without work. Children over 5 and below 15 
years of aftc among the destitutes number 3*87 lakhs. 
Of these 2'iq lakhs arc without earners, 0 91 lakhs 
have their earning nieinbers invalids and the 
remaining 0*77 lakhs children deneml on unemployed 
adults. Tliere arc also r^3 lakhs ad<descent and 
adult men and 2 92 lakhs women, in lliis economic 
group, besides 144 lakhs of persons aged 50 years 
or more. 

The infants and children who have lo.st t>ne 
parent or parents and earners through death or deser- 
tion and have survived, have in general been cared 
for by the surviving ])arenl or by relatives and in 
a small number of cases by neighbours or in orjdian- 
ages. Our survey was limited to families actually 
living ill villages, and could not cover the units 
which had migrated to other areas in their entirety. 
The surveyors were unable to ascertain adequate 
details in such cases, and these cases have had to 
be left out in our table. In some cases where trace 
was obtained, they were reported to be living in 
destitution on charity ; in others it was stated that 
most of them had died. But the majority were not 
traceable. The total number of such families was 
however le.ss than one per cent in our sample. Ob- 
viousl\' several different problems have to be con- 
sidered in any attempt at relief and rehabilitation of 
this varied grou]-». 'Fhe same measures will not meet 
the re<iuirements of each group. 

According to a report of the r.overnmeiil of 
HengalS during the first half of june, ‘*74 oridianages 
looked after 4,556 orphans**, and “130 destitute 
homes . . . provided relief to 13,321 inmates’*, 
'fhe orphans and destitutes living in these homes 
were in part at least not of the group living in 
villages, at that point of time. Tlie number of 
nrphans actually house<l in oi'idianages is of the order 
of 1*7 per cent of infants and children without 
earner, and o’q per cent of the total number 
of infants and children who were destitute in 1044. 
The number of inmates of destitute homes other than 
orphans is a little over 2‘2 per cent of the total number 
of adult destitutes. Tt is not clear from the 
brief note issued by the (lovcrnmciit whether some 
children of age 5- 15 are included in the figures for 
inmates of the Destitute Homes. In any case less 
than 2 per cent of the destitutes wc^re looked after 
in Homes of any kind. It is apparent that the 
bniit of orphanages and Homes for destitutes have 
not been reached. 

The total number of destitutes has probably not 
cliaiiged much in 1945, as the number of semi- 
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destitutes, i.c., families living below the subsistence 
level, but sonieliow dragging on their existence- is 
very large, and the economic condition of Rural 
Bengal lias steadily drawn a portion of them towarils 
complete destitution during h) 14 - 45 . The agricul- 
turist lU'oper is a iiartial exception, but craftsmen, 
agricultural labourers, cro])-sharers and iietly traders 
have continued to go downhill, though at a slower 
l)ace than during 19)3-44. The Famine Eiiquiry 
Coininission have quoted a rei)ort of Sir John Megaw, 
Director General, Indian Medical vService, from an 
enquiry in 1933 .stating that 31 per cent of the rural 
population of Bengal “were very liadlv nourished**. 
We find also that (a) the total luiiiiber of destitutes 
in January, 1943 was 7 ‘5 lakhs as against an cxiieclcd 
mtuiher of 5*9 lakhs on the assiiiiiiUiou that destitu- 
tion had grown in the same ratio as the increa.se of 
poindation, and (/>) the economic conditions during 
1944-45 have not been better for the poorer people, 
than during 1939-41. In 1944 <->vcr three-fourths of 
all agriculturists had less lantl than needed for 
subsistence as against 46% in 1936. The calculations 
have therefore lx*eii made on the basis of the figures 
for 1944. 

Tt is not jKissible to indicate exactly what prti- 
porlion of destitutes should be housetl in Homes, and 
what proiiortioii looked after otherwise. 

In general, attempts should be made by sanc- 
tioning relief grants to ensure that the infants and 
children can live in their actual homes with a parent 
or parents. Such an arrangement will enable the 
children more easily later on, to take their place, 
however huaible in society. An orphanage at its 
h.^st is a dreary substitute for the home, and socially 
it yet sticks a stigma on the inmate wliieh he can- 
not .shake off easily in his social life. It is, however, 
inevitable for infants and children who do not have 
any [lareiils living, nor really close relations (like 
grand-i>arenls) who will use any rice tlole or milk 
given, actually for those for whose henelit these are 
mteiided. Neighbours and distant relatives may 
])rovc worse than orphanage matrons in these respects. 

We have seen that about 2 per cent were lacing 
looked after in Homes. But the actual nuiiiber who 
may require such help in the matter of residence is 
much greater. A large proportion of destitute 
women with children (including infants) will pro- 
bably find it more helpful at first to live in a Home 
where industrial (or vocational) training is given, 
ivliile the children are also properly looked after in 
some attached iiislilution. Later on they will be able 
to set up house independently. 

The two problems- of setting up destitute women 
economically, and of looking after children should 
ill fact be considered together. Attempts to house 
the mothers in one institution and to send the 
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children tu another home elsewhere will cause un- 
necessary hardship, and drive away from these 
centres, women who would otherwise come to them 
to stay and learn how to earn their livelihood. Such 
a separation will also weaken the social bonds which 
are needed for the rebuilding of the family as the 
tnial step in rehabilitation. Small annexes for 
children should therefore be attached to women’s 
homes. It should be possible, with inoper training 
to get a few among the women in such Homes to 
help in running the annexes for infants and children, 
and thus earn their keep. Composite institutions 
like these can deal with the orphan problem more 
easily and economically. Kxpeti.ses in running and 
supervising several small homes will thereby be 
reduced. For success in running such institutions, 
a sufficient number of public spirited welfare workers 
are needed. The Nari Seva Sangha, a federated 
body of a large number of women’s organisations has 
been doing useful work in this direction by training 
(a) women welfare workers who have already done 
some work among destitute women and (6) women 
whom the famine has driven into the ranks of the 
vSemi-destitiite and who are willing to take up this 
type of occupation. 

The requirements of the infants at the orphan- 
ages (including annexes), will be food and clothing, 
and care. The diet will have to include some milk. 
Normally infants below 5 years reciuire three-fourths 
of a seer to one seer of milk daily for healthy deve- 
lopment. It is however not likely that anything 
like this amount will be available for the infants of 
the destitute. Such an amount of milk is not now 
within reach of infants or children of adult work- 
men who are fully employed nor of the genteel poor 
working as petty clerks in business houses. The 
necessity should however be borne in mind in any 
long term planning. 

P'or the children (age 5-15) in the Homes, educa- 
tion will be necessary in addition to food and clothing. 
Where there are schools near by, the children should 
be sent to these institutions and provided with books 
and other requisites. Where there are no schools, 
the centre itself vShould develop into one. For the 
older children, and women inmates of the linked 
institution, a training centre for helping them to 
earn their living will be needed. This matter will 
be considered in connection with the general problem 
of rehabilitation of adult destitutes. 

. Only a rough estimate of the number of such 
composite Homes can be formed. As noted earlier 
the survey docs not reveal exact figures regarding 
infants and children who may until advantage be 
provided in such institutions. Careful local enquiries 
in some areas suggest that probably five per cent 
of the infants and children require to be looked after 


in orphanages. Homeless women with children will 
contribute perhaps an equal number. This last figure 
is a rough guess. The total of 10 per cent will not 
however be an overestimate. 

If we accept these as our working basis, we have 
to arrange to look after permanently, i.e., until they 
grow up, about 5 per cent of the infants and children 
and temporarily, i.e., until the mothers are set up 
in a position to support their children — another 5 per 
cent of them. The total number of infants come out 
as 4,500 and of children as 23 thousand^. Five per 
cent of the adult and adolescent women is 15 thou- 
sand approximately. It has been noted earlier that 
relief grants for the reiiiaining children will have 
to be i)rovided. Hence in the matter of expenses, 
a moderate error in the estimates will not cause an 
appreciable difference in the total. 

Temporary Homes for about 15 thousand women, 
and 13 thousand children and infants and permanent 
Homes (be., for about 8-10 years) for another 13 
thousand cluldrcn and infants will have to be 
organised. If the Homes for women take about 100 
women and the annexes or sei)arate orphanages for 
children another roo, we shall require 150 composite 
institutions and 100 orphanages. As there arc 86 
sub-divisions in rural Bengal, on an average 3 insti- 
tutions will be required in each area. Actually some 
sub-divisions will require more ; others less. Thus 
Tamluk with 1,900 destitute infants and 5,420 such 
children, without earners (dead mostly), and 8,900 
adolescent or adult women in this condition will 
require Homes for 1,622 individuals as against 
TangaiFs requirement for S50 such individuals and 
practically none in Satkhira. The figures in these 
three ca.ses indicate that it will be .sufficient to 
organise one small Hcmie iti Satkhira but Tangail 
will need 3 composite Homes and 2 orphanages and 
Tamluk about 10 such institutions. In the case of 
areas like Tamluk or Tangail where more than Uvo 
or three Homes are needed, it may be possible to 
raise the si/.c of the institutions to economise in 
overhead expenses. But it should be remembered 
thc*t the major job of rehabilitation of the rest of 
the population will be to start Work Centres. It 
will be seen later that these workshops can be riiii 
more economically with a central institution linked 
closely with the Homes, as the coordinating body. 
Hence the question of distance between Homes will 
be important in that connection. Tamluk has an 
area of 749 and Tangail of 1,249 sq. miles. A dis- 
tribution of 10 Homes in Tamluk will mean one per 
75 sq. miles, f.c., a little lc.ss than 10 miles apart. 
If the degree of affection is assumed to be uniform 

* Tho Famine Enquiry Commission notes that “Preli- 
intniary CvSlimates by District Officers gave a total of <)vt*r 
30,000 but later this figure was reduced to 10,000.*' 
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all over Tamluk, obviously work centres could not 
be run at distances greater than this, as it would 
involve walking more than lo miles daily. Actually 
the distance between w^ork centres should he less. 
In Tangail the area is much bigger but the severity 
of the famine was much less and did not affect the 
sub-division uniformly. A total of 5 Homes means 
one per 250 sq. miles, i.c., the units will be nearly 
18 miles apart, on a uniform distribution. The 
actual location will depend on the relative intensity 
of destitution in different parts of each sub-division. 
As we shall sec later a much larger number of work 
centres arc needed to meet the full reciuircments of 
the destitutes. 

We may now take up the major problem of re- 
habilitation of adult destitutes, so that they may be 
able to support the children and infants. 

The adults fall into the following classes : 

(a) Invalids. (c) Ablcbodicd-men. 

(b) Aged persons, (d) Ablebodied- women. 

Clearly, the invalids will have to receive medical 
help, along wdth relief grants for food and clothing 
to enable ^liem and their dependents to live. From 
the survey it appears that there are 3 08 lakhs persons 
dependent on invalid earners. As the average size 
of the destitute families is 3*1, we may assume one 
earner per family, as this is roughly the proportion 
of earners to dependents according to the census of 
1941. The epidemic that was raging towards the 
end of 1943 and early in 1944 abated later on, but 
sickness and poverty have continued. So it is pro- 
bable that many more earners have fallen .sick, as 
against invalids who have grown well or arc not 
living now. The estimates for dole and medical 
treatment may therefore be formed on the basis of 
the figures furni.shed by the survey. 

Medical units for treatment, .such as those 
organised by the various Relief Organisations which 
work under the Bengal Medical Relief Co-ordination 
Committee have brought down the expenses per head 
to less than five annas. Data furnished by our 
survey reveals that among the destitutes about r lakh 
families have invalid earners. Many of these cases 
of sickness will require hospital treatment. At the 
rate of one earner per family, we have one lakh 
invalids. A good proportion of them are hospital 
cases. Similar cases arc also to be found among 
dependents. 

Even if we take this number to be 10 tliousaiuF 
and the duration of treatment required as three 

• The actual proportion of iiivaluls who were iiicapii])le 
of any work due to serious illness was tabiilatiMl for six 
.sub-clivtsioiis. The incidence of sickness noted later and 
the percentage of invalids is estimated on the !)asis <*f 
these figures. 
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months, we have to conclude that there is need of at 
least one destitute hosi)ital in each sub-division with 
about 30 beds. As the incidence of .sickness is over 40 
per cent in a year for the entire population surveyed, 
and as medical iinils such as those run by the Bengal 
Civil Protection Committee or the Peoples* Relief 
Committee can deal with 3,00^ new cases per immtli 
we require two units in each sub-division only for 
the destitutes. In the interest of economy non-official 
relief centres may be subsidised lo run such centres. 
This has proved very successful in the ca.sc' of the 
Bengal Medical Relief Co-ordination Committee and 
its affiliated organisations (like the Bengal Civil 
Protection Committee and the People’s Relief Com- 
mittee) . 

The able-bodiul adults and adolescents form a 
different group for whom the major problem is of 
giving occupation wliicli will enable them to make 
their own living, and to siij)port their dependents. 
This problem can be satisfactorily dealt with only 
after ascertaining the ])revious family occupation of 
the destitutes. 

By ijie term “family occupation’* is meant the 
major occupation by which the family lived. For 
the purpose of classification, the i)rincipal occupa- 
tion of agriculture has been .subdivided into four 
classes. The group “agriculture’’ represents mainly 
ryois w^ho cultivate their own land or that taken 
on crop .sharing basis. These people do not ordinari- 
ly work in other peoi)les’ fields as labourers at any 
period. The group “agriculture and labour*’ con- 
si.sts of persons wdio work jnirt of their time on their 
own (or sh'irc of) land and also as labourers in the 
fields of other persons. The group of “agricultural 
labourers’’ include persons who ow’ii no land or a 
negligible portion of it (say less than a fifth of an 
acre). There is another group which is n«)t how- 
ever homogeneous. It is labelled as “Non-cultivat- 
ing Owners’*. Man}’ rich land-ow'iiers employ hired 
labour or let out land on a share basis ; there are 
also widow's and orphans wdio cannot themselves till 
ihe land and follow^ a similar arrangement. Obviously 
these are two different sub-groups. They have not 
however been shown separately in oiir tables owing 
t(/ difliciilties of tabulation. 

The data collected leads to an estimate of 0*25 
lakh destitute families of agriculturists ; of 0*14 lakh 
.such families depending on agriculture and labour, 
o'5i lakh families of agricultural labourers, and o'o6 
lakh families of non-cultivating owners of this cate- 
gory. Fishermen had o'Ji lakh families among 
destitutes while craftsmen e'ontribiited 0*14 lakhs. 
Of the total number of destitutes, 27*8 per cent came 
from the agricultural group (all heads), while fishing 
anti craft contributed 3*1 and 3*9 per cent 
respectively. 
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The extent to which different coininunities have 
been affected is not however revealed by these per- 
centaKCS. As the bulk of our people, over 70 per 
cent are agriculturists, and the agricultural labourers 
and i)oor cultivators have been hard hit, a large pro- 
portion of the destitutes is contributed by them. 
The degree of destitution by occupation is given only 
by the jiroportion of destitutes of that group to the 
total population for that occupation. This index 
of destitution works out as 1*3 per cent for all agri- 
culturists as against 7*75 for fishing and 2*70 for 
crafts. Jf the agricultural groups are considered 
separately agricultural labour with an index of 3*02 
conies after fishing. The extremely high value of 
the index of destitution makes clear the urgency <>f 
relief and rehabilitation for fishermen'*. 

It is a matter of regret that in relief operations 
this hard hit group did not get the nece.s.sary jiriority 
or special help during 1944. The recent reorganisa- 
tion of the Fishery Department has improved the 
supply of nece.ssities to a certain extent. It is how- 
ever necessary that the different departments and 
oflicials on whose iirompt action and intelligent co- 
operation the rehabilitation of this community 
depends, should realise the urgency of the problem. 

Regarding the steps that are to be taken for re- 
habilitation, two lines are obvious — (a) To provide 
the means of livelihood to those who can work at 
home, and to help them to market their products, 
(/)) To arrange for work centres for those who can- 
not make a living by work at home. 

I shall take the case of the fishermen first as 
they are the worst affected group. Fishermen in 
different jnirts of Hengal follow on the whole the 
same techniiiue in fishing. For fishing in shallow 
] 30 ols of limited size they need only traps and nets. 
These cciuipnieiits als(j meet their need for fishing 
from river banks. Hut in the rainy season they need 
boats. Otherwise their activities arc limited to a 
bare six months in the year and they have to depend 
on their scanty .savings of the sca.sonal catch to drag 
through the barren months. At least one large cast- 
net and a dragnet for each family, and two or three 
plunge baskets and cage traps are necessary. One 
i)oat for every second family should be enough, as 
the ordinary destitute fisher family has not enough 
adults to man a boat. The other raw materials 
needed are bamboo, and yarn. The traps and nets 
are made by the fishermen. Boats will have of course 
to be built in siiecial yards. For preserving nets 
and the timber of boats, fisher folk will need tar, 
and other extracts. In some areas local materials 
are available and the actual need may be of local 

* The piTieiiinge of destitutes iiinong rural transport 
workers appi:ars to be nearly as high. Put the sample 
obtained was too niiiall for a definite conrlusioii. Transport 
includes river transport. 


purchase and supply, instead of import from else- 
where. 

If fisher families arc thus set up, the women of 
this community who arc without earners will be 
able to make a livelihood in most areas. For, the 
women can helf) to make the small hand nets, tin- 
traps, and also to sell fish. 

Arrangements will also have to be made for re- 
storation of fishery rights. The fishing community 
as a whole lives in a firecarious economic condition 
in Bengal, owing to the lack of legal protection. 
The fishery righls in small rivers and beds or even 
bigger waters in permanently settkrl areas belong 
to tenure holders or zeminders who lease them out 
to others. It appears from a report quoted by tlu* 
Floud Commission that “there is no limit to what 
can be exacted** of the actual fishermen for their 
fishing rights. Zemindars and tenure holders gene- 
rally settle fishery rights by auction to the highest 
bidder. The allied occupation of ferrying, which 
the fisher caste follows, suffers from the same handi- 
cap. Here the Ooveniment, like the Zemindar looks 
only to revenue. The highest bidder in most cases, 
in both occupations, is a rich malimjan, who 
employs the actual fishermen (and lioatmen) to work 
as his servants for fixed wages or a fixed portion of 
the income. It is a very unjust practice and it im- 
poverishes the actual toilers, to put some money into 
the pocket of the rich lease holder, tlie zemindar, an<l 
occasionally the Slate. Many fishermen have lost 
even what little righls they enjoyed, owing to ihe 
famine and continued high price of food-grains lliere- 
after. They include destitutes as well as those on 
the verge of destilnlion. 

Whatever help is given to the destitutes, of 
boats, nets and other materials, must obviously be 
in the nature of relief grants and not as loans carry- 
ing interest. Further, until the actual fishing opera- 
tions start, the destitutes must receive doles. 
Otherwise they will eat up the capital for eiiuipnienl. 
Where the fisherineii live in groups of families in 
their own hamlets, ijuarlers or villages, atteinjit^ 
should he made to orgaiiivSe them into co-operatives 
or unions. Official pressure may have the opposite 
effect. But if the help of local welfare workers is 
available, this added to official eiicouragenieiit will 
lead to the growth of organised fishing, as against 
isolated fishing. Co-operatives may develop in this 
fa.shion and will help in purchase and distribution 
of raw materials as well as in marketing of the catch 
of fish. 

In order to ensure future legal protection, it is 
essential that fishery rents should be settled by legis- 
lation. Further, it should be made compulsory to 
settle fishery rights on actual fishermen and jire- 
fcrably to organised groups of thciii. Similar pro- 
tection is needed for ferry rights. 
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Regarding poor peasants who have lost all their 
land, the correct step is to restore the land. The 
community mainly affected have been those owning 
0-2 acres of land. In the- case of these destitutes 
any law giving partial relief is useless. The present 
enactment empowers the former owner to repurchase 
the lost land, up to a value of Ks.250/- only, by 
l)ayiiig the price in ten instalments. Hut a person 
who has been reduced to destitution cannot afford 
to pay even a single instalment, nor the legal ex- 
])enses needed for this repurchase. Xornially, the 
cultivators who own .such a small holding have to 
supplement their income by labour, which is un- 
certain, aud in ordinary times, brings low wages. 
The Kloud Commission in 10.^8-30 expre.sscd the view 
"that 5 acres would be the minimum area recjuired 
to keel) an average family in reasonable comfort, but 
if the land is capable of growing nothing but auian 
paddy the area retiuircd would be about 8 acres**. 
Hence it is easy to understand that the families 
living by agriculture and/or labour, and with hold- 
ings of 0-2 acres would be on the margin of want, 
and in a large proportion of cases, actually in want. 
They dr) not have any reserve in normal times. 
Under these circumstances, these families as well as 
those of this economic group of owners of 0-2 acres 
who have lost part of their land, cannot be expected 
to make any payment for repurchase. Nor can they 
afford to buy plough cattle needed for cultivation. 
I'he entire amount will have to be advanced by the 
State. I'or protection against further loss of land, 
the land .so restored should be held in mortgage, free 
of interest by the State. As many members of this 
group have lost all tlieir land, the upper limit of 
the value of repurchase should be raised to that fjf 
2 acres,/. c.. Us. 1,000/-. 

Attempts should be made to get all such men 
to work together in cultivating their land. Con- 
solidation of holdings should also ])e attenii>ted on 
the lines followed in the Punjab, at the time of re- 
purchase. Tf pro|)er local help is available, such 
organisations should be enduring and help in col- 
lective purchase of manure, seed, and cattle, and of 
sale of i>roduce. Uatioiiing of the food supply for 
Bengal, and probably for India w ill have to be con- 
tinued for some years to come. The present waste- 
ful official arraiigcineiits can be imi)rovcd if such 
peasants co-operative units grow up in villages. They 
will also help to put down sharp practices of traders 
and black market promoters. 

An important step in attemi)ting rehabilitation ot 
small peasants is in the direction of protection from 
'-‘Uperior landlords. Many of these small j^easants 
»^vcn when they have had all the land they formerly 
possessed, will be found to have an acreage insuffi- 
cient for a living. Land sometimes however becomes 


available, through vacancy or otherwise. In general 
the landlord settles it on a prosperous non-cultivating 
owner in preference to the real cultivator of the 
soil. The result is that the same land becomes avail- 
able to the small peasant, through a middleman w'ho 
makes him a share cropper (bargadar). Kveii w’here 
the ])easanl Iiini.self has reclaimed .some land by em- 
hankmenl or drain.agc the landlord lias been found 
to settle it with others on better terms for himself. 
Instances have come to the notice of the writer where 
the peasants had to put up a fight against such in- 
justice, not always with success. Legal iirotectioii 
of the ryot is essential in these matters. This point 
will be discii.ssed in detail in a separate note on the 
land iirohleni. Here it may be noted that the actual 
tiller of the soil should have tirsl preference in the 
matter of vacant nr reclaimed holdings. 

This group of destitutes has one special problem, 
revealed by the comparative figures for men and 
women. So far as tho.'^e who are unemployed are 
concerned, restoration of laud and provision of cipiip- 
meiit will .solve the difficulties. There are however 
T4 thou.saiid women and 27 thou.sand children and 
infants, of whom earners are dead. There are also 
4 thou.sand women and b thousand men, as well as 
g thousand children dependent on invalid earners. 
As.suming one earner per family, the total population 
of this last group will consist of 6 thousand families. 
Tn this case, until the invalids become able to work, 
or if this is not possible, until children grow up, the 
cultivation will have to ])e carried on with the help 
of paid labourers. This will also he the case wiiere 
adult earners are de.ad. As this will reduce the 
income from land some subsidiary occu])ations will 
have to be taught to them, so that a small income 
to supplement that from land may be available in 
this way. The occu|)ations .should be so selected 
that the old men of this group may he able to help 
in some of them. Subsidiary occupations are listed 
later on. 

A similar problem exists for the grouj) "Agri- 
culture and Labour**. Here the position is more 
serious. Restoration of land and furnishing of cattle, 
plough, and seed will not meet the reciuireincnts 
in many cases. No doubt the group of destitutes 
who are imeinployed but not sick, will be able to 
earn their living when e(|uipped with laud. They 
will find occupation as agricultural labourers in their 
spare time (since their own land is too small to take 
more than 4-5 months in the year) in the fields of 
f)thers. But the women and children depending on 
invalid earners, or where the earners arc dead, wall 
not gel a living from the land that may he restored 
to them. Their land will have to be tilled by others 
and they themselves will need work suited to their 
capacity. There are ig thousand destitute women 
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and children f)f whom the earners arc dead and 4 and other labourers. They cannot take to those 
thousands with invalid earners. occupations. 


KSTIMATUD NUMBKR OF DUvSTlTUTKS IS MAY, 1944 
BV AGE, SEX, CONDITION OF EAUNERS AND FAMIIA’ OCCUPATION IN JANUARY, 1943 
(All lifi:ures in lakhs except in last colunin) 
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The. figures in the last colmiiii .eives the pt*rceiitaK<^ of the destilu’c families in each oeeupalicni «is compared 
to the total numher of families in st.ch occup.-ition. The figures in the other columns refer to actual numhi*rs, 
in lakhs (hundred thousands). 


It is obvious that such helpless women and For the men formerly engaged in craft or trade 

children will be in an even more difficult position, a return to such occupations in the villages is not 

among agricultural labourers. T'herc are 38 thou- inimedialely possible except in sonic cases. These 

sand destitute women and 64 thousand children men made th?ir living by serving the village agri- 

(incl tiding infants) withrmt any earners. Another culturists and when the agrarian economy was dis- 

35 thousand have invalid earners. Work will have organised, these village servants were reduced to 

to be found for all these women. The position is destitution. Most of them have lost their cquip- 

same with regard to noii-agricultnral labour, e.xccpt ment, having sold them due to w'ant or owing to 

that this group is much smaller both in the general inability to replace worn out tools. Rehabilitation of 

population as also among destitutes. such artisans will necessitate supply of equipment 

The persons classed tinder “Food Industry” are »» well as work. Such work may be in centres as 

almost all who live by hulling rice. This is tttiiver- "ell as in villages on an individual basis, 

sally an occupation of women, where country hullers IFcarerj?. — The ca.se of only one group of artisans 

arc u.scd. The figures for destitutes also bear this — handloom weavers — who stand on a different foot- 

out. Afatiy of these woineii are unattached persons ing is considered in some detail. Their total number 

who have been following this occupation to make a in 1940 w'as slightly less than 2 lakhs and they were 

livelihood for themselves. The table shows that responsible for 45 per cent of the cloth production 

there arc no children dependent on one large group in Bengal. Some of them worked on their own 

of them who are invalid or unemployed. Others who looms, wliile others were merely paid craftsmen 

have children dependent on them have been reduced using looms owned by mahajans. Even among those 

to rely entirely on this occupation through death who work their own looms, the greater number 

of earners and finally brought to destitution. In receive advances of raw materials or even actual 

all the otlier occupations, the position of women who cash to meet their es^enses on food and other 

have lost earners is similar to that of agricultural essentials, and have to suffer through high prices 
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charged for yarn or low rate of wages (Bani or piece 
rate)®. In consequence “the weavers live from hand 
to inouth“. The enquiry of the Government of 
Bengal from which these facts arc quoted, revealed 
that “hardly 25 per cent are in a position to carry 
on production independent of the help and inter- 
ference of the mahajans**. The detailetl notes 011 
such famous cloth production centres such as Shanti- 
pur, Karasdanga and Rajbalhat, clearly bring out 
the wretched jwverty of the weavers and their posi- 
tion of practically sweated wage servants to 
mahajans. The report indicates that the number of 
loomless weavers like landless labourers was <ui the 
increase even prior to 1940. The famine of 194.^ 
accelerated this change, as it did in the ease of agri- 
culture. Many thousand weaver families sold or 
niortgaged their looms and gave up their family 
occupation owing to lack of means. If at present 
only yarn is supplied to weaving centres, the 
mahajans will reap most of the benefit. A i»ropcr 
scheme of rehabilitation must include (a) arrange- 
ments for restoring looms to the weavers who have 
parted with these under stress of necessity, {b) or- 
ganising them into co-operatives in the larger centres, 
for iiurchase of yarn and sale of finished products, 
(r) relief grants to enable the weavers to live until 
they have woven enough clothes to earn a montirs 
keep and (d) supjily of yarn from Government Stores 
direct to weavers. Where co-operatives of genuine 
weavers (as apart from Alahajans) exist, the supply 
should be made through such organisations. 

It is true attempts in the past to form co- 
fqierativcs have not produced encouraging results. 
Hut there is now greater consciousness of their needs 
and possibilities of joint work among the weavers. 
With proper help from local welfare workers there 
is now a greater chance of success. 

The weavers who can take their place in their 
old craft centres, should jireferably be put back in 
those places. vSome of these units may take the 
place of weaving work centres discus.scd later on 
under occupations for women destitutes. Isolated 
weavers who are homeless and cannot go back to 
their village may easily be absorbed in such work 
at other centres. 

Unproductive . — It is to be noted that the occu- 
I>ational group marked ^Unproductive* is mainly of 
persons living on charity, i.c., persons who had been 
reduced to destitution prior to 1943. The existence 
of a large number of such persons is merely an in- 
dication of the failure of the vState to look after the 
economic well being of its people. Hence in any 
real planning for rehabilitation these persons should 

'' Handlfx)in cotton weaving in Heiigal, (iovl. of HcitiiJl 
of Industries Bullciin No. 88, Aliporo, l!)H. 


also be included and counted among those who need 
work. 

Ivxcluding the agriculturists proper, and the 
fishermen, whose cases have been discussed sepa- 
rately, we get the following figures for women and 
children (including infants) without earners, or with 
invalid earners or depending on unemployed earners : 

{Figures in thousands) 



Infants 

Children 

Women 

Men 

Old persons 

Earner Dead 
learner 

38 

193 

149 

38 

52 

Invalid 

26 

81 

66 

40 

62 

I'neniployed 

29 

62 

43 

36 

20 

Total 

93 

336 

258 

120 

134 


Of the adult men who are in the group linked to 
invalid earners, a large number are actual invalids. 
For the prestmt we may leave out a gocxl portion of 
them say one-fourth or one-fifth and lake the number 
of men who may be available. for work as no thou- 
sand. This will not be an underestimate, in view of 
the incidence of acute and ordinary sickness noted 
earlier. 

Of this no thousand, iirobably 25-30 thousand 
will he partially absorbed in cultivation of land re- 
stored to women who have lost their earners®. 
Again, if occupation is provided to all the un- 
emidoyed men, they will be able to look after a 
certain proportion of the women and children who 
are destitutes as being members of their family unit. 
Full occupation will therefore have to be found for 
at least 80 thousand men, for 15 thousand women 
\>hose earners will e'ontiiiuc to be invalids and 149 
thousand women whose earners are dead. 

Occupations. — The only* way in which useful 
• work can be given to any person in society is 
til rough making him or her produce goods which 
are needed, or services. In a note on the rehabili- 
tatum of destitutes, a discussion of the meaning of 
the term “services** for gifted individuals is irre- 
levant. Here we have to consider only such humble 
services as these persons may contribute after a little 
training. Occupations like cultivation, or agricul- 
tural labour or fishing have already been discussed 
and are now left out. 

A fair proportion of the able-bodied men may 
1)..* given the useful occupation of constructing normal 
duralde huts (not temporary shelters) for the 
destitutes. Each hut will cost about Rs. 20-25 in 
materials and will require 30 men x days of labour. 
It may be noted that the 3 lakh huts needeil can 

‘ Alunit 22 tlamsand faiiiiliis of agriculturists and of 
llic group agriculture niid labour have l<»st earners, leaving 
iHbind women and children. 
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give occupation to 25 thousand persons over a year. 
Some of these may be women helpers as noted later. 
Only the cost of materials may be recovered later 
on over a number <)f years. 

A much larger number can be employed in (a) 
excavating and cleaning silted up tanks, water sheds, 
canals and small streams, (/)) putting up embank- 
ments l(j protect land against flood, (r) carrying out 
drainage projects. In view of the large amount of 
such work so far not taken up by the vState, it is 
likely that a portion of the i)rograninie will absorb 
the remaining 60-65 thousand men. vSuch work can 
be carried out from November to J\tnc. During the 
four months of rain and autumn a very large pro- 
jiortion of the men can be cmidoyed in iiioscpiito 
control work in the entire rural area, excej^t tho.se 
which are regularly inundated during this season. 
Ill these last mentioned areas, the work may start 
later. As there are go thousand villages in Ileiigal, 
moscpiito control work can absorb the entire number 
of destitute able bodied men during the season, and 
leave a deficit. The agricultural o|jerations reach a 
peak during July, Augn.st for transidanting and 
again in September (ap|>roximately) for a fort- 
night for harvesting the Jus paddy. There will 
therefore lx* an additional demand for men during 
these i)eri(Kls. The regulation of wate*r ways will 
not only help to increase the crop production but 
improve the general health. Mosquito control work 
taken iq) in conjunction with such projects will 
stamp out malaria which is the cause of 80 per cent 
of sickness among the ill-fed villagers. 

boat building and water transport. The 
('rovenimeiit have already started constructing 
several thousand boats of somewhat inferior 
materials. Now that the demands of the war are 
,al an end, this [uogramine can be amplified and better 
materials used. Incideiitially the large volume of 
military transi)ort by water which re(|uired employ- 
ment of many seamen, can be replaced by coastal 
trading in seaworthy vessels built in India. Only 
skilled workmen will be ab.smbed for such work. 
This will be helpful to arti.sans and also to techni- 
cally trained men now losing their jobs. 

Many of the rural areas in Bengal are still 
njadless. Amenities of education and .sanitation, of 
relief and medical help arc often made extremely 
difficult by the isolation iinpo.scd by lack of roads. 
Cheat difficulties were experienced by our surveyors 
in reaching many areas of Eastern Bengal and some 
parts of Northern and Central Bengal, in spite of the 
fact that most of them are rural people experienced 
in rural welfare work, A well idanned road deve- 
lopment scheme to link up rural areas with all 
weather roads to the admiiiistralive industrial and 
educational centres can furnish employment to thou- 


sands of labourers all over Bengal. Men as well as 
women can find work in such projects. 

Keeping poultry, cattle or pigs. Poultry 
may be u.sefully kept in Muhaininadan villages but 
I)igs will be taken only among tribal folk. In view 
of the shortage of cattle, suggestions for building up 
dairies are meaningless at present. Sucli plans will 
have to be given effect to over a longer term. Im- 
portation of good milk yielding goats and goat 
breeding may however be taken up immediately as 
a cheaper and easier proposition. 

Bee keeping is a subsidiary occupation suit- 
able for old men. They may also help as herders 
of domestic animals, mentioned in the previous 
paragraph. 

This leaves us about 164 thousand women to 
be provided with means of livelihood for lhem.selves 
and for 2 children (and infants) on an average. 
The ratio of women to children, stated, can be con- 
firmed by a simple calculation. Since a destitute 
family, has ou an average 51 members, the iio 
thousand men given jobs will be linked to and lookin,;^ 
after at most 251 thousand wennen and children. 
Blit there are 429 tlioiisand children and 258 Ihoii- 
.sand W'omen destitutes. vSubtraction of 251 thousand 
proportionately from these two figures leads to a 
close confirmation of the conclusions already drawn. 

It is probal)le that a j)ortion of these women were 
last year engaged in road construction for militari- 
purposes. Others again, sold their honour for foo<l 
and clothing for themselves and their children. 
Reports from surveyors from the Chittagong area 
ill TQ 44 and later surveys liy others (including some 
trained men) indicate that this has hapiienecl on a 
large scale in tlial area. The bumper croj) at tin- 
end of ic)45, and the good harvest of 1944 eiiabicd 
many of tliesi. destitute persons to manage to live 
011 lielp given by others. The poor yield in 19 15 
to be anticijiated from the present abnormal rainlall 
in different parts of Bengal, will wipe out tlie link 
re.serve that the good yields of the two jirevious yeai^ 
have given, and the number of destitutes will 
increase again, unless early steps are taken, 'fix 
problem will in fact be more actiie in one resi»evi 
in 1945 than in 1943. Due to the end of the war 
a large niimlier of workmen in jiile mills, in war 
industries and teclinical jobs, as wdl as many of the 
genteel poor in the different supply offices, will he 
thrown out of work. With proper planning, aiul 
less strain on the transport system, the distribution 
of relief may work better than in 1943 ; but even a 
smaller shortage of grain will lead early next > var 
to greater distress. The destitute women niul 
children who have managed to survive through uiM* 
45 will in any case, again face starvation, uiilesi^ 
work is provided now. 
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Occupations puk M^omkn 

Uuskinff paddy . — This is nut a i)ayin.^ occu- 
j>ation. Only women without dependents can make 
a livitiR by it. Apart from those who were previously 
followiiiR this occupation and became destitutes, a 
certain number of women will be able to take it up. 
Centres may be ori*:aiiised or hullers supplic’tl to 
houses, according: to local conditions. 'I'liese women 
may make a living if licenses to new rice mills are 
not issued, and a guaranteed wage paid. Such 
living wages will bring the expenses above that paid 
to rice mills. This difTerence will have in be met 
by the State out of the price charged for ratitmed 
food grain. 

LrTinding icheai or pulse. — This can only be 
a subsidiary occupation for women who liave some 
other source of income as from land (where the land 
lias to be cultivated with the hell) others). 

Spinning and Ti'cavinji . — Spinning is an occu- 
l)ati()n which can be taken up by old men as well as 
by women. They can also arrange to increase their 
out-put by taking the help of children above the 
age of g or lo to some extent. So long as the i)re- 
seiit niismanagement of distribution of cloth from 
mills and country looms and the shortage of yarn 
continues, there will be no difliculty in the matter of 
sale. The price fixed by Khadi shops will not how- 
ever be realised if large scale production lakes i)lace. 
A bare living may howet'or be possible for a w^imen 
by siiinning 9 hours a day and a child above 10 
years doing it for about 4 hours. Guaranteed higher 
ujiges will be needed here to enable better living 
conditions and to reduce such work by women to 
S hours a day and by children to about 3 hours. 
Assuming that an adult spinner can jiroduce tluni- 
saiid 2 hundred yards of yarn in S hours and a 
child 6 hundred yards in hours, the present guaran- 
teed prices of the Khadi organisations will bring 
such a unit (one adult, one child) an income ol 
Rs. 21/- approximately per month. It is assumed 
that rice will be rationetl and not sell above Rs. 10/- 
per maund in the rural areas where such centres are 
situated, and hence this income will just suffice for 
the family^. 

The spinning centres can be run economically 
if the cotton needed is supplied after being ginned 
to ensure fairly uniform output of thread. 'Ihe 
cloth should be woven at the centre or at a larger 
centre fed by several sub-centres. This in its turn 
slamld provide some occupation to destitute weavers. 
Giie woman working 8 hours a day and one child 
hours a day can spin enough coarse thread for 6 
tlhnties or saries each month. As a weaver (helped 

^ Calcttlations l>ased on current rates of payment by 
Klituli Pratisthan and similar organisations. 


by a woman in preparing the tliread for warp, wind- 
ing ui) the thread on bobbins for the woof, etc.) can 
fini.sh about iS dhuties in a month, the ])ruportion 
of weavers (men) to women si)inners and helpers, 
including children above 9 or 10 comes o\\{ as i to 7. 
We may also put it differently. Three centres for 
spinning each with Kto women and 100 children 
above 10 will meet the ref|nirenients of a weaving 
centre with loo looms in charge of 100 weavers 
helped by 100 women. As Bengal does not produce 
enough clothes for the province, and for some years 
at least the cotton industry will not grow sufficiently 
to supply the entire needs, a fairly large number of 
such centres may be organised. 

The cotton needed for it may be grown locally. 
Tile yield will he le.ss than that in the black soil of 
Berar but enough good soil is available iii most dis- 
tricts of Bengal for a moderate cro]). 'I'lie saving 
in the cost of traiisiiort will probably be found to 
make uj) for a good part of the loss in yield, iier 
acre, as the entire amount should be iilaiiiieil to be 
consumed locally. 

Shelters.— Women workers can help indirectly 
by preparing some of the materials needed for the 
huts, suggested earlier to be created for homeless 
destitutes. 

(<i) The hogla mats, and bamboo woven pieces 
(darmas) may be [uepared by them. 

(h) Where earthen walls are erected, the mud 
l>aste may be prepared hy them, the men doing the 
harder work. They may also help in other similar 
.subsidiary labour. In general carrying the malerial 
is done i)artiy by women. 

((’) Preparation of coir ropes from cocoaniit fibre. 
With somewhat improved twisting machinery, this 
can be a iirofitable occupation. The occupation and 
the allied work of coir products is practised in all 
the districts of Southern Bengal, exlending from 
Midnapore to Chittagong. 

Health service. —WomL'W may be Irained to per- 
form vaccination in villages, to stamp out small pox. 
They may also be given a good training in j)raetical 
work as dais extentling over several months. As 
this work is done in the villages by illiteTate Women 
who have only traditional ideas based on empiric 
knowledge as well as superstition, the re.siilts will 
certainly be better than before. In the interest of 
permanent welfare, such women should also be given 
an intensive course of education (on modern methods) 
ill their mother tongue to make them literate. The 
entire period ref|nired fi)r all this work will be less 
than one year. The expenses for the \\*omen and 
their dependents will have to he borne during the 
training i)eno<l by the State. 

P'ducation . — This portion of the. work belongs 
to long term idanning. But arrangements have to 
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be made for teaching of the destitute cliildrcii. The 
small number r)f educated men and women including 
teachers, who have been reduced to destitution may 
be provided in this way. 

Organisation of centres , — Several different occu- 
pations have been mentioned as suitable for women, 
and centres have been suggested to be organised for 
them. The outline given for the spinning-cuni- 
weaving centres is typical of what may be done. 
The larger centres may be organised at the same 
locality as the composite homes for women and 
children and the orjdianages mentioned earlier. It 
has been estimated that 250 such institutions (Homes, 
etc:) will be required at first. Later on a number 
of women may set up house separately. This will 
not cause any difficulty if the work centres are linked 
to these place's. The strue'tures vacated may be 
usefully taken up later on to meet the needs of more 
developed crafts or as schools or health centres. If 
we have four sub-centres at about cipud distance 
from a larger co-ordination centre organised along 
with the Homes or Orphanages, we shall have a total 
of 1,000 work centres besides 250 linked to the 
Homes and Orphanages. This means, on an average 
(not actual) 12 work centres per sub-division. For 
an area like Tamluk, the distances between work 
centres will be 3 miles. This distance can be com- 
fortably covered daily for work at the centre, as each 
rierson will have only ij'i miles to walk on each 
journey. The average will be about 2 miles, as 
some will travel only half a mile or less each way. 

Expenses , — A very rough estimate of expenses 
is given below : 

Restoration of one acre of land on an average to 
25 thousand families, @ Rs. 500/- per acre plus equip- 
ment OjD Rs. 100/- per family — Rs. 150/- lakhs. 
Restoration of one-third acre of land on an average 
for 14 thousand families and Rs. 100/- for equip- 
ment for every three families — Rs. 28 lakhs. One 
boat and other equipment for ii thousand fisher 
families Rs. 150/- per family— Rs. 16 lakhs 
apj)ro.\'iniately. One hut per family for 3 lakh 
families of destitutes Rs. 50/- per hut (Rs. 25/- 
for materials and Rs. 25/- for labour) in rural areas 

Rs. 150/- lakhs. It is possible that out of 25,000 

persons needed for this work only a certain propor- 
tion will be available from among destitutes. The 
rest will have to drawn from the unemployed among 
the semi-destitute group. 

One thousand work centres — The Government 
estimate is Rs. 2,000/- capital expenditure on 
building and Rs. 500/- on cquipme‘nt. The working 
capital needed for each centre of 100 workers is 
estimated as Rs. 2,000/-. The capital outlay will 
therefore be Rs. 25 lakhs and the working capital — 
Rs. 20 lakhs. The worker's wages at -/8/- annas 


per day will be Rs. 15 lakhs per month. We may 
reserve two months wages as dole to cover sickness, 
i.e., Rs. 30 lakhs. 

To guarantee living wages a small portion of it 
may have to come as subsidy, or to meet the market- 
ing charges. The staff needed will be something 
like this : — 


Rs. 


Sul)-Cetitres— One Superinleiident & Storekeeper 70 p.ni. 

Two artisans or instructors ^ ... 40 ,, 

One ordinary teacher . . 40 ,, 

Total ... 190 ,, 

One Darwan ... ... ... 20 ,, 


Main Centre — Superintendent 

Clerk. & vStorekeeper 
Artisan etc. 

One teacher 
Two Darwans 


Total .. 210 „ 

70 p.iii. 
... 60 

80 

40 „ 

40 „ 

Total . . 290 „ 


For a unit consisting of one main and four snh- 
centres we shall have to spend about Rs. 1,130/- or 
roughly 1,200/- per month. For a total of 250 such 
units the expenses will be Rs. 36 lakhs per annum. 

250 Homes and Orphanages — Of these 125 will 
be permanent orphanages in charge of matrons and 
will run for some years. liacli will have 100 inmates. 
The capital expenses and ccinipmcnt will probably 
be Rs. 2,000/- per home, i,e., Rs. 2 5 lakhs. The 
running cost, including food Rs. 10/- per head 
(ail underestimate) and clothing (?; Re. i/- per head 
per month and a matron, a cook and a darwan will 
be Rs. t8 lakhs. 

For the temporary Homes, the capital expenses 
will be double as they will house an ccpial number 
of women and cliildrcii. When vacated the bulid- 
ings will be available for advanced training courses, 
for industrial work as well as for higher types of 
schools. 

Calculating at the same rate the capital outlay 
will be Rs. 5 lakhs. Tliese women will need some 
help for at least a month for their own livelihood. 
Probably, it will take three months on an average 
before they can earn cough to support their children. 
This is a rough guess. The total cost for this period 
will be about Rs. 10 lakhs. 

The cost of services — It has been suggested that 
80 thousand men arc to be put on excavation, ein- 
baiikmeiit, and road building work, besides construc- 
tion of huts. The expen.se on materials for mosquito 
control will not be calculated as it will save expense 
on medical relief. The other works will also even- 
tually bring returns in better crops, less flood and 
more amenities. But the present cost may be cal- 
culated for 12 months work in the year to include 
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both kinds of occupation. If \vc assume that 15 
thousand destitute men are absorbed in hut buildings, 
the cost for the other work will be -/S/- per day 
— Rs. 1 17 lakhs. Regarding midwives, also the 
expense of training for one year will have to be 
counted. If for go thousand villages of Bengal, we 
train even 15 thousand mid wives, the cost will be 
about Rs. 30 lakhs for food and clothing and Rs. 5 
lakhs for general education and training as suggested. 

Medical Rt’/tV/.- - Hospital treatment of 10 thou- 
•sand persons for 3 months will cost Rs. 20/- per 
head, per month in overhead charges (doctor, nurse, 
house rent, servants) and Rs. 40/- in fo<xl and 
medicine. The total will be Rs. 18 lakhs. This 
excludes the cost of equipment which will be not 
less than Rs. 4 lakhs. The medical units will cost 
a little over Rs. 10 lakhs. Doles to go thousand in- 
valids for three months @ Rs. 10/- per month — 
Rs. 27 lakhs. Thc.se expenses which .arc definitely 
an underestimate come to a total of about rupees 
.seven crorcs excluding milk for infants and old age 
pensions for aged ]^ersons. The actual figures may 
come to Rs. 10 crores but it should be remembered 
that in the war much larger .sums of money have 
been spent each month even by India. The total 
required is not therefore too high or not pos.sible to 
raise, to fight destitution with success. 

The Government budget provides about four 
crores for Rehabilitation. This means about Rs. 37/- 
per de.stitute — for complete restoration of economic 


self-sufficiency, or in terms of the family unit, 
Rs. Ill/- per family. There is reason to believe 
that the officials have not Ixvn able to organise Re- 
habilitation even to this extent. This is not sur- 
prising as reports are received from fishing villages 
that they cannot get interest free loans for equip- 
ment, or if they get advances, no relief grant is made 
for inaintenaiice until fishing brings an income. No 
attempt has also been made to restore land to agri- 
culturists, in an organised niaiiner. The handicaps 
in the way of recovery of land by the destitute or 
semi-destitute agriculturist have proved too formid- 
able for him to take initiative in this matter. vSiniilar 
reports are also coming from weaving centres of 
failure to cater to the real need of the poor. The 
actual power of carrying out the rehabilitation mea- 
sures rest with local officials, in each areas. They 
find it difficult to unbend, and co-oi>erale with the 
people directly. 

It should however he remembered that even this 
budget of ten crores or these organisations will not 
provide a permanent .solution of the i>roblem. That 
will be i)0ssiblc only on a long term planning for 
jiroduction of more food and clothing and services 
for the country as a whole and arrangement for an 
equitable distribution of the .same. It is also e.ssen- 
tial to reduce the pre.ssure on land by industrialisa- 
tion. A brief reference to the .same has been made 
in my earlier article on “The Problem of Rehabili- 
tation'*. (SciKxcK AND CiTi/ruRK— July, iq/15). 


ENGINEERING RESEARCH IN SWEDEN 


^HT? position of engineering research in Sweden 
has been vividly described by Professor Edy 
Velander, Director of the Royal Sw^edish In.stitutc for 
Engineering Research, in a recent issue of Engineer- 
ing (March 3, i945). According to him, engineering 
research in Sweden is mainly grouped around the 
three corners of a triangle, represented by engineering 
colleges, independent research institutions and indus- 
trial laboratories. The Royal Institute for Engineer- 
ing Research or Ingeniors Vetenskaps Akademicn, 
commonly known as the I. V. A., established in 1919, 
is a learned society and an industrial foundation for 
the development of the country's national resources 
and for the promotion of industry through research 
The initiative taken by Great Britain soon after the 
last war to stimulate research aroused great interest 
in Sweden, and when Government and industry 
agreed to create the I. V. A. their plans were strongly 


influenced by the ideas leading to the eastablishment 
in Great Britain of the Department of Scientific and 
Industrial Research and its branch Research Associa- 
tions. The I. V. A. is maintained from approximately 
e<iual sources of income from (/) the proceeds from 
an industrial donation of about £85,000 dating from 
I gig, {ii) certain annual subsidies from an industrial 
association for the promotion of research, and {Hi) 
annual State grants. 

The I.V.A. has ten departments viz., (i) Mecha- 
nical, Shillbuilding, Aeronautical and Thermal-Tech- 
nology ; (2) Electro-technology ; (3) Building, (4) 
Chemical Technology; (5) Mining ; (6) Production and 
Factory Technology ; (7) the Basic and Ancillary 
Sciences Relating to Technology ; (8) Arboricultural 
and Wood Technology ; (9) Economic Sciences and 
Organization ; and (10) Biotcchnical and Related 
Sciences. In 1943 a Fuel Research Station was built 
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]>y the vStiitc and ijlaied at the disposal of the Institute. 
( )f all the research and w i)rks ^ironp, the Technical 
Research Organization (or the as it is com- 

monly termed) rei>resents probably the most unique 
tyi)e of a .eiant informal committee founded in 1930, 
which has no i)arallel in any research orRanizalion of 
other countries. 

'file characteristic feature of the F. H. O. is a 
^.u-oiip of sf)mi.* 250 “contact men** who have made 
their services available for co-oj)erative tasks. Every 
contact man represents a certain group of his 
colleagues in the field of aj^plied scientific research, 
for exami)le, an industrial laboratory or research ins- 
titution, a technical college or tuiiversity institution, 
a State l>iireau, an associatiem or a learned society of 
a technical committee. The main purpose of the 
contact men is to transmit questions and information 
from (Jiie group to the other. They are not always 
selected from among the leading figures but may fre- 
(luently ])e young men who have the time and interest 
necessary to take charge of such contact work. A 
small nucleus of central contact men forms a central 
tuiit with its own chairman and holds regular confer- 
ences. In order to i)romote friendly ct)-operation in 
research circles the F.H.O. from time to time arranges 
large Jiieetings, study visits and a series of conferences 
on research methods to bring tlie varied branches of 
knowletlge of the different subjects together. 

The ever-increasing understanding of the impor- 
tance <»f research following the last war resulted in 
the formulation of a Committee, in the spring of 1938, 
to investigate the mo^t efficient manner of scientific 
research. I'he Committee was formed by the Federa- 
tion of Swedish Industries with the close co-operation 
of tlie I.V.A., whicli, ultimately through the Swedish 
(Government, decided in August 1940 to appoint a 
Commission of seven exficrts to study the organization 
of scientific investigation, while at the stiine time 
aiu)tlier Commission was appointed to deal with the 
l)roblem of higher technical training. The re.search 
Commission has since proposed that every year a 
large sum .‘liould be made available for research prf)- 
grainnies to an amount which should gradually be 
brought up to the million mark or more. For the 
budget year 1943-44, the sum is 700,000 Krones 
(roughly £ 3i>,5o d . The Commission also recommen- 
ded the establishment of a State Research Council on 
which the I.\'.A., the Royal Academy of vSciences, 
tlie technical colleges and the Engineers’ A.s.sociation 
would be rejircseiited. The Technical Research 
Council started its activities in 1942 with proiiosals 
to establish council for agriculture and medicine. 

The Commission primarily studied wood and 
building research. Wood research is of great national 
importance to Sweden to such an extent that the 
existing Wood Chemistry Institute at the Stockholm 
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Royal Technical College, the Central Laboratories for 
the Cellulose Industries and the Swedish State 
Testing Office were inadequate. The Conmiission, 
therefore, pniposcd the establishment of a Swedish 
Wood Research Imstitiite in Stockholm which was to 
be built in 1944 at t'ost of about 20,000. 

The second largest field is building research which, 
however, presents a different aspect. In this case 
there are a number of laboratories fairly well equipped 
as well as vState and private organizations devoted 
to the improvements in building construction methods. 
As, however, there is no proper co-ordination 
between these different enterprises, it has been pro- 
posed to establish a pool for co-ordinating these 
various organizations, instead of founding a separate 
institute. 

In 1911, the cement industry established a gene- 
rous fund making it possible to build and equip a 
Central Instiinle fr)r Cement and Concrete RCvSearch. 

For a good many years the iron and .steel in- 
dustry has had an organization called the Jernkontorci 
(Swedish Iron Masters* Association) which lias also a 
research division. Ihider the auspices of that organi- 
zation, a Metallographic Institute was established 
some years ago. It has now been decided to enlarge 
and reorganize that Institute in co-operation with the 
non-ferrous metal industry and the Federation of 
Mechanical Industries. Likewise a small Institute for 
(Geotechnical Research has been estal dished in co- 
operation with the vState Railway Administration, the 
Roa<l Authority and other official interests. 

The Research Commission has also jn'opo.sed ii 
Textile Research Institute as a parallel to the wood 
and metal in.stilntes and located at Ooteborg near the 
Chalmers College of Technology. This Institute is to 
be e<iuipped with the remarkable apparatus developed 
by the. Svedbevg and Tiseliiis ffW the study of large 
molecules. 

The pn)posal of a Food Conservation Research 
Iiislilutc to work in collaboration with the division 
of physical eheinistry at the Textile Research In- 
stilule is also being investigated. 

The T.eather Research Institute has been esta- 
blished by some interested industries for the purpose 
of co-operating with the >Stale, and a small in- 
stitute for brick and clay research is also planned. 
'I'hore two institutes may be eventually housed in the 
future extensions of the I.V.A. 

Regarding the Commission’s work on liighci 
technical ediicatioii, matters connected with applied 
scientific documentation, such as organization of 
libraries and statistical services, arc receiving close 
attention. 

All these plans given herein have not yet been 
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fully tried out in practice, and more experience will 
be available within a year or two now when- 
the hostilities have ceased. However, as the whole 
idea is characteristic of the rapid dcvelopinent in the 
Keld of research now taking place in Sweden and of 
the desire to establish a close co-operation between 
State and industry in a fair and just basis, it is 


thought that this brief account will not fail to arouse 
interest of research workers iu India as well, as this 
country alsr) is now on the xerge of rapid progress 
wherein engineering dexelopineiit will play a ooii- 
spicuoiis jiart in moulding the iinal patterns of 
industry. 

S. /v. Gliaswala. 


GOVERNMENT RECOGNITION OF THE “NATIONAL 
INSTITUTE OF SCIEfv££S OF INDIA" 


j^CIKNTISTS all over India will be glad at the 
recent Press Coininuni(|ue that the riovernment 
of India has recognized the National Institute of 
vSciences as the premier scientific association in India. 
The story of its foundation may briefly be told : 

The annual meetin.gs of the Indian Science Con- 
gress had been the otily common meeting ground of 
Indian scientists (for over twenty years) prior to 
1034. Hut though it did an enormous amount of 
service in bringing scientists from all i)arts of India 
together, it was a peripatetic body, whose activities 
lasted only for a week, and was transient. It was 
felt, however, that if a senior body of scientists could 
l)e organized having a status and functions similar 
tf) those enjoyed by the Royal Society it would 
materially promote the cause of science in Imlia. 
This point of view was stressed in the presidential 
address of Prof. M. N. Saha in the 21st session of 
the Indian Science Congress held at Hcjinbay in K).>4- 
On his suggestion, the Indian Science Congress ap- 
pointed a C()niniittee of 40 representative scientists 
from all parts of India with Profs. M. X. ySaha and 
S. P. Agharkar as organizing secretaries. This Com- 
mittee, called Academic Committee had a large 
number of sittings which were generally presided 
over by Sir Lewis Permor, F.R.vS. who was then 
Director, (Geological vSurvey and had been an ex- 
Hresident of the Indian vStdence Congress. The 
subsequent course of events were not, lu)wever, 
sniootli, but it is needless to call attention to the 
controversies which raged over this question in 
P) 3 .S. Hut as a revsult of one year’s continuf)US 
deliberations, meetings and conferences and 
compromises, it was agreed that a society of 
senior scientists should be founded under the. 
<lesigiiation, ‘The National Institute of Sciences’, 
with headquarters to be teinj^orarily located at Cal- 
cutta, and all other Indian scientific academies and 
societies agreed to co-oi)erate with this a.ssociation. 


Xatkjn'ai. Institutk (»i* Scikncks oi- Imux 

The National Institute of Scieiice.s (jf India was 
formally founded on the 7lh January 1035, at a 
meeting held in tlie v^eiiate House of llie Calcutta 
University under the chairmanshii» of Dr J. II. 
Hutton, President, Indian vScieiice Congress. 

The purposes for which the National Institute 
\x*as hninded xx ere : - 

(a) The proinoticm of natural knowledge in 
India including its practical application to 
problems of national welfare. 

(/>) To effect co-ordination betxxeeii scientilic 
academies, societies, inslituti<»ns and (lov- 
inent scientific departments and services. 

ic) To act as a body of scientists <»f eminence 
for the in'oinotion and safeguarding of the 
interests of siaentists in India : ami to repre- 
sent internationally the scientific work of 
India. 

((/) To act through properly constituted Naticjiial 
Committees in which other learned academies 
and societies xxill be associated, as the 
National Research Cmincil of India, for 
undertaking such scientific work of national 
and international importance as the Council 
may be called uikmi to perform by the 
public and by ( loverninent. 

(c) To imblish such proceedings, journals, 
memoirs and transactions, and other pub- 
lications as ma>' he found desirable. 

(0 To pronn)te and maintain a liaison l)etxveen 
Science and Letters. 

(g) ^I'o secure and manage funds and endow- 
ments for the iiromotion of Science. 

(h) To do and perform all other acts, matters, 
and things that may assist in, conduce to, 
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or be necessary for the fullilincnt of the 
above-mentioned aims and objects of the 
Institute. ^ 

Meinbersliip consists of^ Ordinary Fellows and 
Honorary Fellows. The Institute started with 124 
Foundation Fellows on its rolls, elected accordini? to 
the scheme i>repared by the Academy Committee. 
An election is held every year for the enrolment of 
new Fellows, by ballot. 26 Ordinary Fellows and 
7 Honorary Fellows were elected in the first year, 
and since then ten Ordinary Fellows and four 
Honorary Fellows are elected annually. Recently, 
the number of fellows to be elected annually has 
l>cen raised to fifteen. The nieniber.ship in December, 
1944, numbered to a little over two hundred. 

The administration and management of the 
affairs of the Institute is entrusted to a Council 
composed of the officers of the Institute — namely a 
President, two Vice-Presidents, a Treasurer, two 
Secretaries, a Foreign Secretary and other Members 
of Council to make up a total of 25. In addition, 
the Royal Asiatic Society of Hengal, the National 
Academy of Sciences, India, Allahabad, and the 
Indian Academy of vSeiences, as co-operating 
Academies, and the Indian Science Congress Asso- 
ciation each nominate an Additional Vice-President 
and one Additional Member of Council from the 
Fellows of the Institute. The Government of India 
nominate a representative on the Council from 
among the h'ellows of the Institute. 

The Institute issues the following publications. 
The Proceedings, of which one volutne is published 
each year, contains (i) Symposia, (2) the shorter 
papers on various scientific subjects read before the 
meetings of the Institute, (3) the President’s Address, 
(4) Minutes of the Annual General Meetings and 
Ordinary General Meetings, (5) Annual Report, and 
(6) other business matters. 

The Institute also publishes Indian Science 
Ahstracls, which consists of an Annotated Biblio- 
graphy of Science in India. 

The office of the National Institute of Sciences 
of India is at present located on the ground floor of 
the premises of the Royal Asiatic Society of Bengal, 
I, Park Street, Calcutta. 

Reviewing the activities of the National In.stitute 
of vSeiences and other scientific .societies in India 
Prof. A. V. Hill makes the following remarks in his 
painjihlet “Scientific Research in India”. 

“The development of scitmee in every country 
depends very much on the familiar a.s.sociation of 
.scientific men in the activities of scientific societies. 
These are the common meeting grounds at which 
ideas are ventilated and criticised, new facts di.s- 
cussed, common policy decided and people get to 
know each other. The progress of science in the 
United Kingdoni has been intimately bound up with 


the development of its many learned societies, start- 
ing with the Royal Society in 1662. 

Wc arc fortunate in Great Britain in having in 
the colleges of the older universities, in some of the 
.senior common rooms of the newer ones, in various 
clubs and in many other such associations a means 
of bringing scientific men and scholars into close and 
familiar contact with one another. There are fewer 
opportunities for .such contacts in India. It is all 
the more important therefore that scientific societies 
should be fostered and encouraged.” 

Scientific societies are of two kinds, general and 
special, wdth memberships drawn respectively from 
the whole of science or from a single branch of it. 
Both kinds have an important part to play in the 
publication of scientific papers and results, and 
through their libraries and collections — in providing 
rcf)ositorics of scientific information. Scarcely less 
important is their influence in making living com- 
munities out of a number of people always critical 
and often highly individualistic. In India where 
so many cau.ses tend at present to separate indivi- 
duals, groui)s and communities from one another a 
.strong common interest in science as a whole, or in 
some branch of it, could have as a bye-product an 
important influence in keeping [)eoplc working sen- 
sibly together. 

The oldest learned society is the Royal Asiatic 
vSociety of Bengal, originally the Asiatick Society, 
which w'as founded by Sir William Jones in Calcutta 
in 17S4. From its activities has sprung by far the 
larger part of subse(|uent scientific activity in India, 
not to mention all its own work for literature, history, 
archaeology and philology. It may be regarded as 
the mother of the Indian vSciencc Congress Associa- 
tion which held its first meeting in IQ14, and the 
grandmother of the National Institute of Sciences of 
India cstablishe-^ in 1935. The Indian Science Con- 
gress Association has taken already a great place in 
Indian .scientific activity : it is the opposite number 
of the Briti.sh A.s.sociation for the Advancement <>f 
.Science. Besides the National Institute of Sciences, 
ivl'U'h is the nearest equivalent in fndfo. of the Royal 
Society, there are two other general scientific 
Academics claiming national seoi)C : 

(«) the United Provinces Academy of Sciences 
fi>undcd in 1930 at Allahabad, which was 
intended primarily to cater for all branches 
of science in Northern India ; it was renamed 
the National Academy of Sciences, India, in 
1936 ; and 

(b) the Indian Academy of Science founded at 
Bangalore in 1934. 

Of these three, the body best suited by const i- 
tution and member.sliip to assume the role of 
national acade^iy of science, such as, the Royal 
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Society (London), the Royal Swedish Academy 
of Science (Stockholm), the Royal Danish Academy 
of Science (Copenhagen), the Academy of Science of 
the U. S. S. R. (Moscow), etc., is the National 
Institute of Sciences of India. It is oddly named 
for such a body but that was due to a coinproniisc 
which was necessary at the time it was founded. 
Its present headquarters are in the rooms of the 
Royal Asiatic vSocicty of lieiigal in Calcutta, but it 
has decided, when possible, to transfer its head- 
quarters to Delhi. It hopes, as time goes on, to take 
over in India more and more of the functions which 
are discharged by national academics of science in 
other countries. 

The National Institute of Sciences was invited 
last winter by the Royal Society to send rej)resen- 
tatives to London for the discussion of such matters 
and to concert joint plans for the co-operation of 
the .scientific societies of India and of the United 
Kingdom. Among i)laiis to be discussed will be 
those for the Imperial Sciciititic Conference to be 
held soon after the war is over, po.ssibly in the sum 
mer of 1945. The time is coming when India will 
be an independent unit of the Briti.sh Common- 
wealth : with science as important as it will be in 
the world of tomorrow it will be essential for Indian 
science as a whole to have .some strong indei)endenl 
national scientific body to represent it both to the 
Government of India and in relation to the science 
of the rest rjf the world. It is hoped, Iherefore, by 
the National Tiislitute of vScicnces that some formal 
rccogntiion may be given to its position by the 
Ooveriimeiit, for example by a Royal Charter such 
as the Royal Society and the British Acadeviy have. 
Few things could do more to stabilize the po.sition 
of science in India, or its relations with science in 
the rest of the Common wealth, than to have a strong 
and effective national academy of science, indepen- 
dent of the Government but recognized by the 
Oovcrninent. 

There are now siiecialisl national societies in 
India in most scientific subjects, c.g. ii; Geology 
(1006), Mathematics (1907), Botany (1921), Chemis- 
try (1924), Physios (1Q34), Soil Science (1934) and 
Physiology (1934). Some of these are of nation-wide 
membership and scojie, others have as yet only 
small menil)crsh.ip and influence. Most of them were 
started by the initiative of scientists in Calcutta, and 
some have not yet been properly supported in other 
parts of India. It is not yet snfiicienlly appreciated 
that the status of a corresponding society, if, for 
example, physiologists throughout India complain of 
die little regard paid to their subject, tlie,v should' 
join and support, and take joint action through the 
Indian Physiological Society. 

All these scientific societies are a product of 
the independent activities and keenness of scientists 
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themselves. They cannot be a direct concern of the 
Government. The Government, however, could 
assist and encourage them in various ways which 
w^ould not dimini.sh their independence. I'or 
example : 

(a) they could be invited to ai)point repre- 
soiit.'itives on goxernmeiit advisory 
committees or boards ; 

ib) they could be invited to institute special 
iiKluiries, to collect information, or to 
advise, on matters of national impor- 
tance ; 

(c) grants could be made to assist their scien- 
tific publications ; these could lie 
allotted hy the Nalioual Institute of 
Sciences as corresponding grants in the 
United Kingdom are by the Royal 
Society ; 

id) a Government Grant-in-aid for vScicntific 
Investigation, and another for Inter- 
national scientific conferences could 
be put at the disv>osal of the National 
Institute of Sciences for distribution, as 
is done by H. M. Government in the 
United Kingdom to the Royal Society ; 

(e) universities and other employers could be 
advised that attendance, with reason- 
able limits, at meetings of scientific 
societies may be regarded as among 
the normal duties of scientific men ; 

(/) financial as.sistance could be given to their 
libraries and innscuiiis, and towards 
the expenses of delegates to meetings 
in India or abroad. 

In this connection, a proposal has been made 
by Sir Henry Tizard that, in lieu of government 
subsidies to air lines, the Government might pur- 
chase a certain mileage of air travel and allot it for 
di.stribution to such bodies as scientific societies. 
This would certainly help to ‘mix scientists up*. 

The expenditure involved in such grants or 
assistance would be small, but would produce an 
effect altogether out of proportion to its extent. It 
would be natural for the National Institute of 
Sciences to take up such matters with the (Govern- 
ment, on behalf of its sister societies. 

Since Prof. Hill’s report was submitted to the 
(jovernment of India we understand that the National 
Institute of Sciences has been in communication 
with the Government of India for the transfer of its 
headquarters to Delhi as is the ca.se with National 
Academics of all countries. It has agreed to remove 
to Delhi on condition, (i) that the Govcrnmeiit 
should provide the National Institute of Sciences 
with a suitable office at Delhi and with suitable 



244 . 


SCIENCE AND CULTURE 


Vol. XI, No. 5 


buildings as early as possible, (2) that it should grant 
the National Institute of Sciences a sum of money 
for defraying the travelling expenses of the mem- 
bers of the Council for three meetings and also 
towards i>ublication of its journals, symposia, etc. 
and for founding a number of national research 
fellowships, (3) that it should give ‘it recognition as 
the premier scientific organization in India. 


The Press Comniuniqu6 indicates probably that the 
Government’ of India has accepted all the conditions. 
It is h(>i)ed that the advice of National Institute of 
Sciences will be sought by the Government of India 
ill all matters of scientific research and organizations, 
and it will play a distinguished role in the public 
life of India such as has been, played by the Royal 
vSocictx' of London in the United Kingdom. 


flotes anb Hews 


SCIENCE IN DENMARK AND NORWAY 

According to a report of the Times, Loudon, 
Professor A. V.jHill recently visited Denmark and 
Norway as a delegate of the Royal vSociety ‘to bear 
its greetings, to present to the academies of the two 
countries copies of all that the Royal Society has 
published since 1940, and to request the academies 
to be instrumental in distributing to scientific workers 
of their respective countries certain sums of money 
from a fund founded, in memory of Sir Horace, 
Darwin, for the purchase of scientific instruments’. 

In Denmark, Prof. Hill was plcasexl to find that 
.science had not suffered as badly as in most countries 
of Europe during Nazi occupation. Up till the 
autumn of 1943, the Germans treated the Danes 
with best behaviour, but since then insi.sted on co- 
operation of the Dani.sli scientists with the Third 
Reich. For lack of this co-operation. Prof. Rehbcrg, 
the zoologist, and many other men of science be- 
came victims of Nazi oppression. The Germans, 
liowever, did not destroy the laboratories, nor did 
they interfere with the research work, and excel- 
lent paj)ers have been i»ublishcd in the Pracccdhi^s 
of the Academy. It appears that the normal 
scientific activities have been restored in Denmark ; 
for they arc now planning to organize next year 
an expedition for marine biological investigation off 
the coast of Africa, for which they have already 
procured a ship and funds. Their chief scientific 
need is hook and journals. 

Norway, on the other hand, had a different talc 
to ' tell. The prc.sident of the academy, Prof. 
Bull, passed three years in a concentration camp. 
The laboratories were stripped of apparatus and the 
departments closed, so that little scientific work 
could be carried out in Norway during the war. The 
extent of disslocation of scientific life suffered there 


will be realized ‘from the fact that Norway is now 
finding it difficult to .start higher .scientific training. 
She is now keen on getting medical instruction under 
way as soon as possible and has made arrangement 
with Denmark and England for the training of 
medical students in those countries. Similar arrange- 
ment for overseas training in other sciences is now 
under consideration. 


FERTILIZER RESOURCES OF THE U.S.S.R. 

An article by Virginia Kinnard in The Forei,iin 
Courier and Weekly, abstracted in The Chemical 
July 28, IQ45, gives a fairly detailed account 
of fertilizer developments in the U. S. vS. R. In 
phosphalic fertilizers, Soviet Russia now occupies a 
leading position in Europe. Her newly discovered 
phosphorite deposits in the Kara-Taii area, descril)e(l 
as one of the 1 idlest of world’s known depf)sits, have 
been e.stimated at more than one billion ions at 
accessible depths. 

Before World War I, idiosphate rock for home 
consumption came in small quantities from the 
mines of Podolia in Ukraine and of Bessarabia. 
Rich deposits of appatitc were latei' di.scovered at 
Khibiny in the Kola peninsula and served as the 
principal source of fertilizer in U. S. S. R. for a 
considerable length of time. 

In 1936, deposits of phosphate rock were dis' 
covered in the Kara-Tau range in the Dzhanihid 
Oblast in vS(^uthem Kazakhstan. The deposits 
extend in a narrow line for more than 60 niik>, 
probably in thick, continuous seams with an average 
thickness of from 33 to 38 feet. A year later this 
was followed by the location of another extensive 
deposits of high-grade stratifited phosphorites in the 
North-Western part of the Kara-Tau range in the 
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basin of the Kok-su and IJclr-Bas rivers. The 
Kok-su deposits contain about 28 to 32 per cent of 
the phosphoric anhydride and has a very low pro- 
portion of iron and aluminium — not more than 2 to 
3’5 per cent. Since then several new deposits have 
been explored in this area, and more than 350 
deposits, divided into 45 separate mining sections, 
are now known to exist, with an estimated reserve 
exceeding one billion tons. 

Such intensive search for deposits of phosphalic 
rocks and other chemical fertilizers followed the 
reorganization of vSoviet agriculture on modern 
scientific basis. Need for increasing Jirtificially the 
fertility of highly im])f)vcrished soils and for bring- 
ing more land under the plo\igh to sui)port a growing 
population on a better standard of living created 
an unprecedented demand for chemical fertilizers. 
It is rejKjrted that in 1928 vSoviet Union consumed 
.^00,300 tons of chemical fertilizers, 67^,800 Ions in 
1 930 , ' and about 1,139, 300 tons i 11 1 93 2 . Consump- 
tion of phosidiate rock increased from 7,000 tons in 
1925 to more than 1,000,000 tons in 1938. The con- 
sum])tion figures, in metric tons, for nitrates, siti>er- 
j)hosphates, ground phosphate rock, and potash salts 
in 1913 and in 1936 were as follows : nitrates — 
20,000, 477,000; superphosphates -230,000, t ,48 i , o < m ); 
ground phosphate rock — 9,000, 577,000 ; and potash 
salts — 25,000, 445,000. vSuch increased u.se of ferti- 
lizers has resulted in a much higher yield of crops. 
Thus yield of cotton has increased by more than 
350 per cent and that of grain from 50 to 70 per cent. 
Apart from greatly i^romoting agricultural economy 
in the vSoviet Union, fertilizer developments have led 
to the establishment of a number of important chemi- 
cal industries of inestimable value in a programme of 
nation-wide regeneration. 


DELEGATION OF INDIAN CHEMICAL 
MANUFACTURERS 

A delegation of Indian Chemical Manufacturers 
and experts, headed by Dr K. A. Hamied, is pro- 
ceeding to U. k. and U. vS, A. on behalf of the 
Indian Chemical Manufacturers* Association. The 
delegation is non-official in character like the Indus- 
trial Delegation which has just returned. It will 
study the development of the chemical industries in 
those countries during the last decade and also the 
working of the scientific industrial research institu- 
tions. The Association has in view the cstablish- 
11 lent ill this country of a first-cla.ss re.scarch 
‘>iganization for the benefit of the chemical 
industry on the basis of the delegation’s new expe- 
lience in U. K. and U. S. A. Another purpose is 
to explore the possibilities of a healthy co-operation 
between chemical and pharmaceutical industries in 


India and of the countries it has now proceeded to 
visit. In a statement to the Press on the eve of 
departure of the dclcgati()n. Dr Hainicd expressed 
his optimism with regard to this eo-operation in the 
following words, ^‘I feel that a spirit of co-operation 
between India’s chemical industries and the chemical 
manufacturers and scientific workers in the highly 
industrialized ccnintries like the U. K. and the 
U. S. A. can greatly cotilribiUe in the future deve- 
lopment of chemical industries in this country.” 
Rightly so. Hut will tliis co-oiicration be forth- 
coming? We have great doubts whether the U. K. 
and the U. S. A. have any intention to contribute 
to ‘the future development of chemical indu.stries 
in this country*. 


ROYAL INSTITUTE OF SCIENCE 

'I'liK Royal Institute of vScieiice, Bombay, will 
be celebrating its Silver Jubilee in the third week of 
November this year. His Excellency the Governor 
of Bombav' will inaugurate the celebrations on 
November 15, 1945, which will continue up to 
November 22. 

The Institute of Science was formally opened 
on March 27, 1924- Hs foundation was, however, 
laid several years ago by vSir George Clarke, later 
known as Lord Sydenham, on Ai>ril 5, igri. During 
the visit to India of His Majc.sly the King Emperor, 
the Institute received royal recognition and came to 
be known as the ‘Royal Institute of Science*. The 
actual teaching work was started in 1920. 

The Institute is a Government inslitution under 
the Control of the Director of Public Instructions. 
It 'is affiliated to the Bombay University for B.Sc., 
M.Sc. and Ph.D. teaching and is assisted by an 
Advisory Committee consisting of the Vice-Chancel- 
lor of the Bombay Univer.sity, representatives of the 
University, industry and colleges, donors, and no- 
minees of Government. 

The policy of the Institute is (7) to interest the 
public in science, (ii) to teach science to the under- 
graduates, and {in) to provide facilities for research 
to the staff and post-graduate students of the Insti- 
tute, and to Ollier workers not directly connected 
with the In.stitute. It also co-operates with other 
scientific institutions engaged in research work and 
assists industry by elucidating their immediate and 
long-range problems. These aims are achieved with 
the a.ssistaiice of the staff and students of the Insti- 
tute, and with the co-operation of some of the dis- 
tinguished scientists in Bombay who arc appointed 
as Honorary Professors at the Institute. These men 
have been the Directors of the Meteorological Obser- 
vatory at Colaba, the Industrial Chemists to the 
Government of Bombay, the Director of Fisheries 
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to the Ciov'emiiiciit of IJoinbay, and the Chief Assayer 
at H. M.’s Mint, Bombay. 

The institute jjriniarily aims at research in 
mathematics, physics, chemistry, botany and zooloijy. 
vSome of the investigations tackled in the Institute 
are the inaiuifacturc of potassium chloride and bro- 
mine from sea-bitterns, magnesium carl)oiiate, stron- 
tium carbonate, potassium chlorate, hydrogen 
l>eroxide, gelatin, potash from food-ashes, extra-])Ure 
and analytical-tpiality chemicals, titania from bau- 
xite-sludge, clilf)ramine-T, saccharine, iihotographic 
sensitive materials, etc. P'or these investigations, 
the Institute has received research studentships and 
other financial assislancc from t>ersoiis connected with 
Industry, University, the Council of vScientific and 
Industrial Research, the Imperial Council of Agri- 
cult iiral Research, etc. 

The Institute possesses a good library of 
scientific literature. For the education of the public 
in scientific matters, the Institute organizes science 
exhibitions and popular scientific lectures. 


SERGEI VAVILOV: NEW PRESIDENT OF THE 
U.S.S.R. ACADEMY OF SCIENCES 

We have much pleasure to inform our readers 
that Academician Sergei Vavilov was elected the 
new President of the Academy of Sciences of the 
U. S. S. R. on July 17, 1945 succession to Acade- 
mician Vladimir Komarov. 

Born in Mo.scovv in 1891, Vavilov graduated 
from Moscow University in 1914. He began his re- 
search work, while still a student, under the guidance 
of the famous Russian physicist, Uebedev. In pro- 
test against the reactionary policy of Kasso, the 
Tsar’s Minister of Education, Vavilov refused to 
continue his studies at the University, to i)rq'»are 
himself for a teaching career. According to the law 
of that time, he was therefore called to the colours. 
In iQitS he began teaching, first as assistant pro- 
fessor of physics at the Moscow Higher Technical 
School, and since 1920 as professor. At the same 
lime he lectured at the Moscow University. In 1930 
the Academy of Sciences elected Vavilov a corre- 
sponding member, and in 1932 a full member. He 
converted the i)hysics laboratory of the Academy of 
Sciences into the Institute of PhyvSics, which was 
named after Uebedev. Since 1932 he has been the 
director of this Institute. From that time he has 
also been deputy director of the State Institute of 
Optics, in charge of research work. 

Vavilov is recognized as one of the most pro- 
minent physicists in the Soviet Union. His work 
is mainly devoted to the problems of optics, more 
especially to luminescence and fluorescence. He has 
investigated the basic features of luminescence 


which, before his studies, were chiefly known cm- 
l)irically. He studied the phenomenon of elimina- 
tion of the luminescence of solutions by different 
admixtures and has formulated a theory of this 
phenomenon based on the resonance interaction of 
molecules. These studies led him to the further 
development of the new sensitive method of 
analyzing substances, the so-callcd “luminescent 
analysis”, which is now being applied on an ever 
wider scale in medicine, geology and industrial 
l)roduction. 

Vavilov has developed a new source of cold light 
by converting ultra-violet radiation arising during 
gas discharge ni mercury vapours into a visible light 
by means of covering lamp Imlbs with luinino])hores. 
The technology of i)roduction of such gas-filled lamps 
covered with luminescent compounds was worked 
out under his guidance. Such lamps are three to 
four times more economical than incandescent 
lamps and give radiation similar to daylight. 

Vavilov also founded a new branch of physical 
optics - the vi.sual method of observing qnantuin 
fluctuations of light. He proi)oscd and put into 
practice the daring idea of studying fluctuation of 
light cnerg}' by means of direct visual perception, 
making use of the exceptionally high sensitivity of 
the human eye. On the basis of immense experi- 
mental data, Vavilov has proved the quantum inter- 
mittent character of radiation and light absorption. 
He has alvSo established new laws of physiological 
optics. 

Vavilov is the author of many important studies 
in other branches of physical optics, among which 
especially noteworthy is his discovery and investi- 
gation (together with his dLsciple Cherc'iikov) of a 
new fundamental ])heiiomenoii — luminosity of a spe- 
cial type which arises in some media when electrons 
move within them at a si)eed surpassing that of light 
in the same media. Under his diret'iion a number 
of special oi)tical devices have been designed at tlie 
Slate InstiUUc of Optics for military needs, as well 
as for industrial glass manufacture. 

Vavilov has translated Newton’s studies in 
optics from Ualiii into Russian ; his historical 
commentary on Newton’s w^ork is widely known in 
scientific circles. In addition, he has published a 
tiumber of papers devoted to the materialistic founda- 
tion of modern physics as well as several popular 
books on physics. For many years he has edited 
the physics section of the Great vSoviet Encyclo- 
paedia, directed the publishing of a series of popular 
scientific books of the Acadamy, and edited works 
on the history of the natural sciences. Much of his 
time is spent in helping to train young scientists at 
Soviet research institutes and at the Moscow 
University. 
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Besides his scientific work, Vavilov takes an 
active part in public life. For a number of years he 
was a member of the Leningrad Soviet and at pre- 
sent is a Deputy from beniuKrad City lo the Supreme 
Soviet of the Russian Federation. During the war 
Vavilov did most important work in solving' impor- 
tant defence problems, esi)ecially in dcsip^uiiift com- 
plex optical instruments for the Red Army, Air 
Force and Navy. He was awarded two Orders of 
Lenin and the Order of the Red Banner of Labour, 
and won a Stalin Brize for his studies in physical 
optics. 

BIOLOGISTS AND REHABILITATION 

A i»r,KA for an ‘international co-operation in 
science*, the re-establislinient of international rela- 
tions in science and humanities with the present 
enemy countries and the role of botanists and bio- 
logists in the post-war world was put forward in a 
paper entitled “The plant scientist in world’s turmoil” 
communicated by Dr Frans Verdoorn (of Arnold 
Arboretum and Kditor, Chronica Bolanica) to the 
.symposium on “Biologists and Rehabilitation” held 
under the joint auspices of the Botanical Society of 
America and the American Association for the 
Advancement of Science at Cleveland, Ohio on Sep- 
tember 13, 1944. 

The aim of such an international organization 
would be : First, the exchange of information (scien- 
tific, profe.ssional and practical) in such a way that it 
will be available to anyone who can profit by it. 
Secondly, the attainment of objectives which indi- 
viduals or scientists of a single institution or nation 
cannot accomplish. These may be either in pure or 
applied scientific research or they may be co-opera- 
tive scientific or practical publications. Thirdly, 
the forming of an “espirit de corps” which may 
counteract the evils of human international politics 
and contribute towards the establishment of a com- 
monwealth of nations. 

These aims and objects can be attained (i) by the 
oldest and most important form — the publication of 
original re.search, in wdiich every scientist takes part, 
uninterrupted even by war, every time he has an arti- 
cle or a book published, (2) by abstracting journals, 
international as well as regional, (3) by international 
congres.ses and meetings, and (4), by international 
societies or commission, responsible for the organiza- 
tion of international co-operative research. In biology 
most research is individual or at most institutional ; 
whereas in other fields of science, e,g., astronomy 
and geodetics, research has developed markedly along 
lines of direct co-operation, national and international. 
1 ‘iie to lack of interest of many foremost bio- 
logists in international relation.^ work, research 


in biology will remain individual. But, there are 
man}'' .scientific and applied scientific problems which 
could be better and easily solved by some form of 
international co-operation. I'or example, in taxo- 
nomy, some kind of concentrated attack is required 
for the terrible status of exotic cryptogamic botany ; 
in pathology, an international basis of the methods 
of disease control is greatly needed ; in horticulture, 
the results of the use of the hormones in i)ropaga- 
tion .should be made inlernaliotial as has been recom- 
mended by the International Horticultural Congress. 
Moreover, in botanical and zoological 'nomencla- 
ture, there is necessity for unification of terminology, 
colour codification, etc., and this can be attained by 
international .societies. vSucli work as has been 
initiated by International Association of Wood Ana- 
tomists could be done in many f)tlier lields. Tlie work 
of ’ reconslriictioii of herbaria and botanic gardens 
destroyed by war is also of an international 
character. Unification of various kinds of informa- 
tion and intelligence (either in original form or in 
abstracts) is also highly .stinmlaling and of direct 
use for the re.searcli worker. vSiich work includes 
address books containing a list of research workers 
with a census of current research, indexes of various 
kinds, the Index J ferbariorum, pnldications, 

which bring together various kinds of information 
and intelligence, discu.ssions, notes, news, etc. 
Chronica Bolanica should become the official pro- 
fe.s.sional organ of an international .society and in- 
dividuals who cannot give indefinitely the necessary 
time and money should not undertake such i)ub- 
lication work. International co-oj)eration would also 
he required for a new complete guide to the 
literature of the plant sciences ; semi-scientific 
publications like the Index Kewensis, Index LondB 
nensis, and the proposed Index liotanicorum should 
be an inleriiational effort. 

None of these in itself is very imiuntant but, 
taken together, they are helpful and inspiring and 
well worth the effort. 

Speaking of the re-establishment of relations with 
the newly crushed Fasci.st countries, especially with 
Oermany, Dr Verdoorn said, “It is the .scientists* duty 
to the world, lo re-establish relations with enemy 
colleagues both individually and through meetings, 
congresses, and international commissions, in all 
fields to the fullest possible degree and as soon as 
circumstances permit. We must do this whatever 
practical comniaiids for dealing with Uennany, Oer- 
nian si)lit vSlates, etc. may be, in order that the 
German scientist will not go “uiulergroniid”. The 
world of science needs him, but the world at large 
needs him still more. The mistakes made after the 
last war w^heii ino.st international co-operation in 
science was started in France, more by politicians 
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than by scientists, and restricted to Allied and neutral 
countries, must not be repeated, even though we 
know that some of our enemy colleagues will use 
purely scientific co-operatitm for other puriKises.** 

Referring to agriculture in the post-war world 
a fresh outlook is emphasized by (i) improved nutri- 
tion for Imman beings, (2) methods of breeding and 
the use of substances that regulate growth, (3) world 
exploration to obtain and maintain material for breed- 
ing i>urposes, (4) the changed fertilizer situation, 
(3) utilization of waste and by-iiroducts and (6) pro- 
blems of insect and disease control. To these it is 
proposed to add a closer relation between science and 
government and we might call this borderland ‘bio- 
politics’, which will recall a related field of research 
‘geopolitics’, developed by and first used in the Axis 
countries. Biopolitics and Geopolitics may be the 
ways along whicli scientists will find it possible to 
reach those groups which they hitherto failed to in- 
fluence. 

Want of international co-operation, led to the 
extinction of the international association of botanists, 
so enlhiisiastically started before the war (1914-18), 
by Scott, (iocbel, Von Wettstein, Trelease and many 
others. In the present war, the biologists, c.g., 
botanists, agronomists, zoologists, entomologists, psy- 
chologists, and bacteriologists have contributed in 
larger numbers and in more intensive ways to the 
war effort, than in any previous war. 

Men of science form the only group in society 
which knows that the concepts and ideas by which 
politicians and the accepted organizers of human rela- 
tions arc guided are mostly wrong, based on iiiis- 
concei)ts, old superstitions and false intuitions, yet 
they have left not only the administration of but also 
most of the study of administration of human life and 
world affairs, in the hands of people who are not very 
appreciative of what a century of progress in the 
science of life has achieved. Therefore, we scientists 
are more truly responsible for the chaos of today than 
any other part of the society. 

The resources, strength and endurance of the 
allied countries have brought the war to an end, and 
the men of science arc once again in a very favour- 
able position, as he will remain free in the post-war 
world, not in all but in much more than half of the 
Allied territory. How will he use this freedom of 
thought and action? 

Better knowledge of and better training in bio- 
logy might well revolutionize the citizen’s attitude 
towards essential problems of life and human rela- 
tionships. (Nature, 1^4 : 595 - 599 , I 944 )- 

IRRIGATION AND FOOD PRODUCTION IN INDIA . 

Sir Wimjam Stampk, Irrigation Adviser to the 
Government of India, addressing the East India 


Association in London, recently said that, scienti- 
fically viewed, India had little or no need to fear 
the vagaries of weather. He observed, “As one flies 
over these arid areas of India, one cannot but wonder 
why millions of tons of horse-power in the hills 
above should crash to waste yearly within sight of 
toiling peasants, beneath w'hose feet millions of tons 
of water sweep silently through sands to the seas’*. 
He believes that ‘onc-third of the additional quan- 
tities of focxl required for a yearly increase of 5,000,000 
in the j)ojnilatioi) and to raise the nutrition standard 
of 150,000,000 under-fed i)eoplc could be procured 
by improved agricultural methods, leaving two- 
thirds to he obtained from expanded irrigation*. 

. To secure adequate food grains, an immediate 
increase of 12,000,000 acres in the cropficd area is 
necessary, with the addition of 2,000,000 acres every 
year, to offset the ri.se in population. Sir William 
lielieves that the whole of alluvial India can be 
rendered fertile if exploitation of the hidden water 
resources of the Ganges plain (the ‘lost river 
Saraswati of Hindu mythology), throngh the simul- 
taneous expan.sion of widespread hydro-electric i)()\ver 
and the develoimient of irrigation by iminping such 
as has been recently shown in the United Provinces, 
is carried out. 

It is estimated tlial at least one to two million 
acres could be added annually to the alluvial areas 
in Northern India, and there is room for 60 to 70 
million additional acres of irrigable land in India 
during the next 10 to 15 years. 

Attemi)ts to investigate sub-soil reservoirs is now 
being carried on in conjunction with the Geological 
Survey of India. Appraisal of available water re- 
sources and their possible development will be one 
of the most important functions of the activities of 
the expanded Geological Survey of India. 

EXPANSION IN THE GEOLOGICAL SURVEY OF INDIA 

Wk have already reported on Government plans 
for extensive exploration of India’s mineral and 
water resources, which is indispensable for the suc- 
cessful execution of the i)ost-war plans for industrial 
and economic development. The scheme involves 
expansion of the scope of the Geological Survey of 
India and will cover («) preparation of geological 
maps, (6) economic geology, (c) engineering geology 
and water supply, (d) geophysical work, and (e) dis- 
semination of information. 

To give effect to the scheme, the cadre of the 
geological officers, hardly exceeding 30 during pre- 
war days, wdll be raised to 125 as soon as possible. 
As an immediate stci), additional staff of geologist 
has been sanctioned, bringing the cadre .strength t 
q 6. Thi.s will involve an increase in expenditun 
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on geological surveying to about Rs. 25 lakhs in 
five years. The present annual expenditure on 
geological survey is about Rs. 6 lakhs. 

As a contrast to this, it is reported that Russia 
spent Rs. 50 crores on geological survey in 1936 and 
employed over 5,000 geologists for the purpose. 
Britain, a very small and a geologically well-explored 
area, spent Rs. q lakhs a year before the war, where 
the activities of State-employed geologists were sup- 
plemented by much valuable work carried out by the 
universities and mining companies. 

Geologically, India is as yet little known ; about 
a tenth of its area of 1,547,679 sq. miles having been 
mapped. It is estimated that, on the basis of an 
average survey of 350 sq. miles by one geologist, 
about 200 geologists would ])e required to complete 
the geological majiping of India, on the standard 
scale, in 15 years. 

Plans for the expansion of laboratories, library, 
museum, drawing office, chemical, mineralogical, 
petrological and paleontological work are being pre- 
l>ared, consistent with the increased field activities. 

The universities in India, wcirking under many 
handicajis, have carried out considerable geological 
field work in recent years, and we would like to 
point out that a closer co-operation of the Geological 
Survey' with the universities and other non-official 
academic bodies will considerably lielp the progress 
of field u'ork in Geology. 

In its earlier days, the Geological Survey of 
India had on its staff eminent i)alcobotanists, and 
invertebrate and vertebrate j)aleoiitoli>gists, who laid 
the foundation of Indian geology. Unfortunately, 
the study of fossils is now utterly neglected by the 
vSurvey. 'fhe universities are, however, best suited 
for paleontological investigations, and if the Survey 
is unable to undertake such investigations in future, 
adequate facilities should be created in universities 
for such studies. 

Bl-CENTENARY OF SIR WILLIAM JONES 

Thk bi-centenary of the birth of Sir William 
Jones, founder of the Royal Asiatic Society of 
Bengal, which falls in January, 1946, will be cele- 
brated in Calcutta. The Bi-centciiary Committee 
has decided to celebrate the occasii>n with a number 
of .si)ecial publications, viz,, (1) a new series of 
monographs that would include ‘Ashvaghosha’ by 
Dr B. C. Law, ‘Inscription of Camboja* by Dr R. 
C. Majumdar follow'ed by ‘Kols of Central India’ by 
Dr Griffiths, ‘Upper Atmosphere’ by Prof. S. K. 


Mitra and others, (2) a commemoration volume con- 
taining articles on Indian history and culture (ancient 
and medieval i>eriods), Islamic culture and litera- 
ture, Indian vernaculars, Indian history (modern 
period) and })rogress of scientific studies in India, 
to be prepared in collaboration with eminent scholars 
and edited by vSir Jadunath Sarkar and Dr R. C. 
Majumdar, and (3) an annotated edition of Kalidas’s 
Sakuntala, with the Knglish translation of Sir William 
Jones, and a life sketch, cultural activities and full 
bibliograi)h\' of the latter’s writings, to be prepared 
by Dr Kalidas Nag. 

NOBEL PRIZE FOR PENICILLIN 

Renter has just flashed the news of the award 
of this year’s Nobel Prize in medicine to vSir 
Alexander Fleming of the London University, and 
to Dr Krnest Boris Chaim and vSir Howard Walter 
Florey of Oxford University in recognition of their 
contributons to the discovery of penicilliTi and of its 
therapeutic applications. Thy c.xi)eclation that a 
Nobel award will go to the discoverers of penicillin, 
the wonder drug, was largely held throughout the 
world ever since the announcement of the remark- 
able bactericidal action of the drug. 

Sir Alexander Fleming, Professor of Bacteriology 
in the Ibiiversity of I/ondon and vSt. Mary’s Hospital 
Medical vSehool, discovered penicillin almost by acci- 
dent in T92S and used it for the isolation of microbes. 
vSir Howard Florey separated the theraiWutic peni- 
cillin, now used on human beings. Dr Chaim was 
one of his team -collaborators who worked on ]»eni- 
cillin at the Oxford School of Pathology. 

NOBEL PRIZE FOR URANIUM FISSION 

l'nK Nobel Prize in Physics has been awarded to 
Dr Otto Hahn, the discoverer of •Uranium Fission 
which is the cardinal lainciple of the atomic bomb. 
Born on March 8, 1879, Hahn started life as a young 
organic chemist in an industrial concern and later 
developed an interCvSt in radio-activity. He worked 
with, the British scientists Ramsay, Soddy and 
Rutherford. In 1Q12, he became director of the 
radio-active section of the Kaiser Wilhelm Institute 
at Berlin-Dahlem. His famous work which led to 
the discovery of the uranium fission is now known 
throughout the world over and has appeared in al- 
most every scientific paper, technical or poiiular. He 
is also the discoverer of mesothorium and radio- 
thorium. According to a recent newspaper report. 
Prof. Hahn is now in the U. S. A, 
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FOOD YEAST 

Thk serious sliorla^tie of animal protein in most 
of the countries of the world as a direct consequence 
of the war has stimulated widespread interest in the 
possibility of iisiiiR yeast protein for human consump- 
tion. In an earlier issue of this journal, we reported 
the ('.overnmeiit decision to construct a food yeast 
l»lant in India. Recently, in a paper read before the 
Royal Society of Arts, Dr A. C. Thayseii of the 
D.S.I.R. described the story of the development of 
food yeast in Oermany, 1 1 . vS. A., Kn^^land and her 
colonies. 

The nutritive value of certain niicro-organisms 
is, however, no new knowledge. Long before the 
results of the present large-scale exi)eriments on the 
nutritive value of yeast were availal)lc, people fre- 
quently used micro-organisms in the preparation of 
bread, beer, cheese, .soya sauce and certain milk 
preparations. The beer used in the early middle 
ages contained an appreciable i)ercentage of the yeast. 
In tropical and sub-tropical countries, the people 
eon.sumed large quantities of yeast through the coun- 
try made beverages. Modern refined methods of beer 
making, which have replaced the older crude 
practices, have deprived the consumer of a valuable 
source of protein and R vitamins. 

The recrudescence of interest in the nutritive 
value of yeast towards the end of the igth century 
followed the economic problem of di.s])osal of the 
surplus brewers’ yeast in Kurot)e and America. 
Chemical analysis then undertaken revealed the high 
protein content, as much as 50 per cent, of dried 
yeast, and successful attempts were made to utilize 
it as cattle feed and as a source of protein in iiatients 
suffering from inflammatory conditions. 

In the World War I, .shortage of iiroteiii con- 
centrates for stock-feeding led the German workers 
to further investigate the subject with a view to 
devising some method of large-scale utilization of the 
brewers* yeast. Following the work of Pasteur and 
Duchiux, they devised a method of producing a 
certain type of yeast from inorganic nitrogen, pro- 
vided sugar uas supplied either in the form of 
molasses or any other, cheap form, but did not attempt 
large-scale jiroduction due probably to shortage of 
sugar.. 

. The inter war period witnessed great interest in 
the dietetic value of micro-organisms with special 
reference to their protein and vitamin contents. 
Particular mention may be made of the w^ork of 
Osborne and Mendel in 1919 and of Macrae and his 


collaborators in 1942 in the U. S. A. The nutri- 
tional level of a diet containing only maize protein 
of low dietetic value was found to rise to a much 
higher value, when yeast protein was added to it 
in .small iiuantities. Some micro-organisms can very 
rapidly .synthesize protein and water-soluble B 
vitamins from inorganic materials in the presence 
of adequate supply of energy in the form of sugar 
and starch and hence constitute the nuxst potent 
source of these nutritional requirements. It is esti- 
mated that 245 tons of protein can be synthesized 
from half a ton of living yeast in 24 hours. 

The su])])ly of sugar in abundant ciuantities, 
Dr Thayseii pointed out, constituted the bottle-neck 
in the large-scale production of food yeast while the 
war was in progress. One ton of food yeast requires, 
for its production, 17 tons of sugar or its cipii valent 
in starch. Normally sugar-producing countries should 
not have any difficulty regarding the needed sup|)Iy 
of sugar in the form of molasses of waste sugar or 
starch in the form of rotten bananas and citrous fruit 
or ajiples, .surplus maize or other grains, waste 
potatoes, etc. vSome parts of the British Empire, 
such as the West Indies, the African colonics, the 
Middle East, India, Canada and Newfoundland, were 
more favourably placed with regard to the supplv of 
cheap carbohydrates. A food yeast ])lanl, with a 
daily output of 12 tons, is near completion in 
Jamaica, and the Governments of India, vSouth Africa, 
Australia, and New Zealand are planning to erect 
similar plants in the near future. 

Food yeast would be available at a price within 
the means of everybody. One innind 'of the jiroduct 
would not cost more than a shilling and would 
.supply a person with 45 days re^iuirement for addi- 
tional high grade proteins and vitamin-B con- 
cenlratcs. 

The extensive need for food yeast after the war 
when animal jirotein will be available in sufficient 
(luantity has been questioned by some nutrition 
experts who have refused to give it any more impor- 
tance than a temporary war-time measure. I'liev 
advocate a complete return to animal protein and 
suggest an increase in the purchasing power of the 
l)oorer . sections of the community, now inevented 
from consuming animal protein in their diet. 
Although a happier solution, it involves a bigger 
economic issue. There is little prospect of a ver\ 
large percentage of the world population being able 
to afford costly animal protein in the imniediati* 
future, and it stands to reason that food yeast will 
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be welcomed as a potent source of protein and 
vitamin for many years to come. 

ALCOHOL AND FUEL FROM SULPHITE LIQUOR 

A NKW process of obtaining butyl alcohol and 
fuel from waste sulphite liquor (The Chemical Age, 
August 25, 1945), recently developed in the U. S. A., 
is stated to have greatly relieved the pulp industry 
of its vexed problem of disposal of the waste sulphite 
liquor. Waste vSulphite licpior contains about 2 per 
cent of fermentable sugar from which to pnKlnce 
butyl alcohol, an essential ingredient of the plastics 
and other industries. The process will make avail- 
able 22-23 lb. of butyl alcohol, 10-12 lb. of acetone 
and about 3 lb. of ethyl alcohol from too lb. of this 
sugar. 

Production of butyl alcohol in (pianlity from 
sulphite liquor re(iuires the presence of certain growth 
promoting factors, including biotin, another un- 
identified factor, and perhaps some vitamin. Older 
methods of producing alcohol from sulphite liquor 
all employed mola.sses as a supidicr of this growth 
factor and were too expensive to lend themselves to 
large-scale production. The new method has dis- 
pensed with molasses, and yeast is produced without 
it ; this has reduced the cost to a level at wltich 
large-scale production of butyl alcohol from the waste 
liquor will be economic. 

A new type of fuel api)earing somewhat like 
coke and rated as having about 6,000 B.t.u. per lb. 
is another important by-product from the sulphite 
liquor. It is precipitated in the first stages of the 
process as a very heavily insoluble substance which 
forms crystals on drying. Its fuel efficiency com- 
pares very favourably with 5,000 to S,ooo B.t.u. in 
wood and about 12,000 in coal. The new fuel burns 
like coal, giving off undesirable sulphurous odour. 
Recovery of this fuel would make available about 
75 per cent of the fuel requirement of the pulp mill 
digesters for the production of the pulp and the 
liquor. 

The method further ensures large quantities of 
chemically pure yeast, high in nutritional value and 
vitamin content, which may be used in home, by 
commercial bakers, and as fodder for livestock, 

POWDER METALLURGY 

Powder metallurgy as a distinct metallurgical 
process has been known and practised from very 
early times. But several technical difficultie.s and 
limitations long prevented it from attaining any 
practical importance, although its certain advantages 
ill several directions over such time-honoured pro- 
cesses as forging, casting, machining, etc. were 
never overlooked. During recent years, however, 

6 


the technology of powder metallurgy has made such 
rapid strides that it is fast developing into an impor- 
tant industry by itself, with widespread applicability 
and growing prominence. It is not undue optimism 
to expect powder metallurgy to become in future an 
important industry for making machine parts, of 
which forging, casting, or machine tool and such 
other established industries may well be apprehensive. 

An article in a recent issue of Scientific American 
describes the special advantages of powder metal- 
lurgy as a method for manufacturing machine parts 
for .specific uses. Its apj)lication still lies in the 
production of special machine parts which are either 
difficult in, or cannot be .satisfactorily made by, other 
processes. Such ‘.speciality* applications include 
materials or i)arts of controlled porosity, as in the 
porous or self-lubricating bearing and filters or 
.screens ; solid metals such as tungsten or tantalum 
products whose high melting points do not permit 
of the u.se of ordinary melting and casting practices ; 
mixtures like non-alloyablc combinations like copper 
and lead for copper-lead bearings, or tungsten carbide 
and cobalt for carbide tools ; production of refrac- 
tory metal parts for electronic tube service, magnetic 
cores for radio and teleiihonc use, where absolute 
purity of the material is indispensable ; Alnico 
magnets, etc. 

The process of powder metallurgy proceeds 
through simple stages. Metal powders of desired 
particle size are placed in a mould and comi)ressed 
in a mechanical or hydraulic press. A previous treat- 
ment ill a blending machine is necessary in the case 
of metal parts involving the u.se of more than one 
inetal or particle size distribution. The selection 
of the powders of proper purity, size, size distribu* 
tion, flow characteristics, etc. plays an important 
part in determining the quality and mechanical pro- 
perties of the final product. Want of correct particle 
size distribution, for instance, leads to poor packing, 
undesirable density and porosity, and consecjuently 
poor mechanical properties of the finished part. 

The solid parts from the press, commonly known 
as ‘green* briquettes, are then subjected to a sinter- 
ing operation consisting in heating the parts to a 
.suitable temperature in vacuum or in an inert or 
reducing atmosphere. The sintering temperature is 
usually much less than two-thirds of the melting 
point of the metal, although in certain cases it may 
approach the very melting point itself. Through this 
operation, the parts are consolidated and strengthened. 
The process, however, brings about undesirable but 
unavoidable dimensional changes and, therefore, 
necessitates a final sizing operation. 

The final strength and size of the finished parts 
depend pn the strength of the press. Great improve- 
ment in the design and efficiency of modem 
mechanical and hydraulic press has now virtually 
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removed these two serious limitations of pow^der 
metallurgy. 

Is powder metallurgy economic and can it stand 
competition with other methods now widely practised ? 
The high cost of metal powders (20 cents or about 
As. a pound for standard grade of copper ; 

from 10 cents to one dollar a pound for various 
grades of iron powder) and dies, requirement for com- 
plicated machineries and relatively low mechanical 
strength of powder products may ai)pear to militate 
against its widespread use. But its several advantages 
more than compensate for the relatively high cost of 
pow'der metallurgy products. We have already 
referred to its special applications in the making of 
quality parts. It is a much faster process than all 
others in vague ; it can turn out parts at the rate 
of 1600 per hour or even 500 per minute. Unlike 
processes involving machining, casting sprues, forg- 
ing flash, etc., powder irietallurgy is particularly 
free from material waste. In large-scale production 
of parts, powder metallurgy has already proved 
economic. Despite its great progress and increasing 
application, it is .still regarded as a special metal- 
lurgical method suited to certain specific jjiirposes. 

SOVIET EXPERIMENTS ON PLANT HYBRIDIZATION 

A. WKCHSiyER, Secretary, Soviet Coniiiiittce on 
Plant Researches, gives a brief account of how the 
nature of certain familiar and cultivated plants is being 
radically changed by vSoviet scientists who are cross- 
ing them with wild varietie.s. Professor N. Tsitsiii, 
for example, has crossed cultivated wheat w ith couch 
grass. His experiments have given rise to entirely 
new varieties of winter and summer wdicat. 'fhese 
new hybrids are impervious to fungus diseases. The 
grain has no tendency to fall from the ear ; it mills 
well, and produces excellent bread. The plant does 
not drool), and the yield is two to two-and-a-half tons 
an acre*. Some of T.sitsin^s wdieat/ couch -grass hy- 
brids withstand the .severe vSiberian winters. Others 
arc perennial varieties that .stand up w’ell to drought, 
saline soil and fungus diseases ; one type has pro- 
duced tw'o crops annually for several years running 
in the .southern regions of Central Asia. 

More recently, T.sitsin has developed a promis- 
ing variety of perennial rye by cro.ssing rye with 
couch grass. 

The crossing of wheat wdth wild-growing 
varieties of elinius {giganteus and arenarius), which 
is impervious to heat, cold and drought, opens up 
entirely new prospects for the semi-desert regions of 
the Soviet Union. 

A. Krasniuk has crossed cultivated rye with a 
wild-growing grain plant to produce a hyl^rid that 
ia biologically adapted to conditions of drought and 
and yields a good harvest in* poor soils and 


bad climates. Moreover, this hybrid serves as u 
perennial fodder crop. 

A. E. Derzhavin has produced a perennial wheat, 
yielding both grain and hay, by crossing cultivated 
wheat with wdld -growing perennial rye. The wheat- 
rye hybrids are impervious to fungus diseases. 
Derzhavin has provided Soviet farmers with another 
useful hybrid w’hich grows profusely in scnii-arid, 
sandy solid, producing fresh, succulent fodder when 
the pastures are dried up. This he did by crossing 
cultivated annual sorghum wdth w'ild perennial 
sorghum. 

A. Yablokov, working in another field, has 
cros.sed the a.spen and the Turkestan pyramidal 
poplar. The result is the pyramidal aspen, with all 
the advantages but w'ithoul the draw’backs of the 
|)arent trees. The aspen provides good wood for 
building, and for making matches, plyw'ood and 
cellulose ; but it grows slowly, and suffers badly 
from heart rot. The i)oi)lar grows quickly and also 
produces good timber. Another of Yavlokov’s suc- 
cesses was the crossing of the Turkestan poplar with 
the white or silver poplar. The Turkestan poplar 
is very common in Central Asia, but is rarely met 
with in the Euro])ean part of the U. S. S. R., espe- 
cially in the north. The white or silver poplar, on 
the other hand, stands up to heavy fro.sts and does 
well in the north. The hybrid grows very rapidly 
and is impervious to frost or drought. The same 
.scientist has cro.sscd the wild hazel, common in the 
U.vS.S.R., with one of the better sorts of sub-tropical 
liavel from Barcelona. The nuts of the Russian white 
hazel are very nutritious, while the bush itself serves 
to hold the soil and i)revent ero.sion. Tlie hybrid 
has the additional advantage of being inq)ervious to 
frost ; the nut has a high albumin and fat content. 

By cro.ssing the Jerusalem artichoke with the 
sunflower, B. Sciiibrya has produced an entirely neA\ 
plant. He has combined the percnniality and tubers 
of the artichoke with the high harve.st yield and big 
oily seeds of the sunflower. 

Many years of experimentation have now given 
Soviet farmers a tall, heavily foliaged hybrid which 
produces green silage at the rate of 28 tons per acre. 
The stalk has a high .sugar content (17 per cctil 
wlicn green, and about 53 per cent when dried). A 
type of molasses similar to that obtained from .sor- 
ghum can be obtained from this .stalk, which when 
dried produces a fodder flour with a 50 i)cr cent sugar 
content. The stalk of this plant contains a large 
quantity of .saccharose, amounting to about 77 per 
cent of the total sugars. This promises to be a new 
raw product for the manufacture of crystal sugar. 
This remarkable plant has still other uses. Its leaves 
contain a certain amount of rubber which may pro- 
fitably be used in industry after the molasses ha\c 
been extracted. 
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CEMENTED CARBIDES AND IMPREGNATED DIAMOND TOOLS 

DARA P. ANTIA 


JT was in thu year 189S that Moissan' experimenting 

with the electric arc furnace produced wliat the 
chemists identified as tungsten carbide, a very hard 
material to which a scratch hardness of q‘ 8 was 
assigned on the Moh’s scale of hardness. About 
1912 this high hardness of tungsten carbide was first 
utilised in making jewel bearings for meters. In 
Holland compositions of tungsten and cabalt were 
employed as a .substitute for diamond dies for 
drawing wires. 

With this .start the development of tool mate- 
rials was fairly rapid. About 1910 tool and die 
materials of tung.stcn carbide were made by process 
of powder metallurgy. Crushing tungsten carbide 
to a fine powder, pressing it in iron dies to ])ieces 
of an accurate size and shape and heating them to 
a temperature below the melting point produced 
more durable tool material than could be obtained 
by melting. In America carburised and cemented 
compo.sitions consisting of tungsten, carbon and 
titanium with about 0 to 10 per cent nickel or iron 
were employed for drawing dies and tool edges. 
Oerman investigators cemented tung.steii carbide par- 
ticles with up to TO per cent cobalt, producing tool 
and die comi)ositioii.s which are the basis for modern 
tools for machining cast iron, non-ferrous metals and 
such substances as bakelite, porcelain, glass and 
hard rubber. Much use is also made of them as dies 
for drawing wires and rods. These materials are 
known as cemented tungsten carbides or more com- 
monly by their various trade names. 

In general cemented carbiile tools are made by 
crushing and i)owdering crystals of tungsten, tan- 
talum, titanium and other hard carbides which are 
cemented together by a binder from to 20 per 
cent cobalt or other material by sintering. They are 
manufactured in .several different compositions which 
are adapted to cutting various materials under differ- 
ent conditions. The dilferent grades are obtained 
by varying the percentages of the various carbides, 
the amount of binding material, the size of the car- 
bide grain, the sintering temperature and other 
factors to produce the desired characteristics. The 
harder grades which in general contain smaller 
amounts of cobalt binder tend to excessive britlle- 
ue.ss and can be used only for lighter cuts, lu 
general increase in toughness is obtained at the 
expense of hardness. 

The tungsten carbide com])Ositions containing a 
certain percentage of tantalum or titanium carbide 
are much more satisfactory than the straight 
cemented carbides for cutting steel. Some tantalum 


carbide entirely free of timgsleii carbides are among 
the most satisfactory materials for cutting steels. 

The following table gives the range of composi- 
tions for the difTcreiil cemented carbides. 


C<)n,ititiu*iUs per cent 


Type of M.'iterial. 

WC 

TaC : 

J 

Tie ! Co 

Ni 

w 

Tung.steii c*arl)i(ie .. 
Tantalum (plus eo- 
lumbium) Car!)ide 
Tungsten and tanta- ' 

85-‘)7 

72-85 

3-15 

6-13 

1 

12-20 

him carbides 

30-77 

17-57 

, 6-13 

Sometimes 

W and Ti carbitles .. 

45-89 


1 5-35 ; 6-20 

used 

W. Ti and Ta car- 



1 1 



bides 

20-H4 

5-30 

5-30 1 6-20 

1 1 

L 



The first step in the production of cemented 
tungsten carbide is the production of [mre Imigstcn 
powder from the ores of tungsten. A method com- 
monly usc*d is dc.scribed below. 


Production ok Tu\(;stkn Powdhr 

The ino.st common ores of tungsten are wolfra- 
mite, Fe(Mn)VV(), and .scheclite, CaWO^. Ferberitc 
aiitl Hubiierite are of minor importance. The tungs- 
ten content of the ore as mined is usually from 0*5 
to 2%. The ores are concentrated by combined 
gravity and flotation methods. The concentrates 
contain from 60 to 75% WO3, the chief impurities 
being Fe, Mii, Ca, Si, As, vSb, Hi, Cu, Sn, Ti and Mo. 

The next .stei) iR manufacture of tung.stcn 
powder is the .separation of tung.stic oxide from the 
other minerals in the ore. The method ii.sed depends 
on whether the ore is wolframite or scheelite. If 
wolfianiile is ii.sed the concentrates are fused w^ith 
s<Klium carbonate and the sodium tungstate extracted 
from the melt with water. A mixture of 115 parts 
of sodium carbonate with 100 parts by weight of 
tungstic oxide in the ore is ball-milled to pass a lo^) 
mesh .sieve and is charged into a gas fired rever- 
beratory furnace. The temperature is kept at about 
Soo^C. 

The mass after removal from the furnace is 
cooled and crushed and the sodium tungstate leached 
out with water. On evaporating this .solution, cry- 
stals of sodium tungstate are obtained which are 
purified by agitation with an excess of calcium chlo- 
ride .solution. A white precipitate of calcium tung- 
state or artificial scheelite is obtained. This is 
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thoroUKlily vvaslicd by decantation and treated with 
hydrochloric acid giving WO3 gQ*5% ptire. The 
impurities arc KcO, AI2O.,, CaO and Si02. 

If sclieclite is the ore used, it is decomposed 
with HCl in a steam heated, rubber-lined vessel. 
The scheelite is ground to about 120 mesh and the 
temperature used is about 70®. After about five 
hours* treatment nitric acid is added to oxidise 
impurities. The tungstic acid obtained is allowed 
to settle and the licpiid syphoned off. The sludge is 
washed four or five times. It contains about 98% 
WO3, tile impurities being iron, calcium and silica. 

'J'he tungstic oxide obtained 1)y either of the 
above pnxresses is further purified by treatment with 
ainnionia, forming crystals of ainmoniuni-para- 
tungstate which are then treated with hydrochloric 
acid. 

It must be stated at this stage that the tungsten 
carbide for use in cemented carbides can either be 
obtained from the tungsten obtained from the reduc- 
tion of tung.stic oxide or straight from WOg. In 
either case the fineness of the oxide has considerable 
influence on the properties and structure of the 
finished material and it is es.sential that the particle 
size of the oxide be closely controlled. In general 
in the decomposition of the tungstate solution the 
following effects are noted.® 

(1) The colder the solution the finer the oxide. 

(2) More concentrated solutions of either the 

acid or the tungstate give coarser oxides. 

(3) The more slowly the ammonium tungstate 

.solution is added to the acid the finer 
the oxide. 

The particle size of the oxide can also be con- 
trolled by precipitation, by varying the temperature 
of drying and subsequent firing. Calcining the dried 
oxide at 650^0. causes a definite increase in the size 
of the particles. The increase in jiarticle size also 
increases the density of the oxide. The conditions 
are so controlled that a particle size between one and 
three microns is obtained. 


Reduction of WO3 

Tungsten is reiluced from its oxide in a variety 
of methods, the purity of the powder obtained 
depending upon the method used. The most com- 
mon method of reduction is by the use of hydrogen. 
Reduction is carried out in a continuous tube furnace 
in which are fed iron or nickel boats charged with 
the oxide. The furnaces are heated either by gas 
or electricity. The furnace is about 12 feet long 
through which a temperature gradient is maintained. 
Reduction is done in two stages. In the first stage 
the tempeiaturc is raised to 7oo®C and only a brown 


oxide is produced which is a mixture of WO2 and 
W. In the second stage some yellow oxide is addetl 
to the brown oxide and the mixture is raised to a 
temperature of up to 8oo°C. Hydrogen is led 
through purifiers and introduced from one end of 
the furnace and the boats from the opposite end. 

The product of reduction is a grey powder, 
.slightly caked into lumps. These arc broken ui> and 
passed through a fine silk seive, the coarse materials 
being rejected. 

The jiarticle size of the reduced powder depends 
upon the temperature of firing, the time of reduction, 
the slate of the original oxide and the concentration 
of water vapour in the hydrogen. The conditions 
under which poweders of various particle sizes can 
be produced are given in the following table. “ 


Dia. of 
particles 

Max. Temp. 

! 

Hydroiiicii 

Wt. of WO, 
per c.c. 
in boat 

O-.S micron. <» 

800°C. 

dry 

0 05 gms. 

2 

830°O. 

0-5 

4 

!)00°C. 

M 

Saluraled 
with water 

1 10 „ 

8 ,, 

1I30°C. 


10 

I200°C. 

« 9 

1 

20 „ 


Manukacturk ok 'ruNc;sTiCN Cakbidk 

The tungsten powder of particle size between 
one and three microns obtained by the method 
de.scribed above is ball-milled with enough laniii 
black to form \VC. By the smearing action t)f the 
balls every i)article of tungsten is coated with carbon. 
This mixture is then heated in a carbon tube for 
about two liours at i,5oo^C. The resulting carbide 
is crushed and seived. 

If WC is to be produced direct from the oxide, 
the o.xide is ball-milled with lamp black and the 
mixture fired at over 2,ooo®C. The heating is con- 
ducted in an iron tube from which the evolved gases 
can escape. The resulting product is tungsten 
carbide, WC. 

The tungsten carbide so produced is very hanl 
Imt at the same time very brittle. The property of 
toughnes.s without a great .sacrifice of hardness is 
imparted to this material by cementing fine particles 
of the carbide by means of cobalt. 

Manuk ACTURR of Ckmenthp Tungsten Carbides 

There are two proce.sses used for manufacturing: 
cemented tungsten carbides. 

(1) The Cold Press process. 

( 2 ) The Hot Press process. 
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(i) The Cold Press process .— timgsleii car- 
bide prepared as described, is ball-milled with the 
necessary proportion of fine cobalt (from 3 to 13%, 
depending upon the properties re(iiiired). Cobalt 
powder is made either by reducing its oxide with 
hydrogen or is made electrolytically. Purity and 
particle size are again of great importance and addi- 
tional precautions are necessary since fine cobalt 
powder is highly pyrophoric. 

Ball-milling is done in steel bottles with steel 
balls. The time required varies with the tungsten 
employed and the particle size. Wet or dry mixing 
can be done, an inert organic medium being employed 
when wet mixing. Stearic acid, carbon tetrachlo- 
ride or lard is added to facilitate moulding and to 
reduce the coefficient of friction of the balled material. 
The tungsten carbide particles get thorouglily coated 
with the cobalt powder. 'Phe mixture is then pressed 
in steel dies, at a pressure of 30 to 35 tons per square 
inch, to a desired shai)C with sufficient allowance for 
shrinkage during subsequent firing and sintering. 

The modelled particles are then subjected to a 
presintering treatment in hydrogen for about half 
an hour at a temperature of 7oo^C. A shrinkage of 
about 13 to 20 per cent lakes place during this 
pAcess, and the material is sufficiently strong to be 
handled and filed or worked on a lathe without 
danger of breaking. The desired final shape is thus 
imparted to the material with sufficient allowance 
for shrinkage during final .sintering. 

The .shai)cd articles are then packed in alumina 
and heated in an atmosphere of hydrogen for 30 to 
(X) minutes at a temperature between t,35o^C and 
i,450°C depending upon the amount of cobalt used. 
A further shrinkage of 13 to 20 per cent takes ]»lace 
and except for final grinding or lapping the material 
is ready for u.sc. 

(2) The lloi Press process. — In this process 
simultaneous pressing and .sintering is employed. 
Tungsten carbide and cobalt, ball-milled as in the 
cold press process are introduced into a graphite 
mould which is constructed to permit electrical heat- 
ing and also provided with top and bottom plungers 
for applying pressure. A high current, over 2,000 
amps, at 220 volts, is either passed through the top 
and bottom plungers, or the current is passed through 
the graphite mould using side electrodes. The 
pressure used is about 1,500 lbs. per square inch at 
a temperature of about i,4oo®C. At higher teni- 
l>eratures lower pressures are used. 

It is not alw'ays necessary to make tungsten 
carbide prior to the pressing operation. If tungsten, 
cobalt and carbon in proper ])roportions having the 
correct particle size are mixed together and then sub- 
jected to the simultaneous pressing and heating 
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operation as described above, a material is obtained 
which in all respects is siiiiilar to that made from 
tungsten carbide and cobalt. 

Though the physical properties of the sintered 
carbides produced b\' siinultanetms pressing and 
heating process are far superior to the carbides pro- 
duced by the cold press process, it is not generally 
used since it is expensive, and the graphite mould 
can be u.sed but once. 


Preparation op Tantai.um, Coi.umiuum ano 
Vanadium Carbides 

The oxides of these metals are reduced by mixing 
with calcium and calcium chloride heated to 900 to 
i,ooo^C in a sealed bomb in the presence of small 
quantities of excess calcium which is employed to 
remove residual air or moisture. A small amount 
of alkali metal such as pota.ssium or .sodium is also 
added in the charge to remove hydrogen. The 
bomb is heated for a time long enough to bring about 
the reduction of the metals. The bomb and its con- 
tents are then cooled to room temperature $nd the 
charge disintegrated by washing with water and 
dilute acid in .such a manner as to prevent undue 
alKSorption of hydrogen or nitrogen by the metal 
powder. After the powder has been allow'ed to settle, 
the supernatant liquid is decanted, the powder washed 
with alcohol and ether and dried in vacuum. 

Titaiium powder is similarly made. Titanium 
tetrachloride is reduced with sodium in a bomb at 
low red heat. 

The eiemciit columbium is practically always 
present in tantalum ores in varying (juaiitities and 
is very difficult to remove therefrom. Hence, it is 
that some columbium carbide is always present along 
with tantalum carbide in tool compositions where 
tantalum carbide is used. > 

The carbides of the elements may be prepared 
b>' adding the required amount of caribou or gas coke 
to the powders of the metals and milling them to- 
gether for about five hours. The milling produces 
a very intimate mixture of the materials which may 
then be fired at a temperature varying from 1,500^ 
to i,6(x)®C. for about eight hours in a clo.sed graphite 
tube in an almo.sphere of hydrogen. 

F. C. Kelley* makes compositions of tungsten 
carbide and tantalum carbide using cobalt as binding 
material. Both the carbides are milled to break 
them up to a fine powder capable of passing through 
325 mesh. The carbides in the desired ratio are 
mixed with .suitable amounts of cobalt, from 3 to 
20%, and pressed to the desired .shape in a hydraulic 
press. The pressed material is then sintered in a 
close graphite tube in a hydrogen furnace at a tern- 
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pcratiirc of ahonl i.4c)f)®C. for about otic and a half 
hours. 

Kelley has obtained satisfactory results with the 
following compositions. 


Tuiigslen ci»rl>i<le 

Tantaluiii carhide 

Colmll 


21% 

9% 

00"., 

27% 

13% 

70% 

24% 

6% 

54% 

40% 

6% 

43-5% 

43*5% 

13% 

Nickel is also 

used as a binding material for 


taiitaluiii carbides. A coiiiposilioii containing 7^% 
'laC, To% Ni, and 12% W has been reixirted to he 
very satisfactory. This material is made by comnii- 
miting the amorphous tantalum carbide and metallic 
tungsten in a ball mill, using, nickel balls, in a bath 
of naptha, until the mixture contains tantalum 
carbide, tungsten and nickel in the rccpiired degree 
of fineness and the re<iuired proportions given above. 
The naptha is then removed entirely by heating in 
an electric furnace, under a jiartial vacuum, at a red 
heat. A piece is then formed from the dried powder 
of the desired shape and the piece heated in an elec- 
tric furnace in partial vacuum. 

McKenna’ claims that in the tantalum carbides 
as used above the carbon is not pre.scnt in the exact 
monatomic ratio to the tantalum, and that the material 
is amorphous in character in that it does not present 
crystalline form to the unaided eye. He uses com- 
positions of macro-crystalline carbides, as he calls 
them, or mixtures or carbides in the true monatomic 
ratio to iiroduce his “novel hard comi)Ositions of 
matter*’. The compositions he recommends as use- 
ful contain 74 6% TaC, t8 % W and 7’4% Ni : and 
78% TaC, ir*2% W, and io'8% Ni. He also uses 
various amounts of macro-crystalline multi-carbides 
including TaC, CbC, TiC and ZrC, with various 
binders chiefly nickel and tungsten. 

A iiev/ technique of manufacturing tantalum 
carbide, columbium carbide and multi-carbide 
.substances of these with titanium carbide has been 
developed in which the metals are dissolved in a 
molten menstrum of aluminium in contact with 
carbon, at temperatures about 2,ioo°C. The macro- 
crystalline carbides are separated from the aluminium 
and aluminium carbide by acid attack and solution, 
leaving metallic-lustered crystals having an exact 
monatomic ratio of metal atoms to carbon atoms. 

McKenna® also uses a tungsten titanium carbide 
in the form of a compound WTiCa. This he describes 
as distinct from a mixture of tungsten carbide and 
titanium carbide as referred to by Comstock' and 


also distinct from mixed crystals of the two carbides 
as referred to by Schwarzkopf." He produces 
WTiC^ in crystalline form by a synthesis in a molten 
menstrum of nickel at a temperature above 2,ooo®C : 
WTiCj is recovered by removing the nickel by dis- 
solving in aqua regia. It is then purified by leach- 
ing in platinum dishes with boiling hydrofluoric acid. 
Tool compositions are made as follows : 

Hard carbide particles are ground in a ball null 
having a hardened steel surface with balls about five- 
eighth of an inch in diameter. • The mill is filleil 
with nai)tha wiiich has been previously treated with 
sodium to remove the impurities. After milling for 
a long time the charge is removed, the surplus 
naptha is decanted and the residue dried by air blast 
until it contains one to tw^o per cent naptha. Finely 
divkled nickel or tungsten or cobalt or other binder 
metals such as carburised tungsten or a mixture of 
such binding materials in the form of finely divided 
particles and mixed if desired under naptha in a 
colloidal mill, are added to the ground, hydro-carbon 
saturated, carbide materials ; or preferably the 
selecteil carbide materials and binder materials are 
initially ground together in a ball mill. In this con- 
dition the mass is easily moulded and can easily be 
formed to any desired shape. An allowance of aly)Ut 
15 to 20% is made for shrinkage. The i)iece is sub- 
jected to a compacting pressure in a hydraulic 
chamber of the order of about 3,200 psi. The piece 
so formed is placed in an electric induction vacuum 
furnace, together with metallic magnesium in the 
proportion of one part of magnesium to 200 to 300 
parts of the pieces, and the furnace is heated slowly 
to reach, in about two hours, a temperature of 
to i,445^C, and kept at this temperature for 
about an hour. During the heating the furnace 
chamber is evacuated to obtain a ])ressure of from 7 
to 40 microns of mercury by means of a mercury 
difTusion pump” connected to the furnace chamber. 
After the furnace has cooled the pieces are removed 
and arc ready for use. 

The following compositions are stated as giving 
gofKl results : 

45% WTiC., 17% TaC. i5%C(). and 23% car- 
burised tungsten . 

45% WTiC„ 17% (TaCb)C. 15% CO. and 23^^. 
carburised tungsten. 

75% WTiC„ 25% CO. 

50% WTiC,, 17% TiC. 8% Ni, 25% carburised 
tungsten. 

The author carried out some work at the Massa- 
chusetts Institute of Technology, Cambridge, Mass, 
U. S. A. u.sing from 3 to 15 per cent of stainless 
steel powder as cementing material. Several compo- 
sitions of tungsten, tantalum and titanium carbido 
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vvei^ tried. ^ The results however were inferior to 
.standard carbide compositions. 


Action of the Cementing Material in the 
Cemented Carbides 

Many investigations have been made in regard 
to the action of the cementing material in the 
cemented carbides. Wym^jnn and KeUey*“ and is. 

*Takeda" have investigated the equilibrium diagrams 
of the Co-W, W-C, Co-C and Co-W-C systems and 
have thrown much light on what happens when 
final sintering takes place. 

It is understood that when the sintering tempe- 
rature is raised above 1,400^'C, there forms a li(]uid 
eutectic alloy of cobalt, tungsten and carbon. This 
alloy i)cnetrates between tlie carbide particles by 
capillary action and in part diffuses into the carbide 
crystallites. As the duration of sintering is increased, 
a slight grain growth of the carbide crystallites takes 
place absorbing tlie small particles. Also upon 
cooling the smallest carbide i)articles are absori)ed 
in favour of the larger ones and the tungsten carbide 
crystals dissolved by the liquid i)hase again se])arate 
out in extremely fine di.stribution. 


Physical Properties of Cemented Carbides 

The physical properties of the cemented carbides 
vary with different combination of constituents. In 
the case of cemented tungsten carbide alloys the 
density decreases with increasing amounts of cobalt ; 
the hardness also decreases slightly but there is an 
increase in strength. The hardness also <lepends 
on the particle size of the carbides and by decreasing 
the jiarticle size an apjireciable increase in hardne.ss 
is noted. The finer grained carbide also resists 
abrasion to a greater extent. Poro.sity jdays an im- 
portant part in the ultimate values of strength, 
density and hardness. If there are many voids these 
values are lower. Porosity of course depends upon 
the final sintering temperature and as stated pre- 
viously the temperature, pre.ssure, etc., are closely 
controlled in the manufacture of these carbides. 


Transverse vStren(;th 

Since the cemented carbides have very little 
ductility, they are tested by breaking a transverse 
test bar and calculating the modulus of rupture or 
maximum strength in the outermost fibre. The 
tigure so obtained for a b*i cobalt composition is 
:io5,ooo i)si, about half that for high-speed steel, but 
lave been exceeded in certain itivStaiices. The values 
mainly depend upon the amount of binding material. 


The effect of moderately high temperature on 
the strength of cemented carbide containing i3?^» 
cobalt is shown in the following table. They show 
a very good rclcntioii of strength at red heat and 
above. 


Teniperalurf V. 

Modulus of r 
psi 

Ruoni temperature 

225,000 

HOO 

183,000 

850 

170,000 

900 

141,000 


The iiiodulns of elasticity of cemented tungsten 
carbide with 13 'X> cobalt lias been determined by A. 
ly. Kimball*' as 79,000,000 psi. On compositions of 
high tantalum carbide with a bond of different nature 
the modulus of elasticity has been found to be 
56,000,000 ])si. 

A test measuring the modulus of elasticity con- 
.si.sls in utilising the Rockwell machine for applying 
a load and measuring the distance of flexure of beam 
of the carbide alloy, o’ 125 in. thick and o’ 150 in. 
wide, supported between one inch centres and pressed 
in the middle with a hardened steel ram of %X\\ 
inch radius. Kach mark on the Rockwell C scale 
represents a movement of 2 microns or 0 002 mm. 
The idle load is 6’6 kg. and the flexure caused by 
the addition of icx) kg. is the measurement ovserved. 
vSoine observations of flexure as given by McKenna'’’ 
are shown in the following table : 


Binder 


Break 

Kg. 


Rockwell A 
Hardness 


I'lexure with 
100 Kg. load 


Marks <iii 
C scale 


Microns 


Retiiarks 


I 


4 

1.530 ; 

91 -8 

5 

1540 

91-8 

5 

i 1740 

900 

8 

; 2160 

890 

23 

1 1600 

91-6 

27 

! 1800 

91 0 

27 

2410 

880 


4100 ; 

850 


22-5 45 

; 22-5 1 45 

23 46 

i 31 62 

37 74 

38 76 

1 34 68 

, 67 134 


iTo t C -f \V bond 
Co+C+W bond 
Ni fW+C bond 
Ni + W Ijond 
allov^ Co+VV-f C 
Ni 1- W alloy boinl 
Ni + W Ixnul 
! hardened 
I 18-4-IHSS 


The tortional modulus of elasticity has Iwen 
determined by J. V. lininons^'* for a sample contain- 
ing 15% Co and was found to be 17,250,000 psi. 

The compression strength of cemented tungsten 
carbide is the highest for any known material and 
is around 540,000 psi. 

The coefficient of thermal expansion of cemented 
tungsten carbide with 13% cobalt as. reported by P. 
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Hjndiicrt^^ is 60x10’* per over a range from 
2o®C to 4oo®C. 


H/VRDNEwSvS 

Hardness is the property of great practical 
importance in tool materials. The hardness of 
straight tungsten carbide is estimated as g*8 on the 
Moll's scale of hardness. The addition of cobalt 
lowers tile hardness in proportion to the amount of 
cobalt added. 

Physical properties have been explained^’^ as a 
con.se(]uencc of chemical bond and <listancc between 
atoms in a chemical compound. This is based upon 
the idea that the atoms in a lattice are held together 
as the S(|uare of the valance and inversely as the 
distance between the atoms. The conipounds com- 
pared must be of the same crystalline arrangement. 

100 ' ^ 

Some values of the figure -y 3^3 e W = atomic 

volume, are given in the following table. It is 
interesting to note that the rank of figures obtained 
by Moll's hardness test are consistent with the rank 
of figures obtained by calculation. 

lOOW* .. .. NaCl AgCl Pbs TiN VN TiC V TaC 

V, 2/3 .. 18 19 63 268 280 435 491 452 

The commonly used laboratory test for the hard- 
ness of cemented carbides is the Rockwell test. 
The Standard test with diamond cone and 150 kg. 
load is not used since the diamond breaks off too 
easily. The usual^ way is to use the 60 kg. load 
and take the reading on the Rockwell C scale calling 
it the Rockwell A number. 


Tiikrmal Conductivity 

This is the most important property in cutting 
tools. H. A. Robinson*^ found the thermal conduc- 
tivity of tungsten carbide with Co to be 0*652 


watts per cm. per sec. per ^ with a deviation of 
±0 025. This is about 50% greater than that of 
tool steel. The thermal conditctivity of a tantalum 
carbide tool composition (78% TaC) as determined 
by W. Newcomer*'' is about 0*224 watts per cm. per 
sec. per ®C. 

McKenna*’’ gives the following figures for 
thermal conductivity for hard tool materials. 


Thermal 
coiuluctivity 
Cal. per cm. 
per°C per^e^. 


Applications and Remarks. 


0199 

0185 

0141 

0108 

0 084 
0 043 

0068 


I WC :C(i eomposilion. Very good on liglil 
I cuts on ca.st iron. 

i WC :Co composition. Cast iron cutting al 
' high speeds. 

WC :TaC-|-3%Co. Cast iron catting below 
300 ft. per minute. 

WC :W-Ni bond. IW malleable iron ainl 
I steel castings. 

! vStecl cutting grade of TiC :WC :Co. 

I Steel cutting tool of Ta, Cb and Ti. Carbides 
used at speeds up to 800 ft. per min. 
j Quenched and drawn H :vS.vS. 


Coefficient of friction is important in materials 
to be used for cutting i)nrposes. vSeizing is a func- 
tion of adhesion or coefficient of friction between the 
built np edge and the tool. Carbon tetrachloride 
is sometimes used as a coolent when using cemented 
tungsten carbide tools. The coolent forms a film on 
the surface of the material and lowers the coefficient 
of friction. 

Cemented tungsten carbide tools arc not found 
suitable for cutting steels. Tantalum carbide com- 
positions with cobalt bond are generally used. 
More recently a composition of 77% TiC, 13% MoC 
and 10% Ni has been successfully used in Gcrniany 
for drilling rod.^. 

The physical properties of cemented carbides are 
summarised in tlie following tables. 


PRimERTlKS OK CEMENTED TuNGvSTEN C.ARBIDES*** 


Cob'^lt percent 

Density gm. per c.c. at 21®C 

Modulus of rupture as determined by transverse strength 
in psi ... ^ ••• 

Rockwell A hardne.ss on C scale with 60Kg loa<l 
Vickers Briiiell Number 
Shore Monotron Numlier* 

Electrical resistance, micro-ohiiis per c. cube at 20^C' 

Tempe aUirc coeff. of resistance for interval 20-30°C 
Co-efiicient of tbermal expansion por®C over 20-40n°C 
Compressive strength in psi ... 


‘ 10 kg. load. 

• 30 kg. load. 

* Figure* are the load to produce a penetration of 
while the 145 and 130 readings were for 6% and 13% Co. 


= 1 

6 

9 

13 

20 

15-04 I 

14-82 

14-56 

14-10 

12-54 

125.000 

205,000 

250,000 

300,000 


91 •0-93-0 

90-92 

88-91 

87-89 


1380^ 

1450* 

1365* 

1255* 

755* 

190 

145 


130 


21-3 

21-1 

22-3 

19-6 

29-2 

0-0047 ‘ 

0 0045 

0 0043 

0-0044 

0 0038 




60xl0~‘ 


(4*^%Co) 

1 ( 680.000 




890,000 

1 1 730,000 


540,000 



9/5000 in. The 190 readings were for 6% Co pressed ho 
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Pr(>i*ertibs ok Tantalum 


Combinations. 


Predominantly tantalum carbide plus 13% binder 

Kqual amount of tungsten carbide and tantalum carbide 
+ 13% binder 

Predominantly tungsten carbide plus tantalum carbide 
+ 13% binder ... 

80% tantalum earbi<le, 12% tungsten metal and 8% nickel ... 

75% tantalum (columbium) carbide, 13% tungsten metal, 
12% nickel 

72% tantalum (columbium titanium) Carbide 20';oW, 8% Ni 

Predominantly tungsten carbide plus titanium carbide and 
13% binder 

Predominantly tungsten carbide with increa.sed amounts of | 

Tie and 13%, binder ... ... ... ... ; 

I*redominantly tungsten carbide with increased amount of j 

titanium carbide and 13%, binder ... ..f ... ; 


Applications of Ckmknthd Carhidks 

Tile most important application of cemented 
carbides is in the form of tips for cutting metallic 
and non-metallic materials. As slated before tung- 
sten carbide cemented with cobalt is used for 
machining cast iron, brass and other metals having 
tensile strength below 40,000 psi. The cutting speed 
is from two to ten times faster than with high speed 
steels.'®*'^ Compo.sitions containing the intermetallic 
compound WTiCs are mostly used for machining of 
steels of tensile strength from 80,000 to 270,000 psi 
or from 167 to 552 Britiell hardness. Here again 
the tools can be used at cutting speeds much faster 
than with high speed steels or cast cobalt -chromium 
alloys. Carbides also find important ai)plications in 
wire drawing dies, dies for extruding, sizing, 
drawing and otherwise forming rods, lubes, sheets 
and fabricated shapes of most metals. Being wear 
resistant cemented carbides find use in gauges, 
thread guides, pump valves for abrasive materials 
and for nnnicrous other applicati()ns where a com- 
bination of high abrasive resistance and good j^trength 
is e.ssential. 

For mosf applications like tools, dies, etc. con- 
taining cemented carbides, the structural assembly 
is such that the weight and volume of the carbide 
portion is small compared with the supporting part 
which is generally brazed on to the steel shank or 
holder by copper, or silver solder. Direct welding 
is difficult due to large difference in the thermal 
expaii.sion betw'een cemented carbide and steel. A 
nmffle type electric or gas fired furnace is used for 
brazing. 

Impregnated Diamond To(.)ls 

About 50% of all the diamonds mined arc used 
in industry for the various purposes outlined in the 


AND Titanium Carbides** 


Rcx'kwell A 

Density 

Modulus of 

hardness 

g./cc. 

rupture, psi 

870 

13-55 

175,000 

87-2 

13-65 

250,000 

87-5 

13 91 

275,000 

88-4 


250,000 

88-3 


275,000 

910 


185,000 

898 

12-80 

250,000 

900 

11-95 

240,000 

900 

1010 

180,000 


following table and in about the j)roportioii indicated. 

Grinding wlu-el dressers 40%, 

Rarth drills ... .. ... J.'S'V, 

Wire drawing dies ... ... 15% 

Stone saws ... ... 10%, 

Abrasive powder ... ... 5%, 

Lathe and boring tools ... 2”;', 

(Uass cutters ... ... ... 0*5%, 

All else ... ... ... 2‘5'V, 

Industrial diamonds are of two types. The 
black diamond (carbonado) and bort. The black 

diamond is the hardest known .substance, being harder 
than gem diamond. The chief use of the black 
diamond is in the manufacture of drill bits for rock 
drilling and boring, while that of bort is in the inann- 
f'lcture of cutting tools which are used for turning 
hard rubber, ebonite, vulcanite fibre, metals and 
alloys, mica and other materials that dull other 
ciilling tools quickly. 

The difficulty of securing a small object like a 
diamond in a holder was very early realized and 
sonic very crude methods were used for inoimting 
diamonds. For example in making diamond drills, 
holes w’ere bored in soft steel and the diamond sur- 
rounded by a strip of cojiper w-as placed in the hole. 
The metal was then pinned round the hole by a 
jmiich. This method had several shortcomings. 
First, contact between the metal and the diamond 
was obtained over only a small part of the surface 
of the diamond. Second, the diamond was subjected 
to strain from unequal pressure wliicli made it likely 
to crack. Finally the diamond was held in a metal 
which had a greatly different ccx'fiicient of expansion 
from that of the diamond, a factor which usually 
resulted in loo.seness, in vibration and in possible loss. 

Fidward Van dcr Pyl'® has taken out a i)atcnt 
in which he makes grinding wheels using diamoinl 
grit embedded with a powdered bond. The bond is 
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either an alloy of 68% Cu and 32% Sn or 35-50% 
and 65-50% Ni or 85% Cii and 15% A 1 or 65% Cu 
and 35% Mn or copper with 1-2% Be. 

The diamond Rrit between 80 and 500 mesh is 
mixed with the bond i)owdered to 200 mesh. After 
mixing, it is cold pressed and then sintered at a 
temperature between 750 and i,200®C dependiiiK 
upon the type of bond used. 

Another method of making grinding wheels or 
wire drawing dies is to embed tlie diamonds in a 
casting of suitable alloys or metals. This method 
df>cs not seem tf) be very .satisfactory as intimate con- 
tact is not obtained between the metal used and the 
diamond. In addition there is no adhesion bond 
between the cast metal and the diamond and the 
low melting point metals generally used have a co- 
efficient of expansion greatly different from that of 
the diamond. 

I'or several years the General Electric Company*® 
carried out re.scarch for the purpose of obtaining 
maximum efficiency from diamonds by eliminating 
breakage and loss from the holders. Since diamond 
has an extremely high melting point it cannot be 
fusion- welded to any other body but if a satisfactory 
mechanical bond between the diamond and some 
other suitable substance were obtained tlie effective 
life of the diamond would be considerably increased. 
The (r. E. C. found just the suitable material in 
cemented tungsten carbide which under suitable con- 
ditions has a iicculiar adhesion for diamonds. The 
.advantage in impregnating diamonds in cemented 
tungsten carbide arc (i) the coefficient of expansion 
of diamond and the carbide are very close together, 
also the carbide does not undergo plastic deformation 
when cold, (2) because of the good thermal contact 
between the carbide and the diamond, the heat 
generated is dissii)ated much faster than it is in the 
case of other alloys or metals which do not make 
good thermal contact with the diamond. Evidently 
much care in sintering must be em])loyed in regard 
to temperature control le.st the diamonds be 
graidiitised. 

At pre.seiit diamond impregnated carbides arc 
principally used for wheel dressers but its use 


for grinding wheels, drills, core bits, etc. is 
increasing. 

In tile manufacture of wheel dressers*® crushed 
diamond are mixed with tungsten carbide and co- 
halt and all the operations are carried out in the 
same way as when making cemented tungsten 
carbides. The method of manufacturing drills is 
practically the same except that a single .surface 
layer of large diamonds is used. In core drills the 
diamonds are set individually in a tungsten carbide 
ring so as to perform most efficiently as cutting teeth. 
The ring is brazed to the tubular steel shank of 
the drill shaft. These tools arc known as diamond 
impregnated carboloy. 

There are some British jiatents for mechanically 
held diamond tools.'"* The diamond is clamped in 
suitably cut recesses and the life of the diamond i.s 
said to have increased a good deal. 
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MEDICINE AND PUBLIC HEALTH 


TRANSFUSION DANGER IN GIRLS 

Dr Philip Levine, of the Ortho Research Foun- 
dation, reports in the Journal of the American 
Medical Association the dangers aSvSociated with the 
transfusion of blood to youn^ women, >»irls of new- 
born Rirl babies without in-evious tests of their Rh 
blood Rroup. Transfusion of incompatible lilood to 
women has frequently resulted in severe illness or 
even death of their iirst-born babies years later. 

Transfusion of Rh positive blood into Rh nega- 
live blobd stream leads to a reaction resembling 
immunization against disease. Rh positive blood is 
destroyed in contact with blood in which such im- 
munization has taken ])lace. Immunization can be 
set uj) by very small amounts of blood and, once 
set up, will continue throughout the rest of the 
personas life. The Rh positive-killing anti-bodies in 
the blood may disappear in a relatively short time, 
but the tissues responsible for the production of these 
anti-bodies remain capable of responding far more 
rapidly to any invasion of Rh iKjsitive blood. Thus 
immunization becomes permanent although, the 
presence of immune anti-bodies in the blood may 
not be revealed by blood tests. 

In women who have suffered such immunization, 
an Rh positive baby uould be killed or made very 
ill by its own mother’s blood. Dr Levine reported 
the case of a young woman who had received seven 
transfusions of her father’s blood when she was only 
six years old. Her first baby was born with the 
most severe form of erythoblastosis, originating from 
Rh incompatibility. In another young woman whose 
second baby was born dead, Dr Levine found that 
the mother’s blood would not mix with that of the 
father although both had group 0 blood. This 


offered the first clue to the puzzling (piestion of why 
many families would repeatedly have still births or 
their babies would not live for more than the first 
few' days. 

In the light of these experiences, I)r I-^vine 
advocates that no girl should be given blood without 
Rh test. He also strongly discouraged the common 
jiractice of giving new born babies an injection of 
blo(Kl in their muscles, as it may also lead to immuni- 
zation. In such cases, the newly discovered vitamin 
K should be used as an anti-bleeding agent. 

PENICILLIN IN SEVERE INFECTION OF ARMS 
AND LEGS 

SuccKSSFUi. results of iienicillin injections into 
an artery in severe infections of hands, feet, arms 
or legs have been reported in an issue of the Science 
Nnvs Letter^ Infection comiilicaling diabetes and 
arteriosclerosis, which often results in gangrene 
requiring extensive amputation, is a condition which 
particularly responds to the artery injections of 
penicillin. Cases of infection and inflammation 
without pus formation and discharge and without 
death of tissues may be cured by one injection. Pain 
is often greatly relieved and even amputations may 
be rendered unnecessary. W^here, however, amputa- 
tion is unavtiidable, penicillin injection may fre- 
(jueiitly succeed in saving more of the leg or arm, 
hand or foot than would otherwise be matlc possible. 
Aitery has been recommended as the route for injec- 
tion, since it is a most efficient way of concentrating 
the drug in the i)art of the body where infection is 
located. This also involves the use of much less 
licnicilliii than is required in oral administration or 
in injection into a vein. 
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BLOOD "PROTEINS IN PHYSIOLOGY AND THERAPY* 

JL MUKCKJI and N. K. IYKN(iAR 
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Introduction 

THE knowledge of blood proteins and tlieir 
therapeutic .value that has been gained during 
the World War II enables us to approach the future 
with a very different view than was possible a decade 
ago to even the most far-sighted physiologists, bio- 
chemists or the physicians. The concept of blood as 
a therapeutic agent has been in vogue from times 
immemorial but physiological knowledge about blood 
and its functions began to crystallize only from i6i6 
when Harvey propounded his ‘theory of circulation*. 
More than 300 years have elapsed since and iihysio- 
logists have made many significant contributions to 
our present-day knowledge of blood. It is ijow text- 
book knowledge that blood is a fiuid tissue with 
many different functions, chief amongst which are 
(i) maintenance of the functional inter-relationship 
of wddely separated body cells by preserving the acid- 
base equilibrium and supplying them with fuel (food 
and oxygen) for their combustion ; (2) supplying the 
elements for their growth and reconstruction ; 
(3) relieving tlie tissues of their waste products of 
metabolism ; (4) equalisation of body temperature by 
distributing the heat generated by cell activity ; 
(5) carrying of chemical hormones to stimulate and 
co-ordinate cell activity. 

That blood is composed of tw'o distinct parts — 
a liquid part (the plasma/ serum) and a solid part 
(the coniuscular or ‘formed* elements) is recognised 
from the very beginning of knowledge about the 
phenomenon of blood coagulation. With the evolu- 
tion and increased use of the microscope in biological 
studies and the development of ‘vital staining* tech- 
ni(]ues with organic dyes during the last 100 years, 
phenomenal progress has been made in the study of 
the corpuscular elements in blood. The present 
position not only permits us to define and identify 
the various elements -the red corpuscles or erythro- 
cytes, the white corpuscles, or the leucocytes, and the 
platelets or thrombocytes — by their structural and 
staining characteristics, but w^e are in a position to 
avseribe specific physiological functions to each of 
these constituents. . Thus, the red corpuscles are 
known to be responsible for the respiratory functions 
of the blood, the leucocytes (which have again been 
sub-divided into several types) primarily for defence 
against infections and for ingestion of dead materials 

* Re-written from a bectiirc delivered by the senior 
author before the Annual Meeting (1045) of the ScRziety of 
Biochemistry and Experimental Medicine in August, 1945. 


and foreign objects circulating in the blood stream, 
the platelets for blood clotting processes, etc. 

TJioiigh the liquid portion of the blood consti- 
tutes nearly 60 per cent of the total blood volume, 
surprisingly little advance was made in our know- 
ledge of plasma /serum even up to the first quarter 
of the 20th Century. Beyond the fact that the plasma 
is an optimum fluid medium for the preservation and 
suspension of the red cells in circulation, the impor- 
tance of plasma or its component proteins per se was 
not clearly understood. Pickering*'* appears to be 
one of the first few physiologists to clearly enunciate 
that the plasma proteins must be looked upon as a 
closely-knit complex of inter-relatcd substances of a 
protein nature and that it can function as a physico- 
chemical unit in maintaining the viscosity and col- 
loidal osmotic balance of the blood. This hypothesis 
became the starting point of newer researches on the 
plasma proteins through the application of physico- 
chemical methods of electro-dialysis, differential 
salting with serial concentration of neutral salts, 
fractional heat coagulation and electrophoretic 
methods, etc. The difficulty of fractionating the 
different plasma proteins without ‘denaturing* them 
was so great that significant jirogress could ;^ot be 
recorded until recently. Through the brilliant work 
of Dr Edwin J. Cohn^ and his collaborators of the 
Harvard Medical School, carried out under the 
auspices of the American National Research Council, 
successful fractionation of the plasma proteins have 
now been effected, and furthermore, the part played 
by each of these fractious has been clearly indicated. 
Based on this new knowledge, an array of new 
Iherapeiilic agents from blood proteins are btiiig 
gradually elaborated which promise to unfold a new 
chapter in transfusion procedures, immunological 
practices, blood-grouping work, and neurosurgery, 
ii. this review article, an attempt will be made to 
present the iiioderii status of knowledge in this fiehl 
of plasma proteins with particular emphasis on their 
physiological and therapeutic aspects. 

Tiik Plasma Pkotkins 

The plasma proteins can be broadly divided into 
3 groups (i) Fibrinogen, (2) Globulins and (3) Albu- 
mins. Recent work has shown that each of these 
groups of proteins can be sub-divided into (i) Fibri- 
nogen A and Fibrinogen B, (2) Alpha, Beta and 
Gamma Globulins, (3) Albumins. The classification 
of these proteins is based on their solubility 
behaviours, and their chemical and physiological 
properties. 
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Origin of Plasma Proteins, — Whipple and liis co- 
workers*® have ascribed the orii^iii of 'fibrinogen* to 
liver. Working with completely hci^atectoiniscd 
rabbits, McMaster and Drury*® have confirmed this. 
Without the liver, there appeared to be no power to 
regenerate fibrinogen. Kerr, Hurwitz and Whipple'^ 
Smith, Belt and Whipple** found tliat after the 
plasma proteins had been reduced i>y ‘Plasma- 
pharesis*, regeneration of globulin occurred more 
rapidly than that of albumin. After haemorrhage, 
globulin api^ears to be more rapidly restored than 
albumin. In diseased conditions associated with 
reduction of plasma protein, albumin is usually lost 
first. The albumin is therefore the protein deputed 
to duty first and regenerated last. There is no 
evidence concerning the origin of these proteins, but 
the above facts suggest that the production of albumin 
and globulin arc independent processes controlled by 
different influences. 

Physiology of ihc Plasma /VcL'iny.— Whipple, 
Smith and Belt** have demonstrated that the main- 
tenance of a minimal plasma protein concentration 
is essential to life. The symptoms of extreme deple- 
tion of the plasma proteins resembled those of 
surgical shock c.g., collapse, fall in body tempera- 
ture, and increase in the rate of breakdown of body 
proteins. The plasma proteins do not appear to 
serve as sources of nutrition to the tissues. 

The principal function of the plasma proteins, 
apart from the clotting property of fibrinogen, appears 
to be the maintenance of the physical and physico- 
chemical state of the blood. The proteins protnotc 
the mobility of the corpuscles, presumably lubricat- 
ing the passage of the corpuscles through the capil- 
laries. The i)araniount role of plasma proteins, 
albumin in i)articular, is to maintain the fluid-balance 
between the blood and the intercellular s])accs and 
serous cavities. This is due to their osmotic attrac- 
tion for W’ater. The osmotic pressure of the plasma 
crystalloids, although relatively large (5,000 mm. of 
Hg., as against 30 mm. of Ilg. for proteins), is of 
little influence on the fluid distribution, because the 
crystalloids can pass through the vessel walls with 
the water. The edematous leg of a dog perfused 
with Ringer’s solution remains edematous but when 
perfused with .serum, the edema is re-absorbed. Other 
factors, besides a deficiency of the plasma proteins, 
can cause edema. Increase of vascular permeability 
permitting proteins to diffuse into the extravascular 
fluids would also be expected to cau.se it. 

The other function of the plasma protein is to 
act as buffers, as shown by Van Slyke, Wu and Mc- 
Ivean.” They accordingly assist in the CO^-carrying 
function of the blood and in neutralising acids winch 
invade it. This property of the ])roteins appears to 
be. of minor physiological importance, since more 
efficient buffers are present in blood. 


The normal concentration of jdasnia i>roteins in 
human beings is about (V.s-S's grammes per 100 c.c. 
Three proteins, which arc comparatively easily 
separated, are distributed as follows : fibrinogen 
(0 25 g.), serum globulin, {2'j g.) and .serum albumin 
(4 5 R )- "I'he plasma inoteins differ in molecular 
weight -that of fibrinogen is over ioo,oc)o, globulin 
about 100,000, allmmin less than 0o,ooo. Albumin, 
W'hich has by far the smallest molecule, naturally 
possesses the greatest diffusibilitv. There are various 
physiological factors which affect the concentration 
of proteins in pla.sma. Age, sex, pregnancy, diet, 
cold, heat, muscular work, water drinking, hyjicr- 
ventilation, etc., have all some effect on the content 
of plasma-proteins. Decrease in total iilasma protein 
concentration may be caused by loss through the 
kidneys, in i>roteinurea or by malnutrition, either 
from deficient diet, from a low’cred assimilation ability 
on the part of the body, as in diabetes, or from 
protein wastage caused by infections and in nephritis. 
A marked increase of plasma protein content occurs 
in conditions of great dehydration. 


Fractionation of Plasma Protkins 

Pibrinogen. -It has the solubility of a globulin, 
but on account of its role in blood coagulation, has 
a unique significance. It .spontaneously coagulates 
when ionised calcium .salts are present or by heating 
to 55^C in a neutral solution. It can also be preci- 
pitated most easily by the addition of salts. The 
role of this protein in blood clotting is too w'ell- 
kiiown to leijuire any enumeration. Very recently, 
it has been shown, that this is made uj) of two com- 
ponents, A ^ B, the latter an intermediate product 
obtained in the process of coagulation of fibrinogen 
bv thrombin. Fibrinogen B is formed from fibrino- 
gen A by the action of thrombin component A, with 
the liberation of thiol groujis in the fibrinogen mole- 
cule. 'J'his intermeiliate, fibrinogen B, can be clotted 
by thrombin component B or by minute amounts of 
2-niethyl i : 4-naplho(piinone (vitamin K) in 50% 
alcoholic solution. The mechanism of action of 
vitamin K is not known definitely but can be ex- 
idaiiied on the basis of the above finding. This 
suggests that vitamin K is either a prosthetic part of 
thrombin component B or that it converts a protein 
fraction into an oxidation — reduction system with a 
Iiotential in the vicinity of that of vitamin K. The 
in vitro action of vitamin K in the coagulation of 
fibrinogen has been demonstrated by this work 
for the first time. 

Plasma proteins can also be precipitated by 
such organic solvents as acetone or the alcohols. 
When this preci])italion is carried out at ordinary 
temperatures, the protein is denatured and the solu- 
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hility in water of tliesc precipitated proteins prac- 
tically disappears, a plicnoincnon similar to that 
seen in case denaturation of ]iroteins by high 
temperatures. Mellanby^, Hardy and Oardiner^' 
and many other investigators' have suggested 
precipitation at low temperature (5^C) to prevent 
denaturation. If denaturation can be prevented in 
this manner, alcohol precipitation has a decided 
advantage over salt precipitation since the ])rotein 
obtained by the former process can be dried under a 
vacuum and the resulting product will be salt-free 
and water-soluble. 

(ilobulius . — The globulins are readily removed 
by changing the pH of plasma or the salt concen- 
tration of plasma. They are completely precipitated 
by tlie addition of adequate quantities of anh^'droiis 
NaaSO^ or by vSaturation with NaCl or MgSO.i or 
half-saturation with Am-sulphate. 

As stated previously, three kinds of globulins. 
Alpha («), beta {ft) and Oamma ( 7 ) have been 
differentiated by their electrophoretic mobility. 
Alpha- and Heta-globulins have greate*- electropho- 
retic mobility than Gamma globulins (Tiselius^* 

In plasma or serum, Heta-glubulins reveal a double 
])eak whereas alpha globulin is represented by a 
single peak. 

Alpha globulin consists mainly of water-soluble 
pseudo-globulins with an iso-electric ])oint of pll 5 
and is precii)itable by higher concentrations of 
ammonium sulphate than are re<iuired for the pre- 
cipitation of beta- and gamma-globulins. The so- 
called mucoglobulin** as well as certain carbohydrate- 
rich globulins'*'' i)rol)ably belong to the alpha- 
globulin group. The alpha- and beta-globulins are 
different immunologically from gamma-globulins 
and most anti-bodies have been a,s.sociated with the 
gamma fraction, which increases in amount with 
immunity. In febrile conditions, aljdia-globulins 
largely increases"' Tn lipoid nephrosis, in 
which fibrinogen increases in the plasma, the alpha- 
and beta-globulins also increases whereas the gamma- 
globulins and the albumins are greatly diminished. 
Conversely, albumins and to some extent, gamma- 
globulins are found in lymph and perhai)S in other 
body fluids" in larger amounts than al|)ha and beta 
globulins. 

Beta globulin fractions are often highly coloured ; 
some blue, some deep yellow, some rich in lipoids, 
and some rich in other organic molecules associated 
with this group of proteins. These are precipitable 
by neutral salts or by alcohols' **’ at concentrations 
greater than those necessary for the precipitation 
of gamma globulins. It is possible to characterise 
the proteins as beta or gamma globulitis by electro- 
phoretic analysis of whole serum or plasma. These 
appear to consist of various euglobulins and pseudo- 
globulins. The concentration of beta globulins in 


sera increases in lipoid nephrosis, cirrhosis of the 
liver and other pathological conditions. 

Gamma globulin is the fraction that sei)arates 
by incresaing the concentration of salt or ethanol 
added to plasma after the removal of precipitated 
fibrinogen. Ti.selius (loc, cit.) has ch‘aracteri.sed 
this fraction by electrophoresis. The analysis of 
proteins into clectrophoretically different fractions 
has been most valuable in the characterisation and 
identification of the various globulins. At neutral 
reactions, the fastest moving component of either 
plasma or serum is the albumin. The gamma glo- 
bulins move more slowly in the electric field. 
Certain anti-bodies have been located in the gamma 
globulin fraction. Prothrombin is generally preci- 
pitated from plasma with the gamma globulins and 
its iso-electric point is also near pH 5. The gamma 
globulin fraction contains molecules which have not 
been identified with euglobulins and which may 
therefore be called pseudoglobiilins. 

Albumins . — Albumins arc precipitatcil by com- 
plete saturation with Am-sulphatc. Albumins are 
soluble in water and are precipitated by neutral salts 
or by organic solvents at higher concentrations than 
are most globulins. They are prepared by half 
saturation of plasma with Am-sulphale and the 
albumin in the filtrate is later purified. The iso- 
electric point of serum albumins is pH 4*8 and they 
have far greater electrophoretic mobility than tlie 
globulins. Immunologically they can be sharply 
differentiated from the gamma globulins. There are 
different kinds of albumins in the serum, c.g., carbo- 
hydrate-containing albumin, carbohydrate-free albu- 
min, etc. Enzyme-proteins like choline-esterase, 
phosphatase, lipase, iodine-containing proteins, H- 
hemocuprein, etc., all come with the albumin 
fraction. Many of these remain to be crystallised. 
Their smaller si/.e, larger net charge, lower viscosity, 
more symmetrical shape, associated with their far 
greater .solubility and stability in solution separate 
them in iiroperty and function from the more labile 
assy metric and viscous globulins. 

The albumins are the most stable of the pla.sma 
Ijroieins, far less readily denatured than others. 
Though the albumins rei»eresent less than 60% of 
the i>lasma proteins, they are re.sponsible for nearly 
80% of the osmotic efficiency of the plasma. Its 
stability in solution permits albumins to be easily 
dispensed for transfusion purposes in 25 per cent 
solution which is isoviscous with the whole blood. 
The isoelectric, salt-free albumin can be preparc<l 
as a dry white powder which can be redissolved at 
any concentration and with any diluent. 

Cohn's Fraciions 

The fractionation process that has been developed 
by Cohn (loc, cit,) yields all of the components of 
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human plasma in five major fractions. The mimber 
of fractions has purposely been kept as small as 
possible to facilitate and render larj?:e-scale process- 
ing of plasma economical. The following* di.'igram 
from Cohn (1945) will help in ex])laiiiing the position. 

Fraction I— Fibrinogen (the structural ele- 
ment of the blood clot). 

Fractions II and III -(a) all of the prothrom- 
' bin, (b) all of the immune globulin (for 

which tcjits have been carried out), (c) 
isoheniagglntinins and Rh anti-l^odies (of 
value in blood grouping), (d) all of the 
carotenoids and such part of the choles- 
terol and phosphatids of plasma as apiK'ar 
to be associated with lieta rather than 
alpha globulins, (c) midpiece of the com- 
plement, (/) probably innumerable other 
components of jdasma which are not yet 
recognised by their chemical and bio- 
logical properties. 

Fraction IV— Remaining globulins. 

Fraction V — Albumins. 


P1.ASMA Pkotkixs 

Their Natural Piiiiclions and Clinical IVs iiinl 
Separation into Practions. 
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Tukkapkutic LLses of Plasm.\ Proteins 

Whole plasma or whole scrum, though occasion- 
ally used before this war, is now a regular and 
popular therapeutic agent in the annamentarinm of 
the modern field and casualty surgeon. It is being 
increasingly used in practically all cases of shock 
due to penetrating bullet wounds, crushing injuries, 
acute and subacute hemorrhages whcTe whole blood 
transfusion is not possible, and in .severe cases of 
burns. Modern technique has made it possible to 


store plasma or serum in the ‘li(|uid state’ ready for 
immediate transfusion. In the lupiid slate, how- 
ever, there is the possibility that the more labile 
components, r.g., the protlmunliin and fibrinogen, 
comiilement and the anti-bodies, would <lcteriorate 
with time. This difficulty however can be overcome 
by freezing and drying under high vacuum the 
plasma or serum by a process which has been de- 
scri!>ed as ‘lyopliilizalion*. Dried serum has been 
successfully produced in Calcutta itself at the ‘Blood 
Bank* located at the All India Institute of Hygiene 
and Public Health, and has saved many lives at the 
ca.sualty clearing stations in battle fronts. 

Albumin . — By virtue of their osmotic property, 
the c(|uilibrium between the water and the electro- 
lytes in tlie Iduod and in the tissues is largely (So%) 
performed by this i)rotein. Tlie albumin fraction 
can therefore be easily used as a volume-restoring 
fluid for the treatment of shock, hypoproteincinia, 
a‘deiiia, etc., and can easily replace whole plasma 
or serum for such conditions. Unman scrum albumin 
has also been recommended by the Blood Substitutes 
Sub-committee of llie American National Research 
Council to the aimed forces and like plasma, it has 
been processed in large amounts from the blood 
collected by the American Red Cross. Though this 
is not yet available in India, there is every possibi- 
lity that in the near future, this fraction would also 
be jirodiiccd at the Calcutta Blood Bank. It has 
one great advantage of ‘stability’ fean withstand 
heating to 5o®C for loo days) and as such, should 
be of particular value in tropical climates, where 
preservation of plasma or scrum and its Iraiisporla- 
tion under refrigerated conditions is not readily 
t)ossible. 

As a salt-pfM)r concentrate, albumin offers scope 
for use as a diuretic agent and has already proved 
il.T value in certain types of < edema. 

(iamma globulins . — The control (d certain infec- 
tious diseases with plasma pnUeins has attracted 
attention in recent years. Pooled normal or con- 
valescent ])lasnia has long been used in the control 
of measles or similar infections di.seascs. As many 
of the anti-bodies are present in the gamma globulin 
fractuin of the plasma, it is to be e.vpected that the 
use of concentrated gamma globulins should serve 
the same therapeutic end as the administration of 
convalescent serum. This has actually proved true 
in the prevention of measles and several other virus 
diseases, c.g., infective hepatitis. Of the plasma 
proteins, alxnit ii% i.s gamma globulin. Two frac- 
tions of gamma globulin has been separated, one 
richer in euglobulin and the other (Fraction 11 ) in 
the more soluble pseiuloglobiilin. The latter frac- 
tion reiircsenls approximately 5% of the plasma 
proteins and from the point of view of public health 
administration, appears to be the most important 
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fraction, which will justify in a large measure the 
continuance of the war-time ‘Blood Banks* as im- 
portant peace-time organisations also. 

Fibrinogen, Thrombin and Fibrin Films. — For 
stopiiing the flow of blood, thrombin is the only 
component of the clotting mechanism which must 
be sur)l)lie(l. In the snbfractionation of Fractions II 
and III to yield the gamma globulin anti-bodies in 
Fraction If, prothrombin is automatically first 
separated. This prothrombin may be converted to 
thrombin with human thromboplastin and may be 
kept ready for reconstitution and immediate emer- 
gency use in blood clotting when necessary. 

For the most effective use of thrombin in hemo- 
stasis, however, it is necessary to ap|dy it with a 
matrix which can hold the thrombin in the bleeding 
area until clotting is completed. Such a matrix can 
be prepared from human fibrinogen and thrombin. 

Various forms of fibrin foam can be prei>ared 
suitable for haemostasis in small areas as well as for 
packing large cavities such as tumour beds. Fibrin 
foam has proved very effective in neurosurgery in 
controlling bleeding from the dura mater, tumour 
beds, dural sinuses and large cerebral veins. In gene- 
ral surgery, it has been used successfully in the cut 
surface of liver and kidney in jaundiced patients, 
in thoracic operations and in stopping bleeding in 
hemophilia. The porosity of the material allows 
it to absorb vsater, saline, or thrombin solution and 
it can be used in conjunction with sulphonamides 
or penicillin. For these purposes, three bottles arc 
supplied in practice (j) Thrombin, (2) Sterile iso- 
tonic saline and (3) Fibrin foam. The foam is cut 
into pieces of ai)propriate size in the dry state and 
then soaked in a solution of thrombin before appli- 
cation. 

and licta globulins and Isolicmaggiti- 
linins . — The alpha and beta globulins concentrated 
in Fraction IV have recently been subdivided into 
fractions which are stable and can be dried from the 
frozen state. The ex^ct functions of these globulins 
have not yet been discovered but they can be e^isily 
u.sed as pure and innocuous therapeutic agents once 
their use is found. 

Isohemagglutinins have been prej»ared from 
Fractioiv 11 which arc being increasingly used in the 
typing of blood groups. 

Conclusions 

B\' the cmploynient of newer physico-chemical 
methods to the fractionation of plasma proteins and 
their separation in the form of dry stable powders, 
\vhich can be made to retain all the original bio- 
logical inoperties as present in the whole pla.sma and 
which can be reconstituted at any time, a new 
horizon is getting unfolded before Physiology and 
Therapeutics. Modern physiologists niu.st reorientate 


their earlier views and begin to look upon blood,, 
not just as one of many other tissues (e.g., skeletal 
tissues, muscular tissue, etc.) of the body with one- 
or possibly a group of similar functions, but as a 
very complex tissue with multiple component fac- 
tors, every part of which is destined to perform an 
important natural function. Clearly, therefore, it 
would be an advantage to make available as many 
as possible of its diverse cellular, protein and lipid 
components, in separated and concentrated forms, 
as specific therapeutic agents of value in different 
conditions in the interests of the most effective and 
economical use of human blood. The Hospital 
Casualty Departments of the future, for example, 
need do no more than keep a few bottles of jdry 
human albumin, instead of liquid whole plasma or 
processed dried plasma. Now that the pseudo- 
globulin fractions respon.siblc for immunity in 
measles are available in pure form for direct passive 
immunization, there will no longer be need for 
immunization with convalescent measles serum with 
its concomitant risk of ‘serum jaundice*. As research 
progresses in llicse newer fields, it is expected that 
more epoch-making discoveries would be made, 
which would enable us to utilise blood and all its 
elements and derivatives in the most economical way 
l>os8ible. Blood has. always been considered by the 
primitive mind as the ‘most valuable* fluid, and verily, 
recent researches seem to indicate that each of its 
myriad components is of supreme importance to the 
bod3^ 
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Plants and Plant Science in Latin America — Edited 
by Frans Vurdoorn, Ph.D., XI + 3S4 (with 
83 plates and text illustrations). Waltham, 
Mass, The Chronica Botaniea Co. ; Calcutta, 
Macmillan & Co. Ltd., 1945. Price- $6*00. 

Tlie house of Chronica Botaniea iiiau;;urated at 
Leiden (Holland) in 1935, transferred its activities 
to U. S. A. in 19/JO amidst the turmoil of war and 
since then has been publishing “A new series of 
plant science books** under the editorship of Dr 
Frans Verdoorn. The book under review is the 
Volume t 6 of this series- part 2 of which consists 
mostly of articles (revised) already jiublished in 
Chronica Boianica, Voh. 6 and 7 (1941-42)— and 
deals with the vefictation and natural resources, as 
well as the present status and future of various 
branches of plant sciences in Latin America, with 
the aid of about one hundred authorities in the 
U. S. A., Latin America and other countries. The 
aim of these articles have been to jjive the agro- 
nomist, botluiist, forester, phytopatlioloRist, etc. (in 
all parts of the world) the information which he may 
need when starting? work on the wild or cultivated 
jdants of Latin America. » 

That this subject would be the most apjiropriate 
contribution that could be made at present to the 
improvement of international relations and co-opera- 
tion in the i)lant sciences- a field whicli jiresents in 
Latin America many iiroblems of a Rreat, often truly 
international importance--is elaborated in the intro- 
ductory essay entitled, ''The Plant Sci<*nti.st in the 
World's Tunnoir* by the editor himself and is 
briefly summarized elsewhere (see JsciKNCK ani> 
CiTLTURK, /J, 247. r 945 ). 

Special features are the plates often re|)roduccd 
from classical publications and i)art I of the book. 
The latter provides extensive introductory chaj)ters 
on "Some Problems of Tropical American Agricul- 
ture*’ by Popenve ; "A phytogeofi:raphic .sketch of 
Latin America" (with several maps) by Johnston and 
vSmith ; "Principal Economic Plants of Tropical 
America** by Fosberg (dealing with food plants 
—native and introduced) ; Spices and flavor ; per- 
tumes ; beverages, .stimulants and narcotics; phar- 
maceutical plants ; insecticides ; oil plants, vegetabh 
dyestuffs ; fibre plants ; timbers ; fuels, latex-yielding 
plants, etc.) ; "Hi.storical Sketch" of botanical pro- 
gress by Pennel ; and also regional descriptions of 
almost all the Latin American provinces, e,g,, one 
Goodspeed (who organized)^ numerous expedition 
8 


to Andes) "on the xegetalion and plant rc.soiirces of 
Chile*’. 

Chai)ters of a gtmeral (non -regional) interest of 
Latin American countries deal with geological and 
paleobotaiiical facts by Darrah ; Ethuobotaiiy (a new 
subject and throwing much light on the interrelations 
of primitive man and plants) ; climatology and 
meteorology by vStone ; .soils and soil conservation 
by Pendleton and Bennett ; Forestry by Beven ; 
problems and procedure of Hevea rubber culture by 
Rands ; Plant pathology and medical mycology by 
Muller and Emveous, etc. "Notes on Cincliona 
Culture" by Peuuock dealing with its nomenclature, 
cultural oi)eralions, control of diseases, grafting, as 
also experiments to acclimatize the plant in new 
area, to hybridize, and to see the effect on the alka- 
loid content of the bark by colchicine treatment, 
may be read with [>rofil by (juinologisls in India and 
elsewhere. 

There are special supplements— -one by Krug 
who reports in detail on plant breeding, genetics and 
cytology in Central and South America and the other 
by Verdoorn containing addresses of plant science 
institutions, stations, museums, gardens, .societies 
and commissions classified on a regional basis, so 
that any one interested may profitably contact. 

In addition to data in his own field, the specialist 
will find much useful and stimulating information 
on vegetational and agronomic problems in general, 
on the organization of research, principal Latin 
Aiiiericaii plant science periodicals and address list 
of research workers. 

A list of travel books of botanical interest and 
of plant collectors and location of botanical collec- 
tions of Latin American plants by Dr Lanjouw (pre- 
pared under difficult circninstances) .shows the use- 
fulness of such as "Index Herbariorum", as an in- 
valuable guide to all engaged in taxonomic research. 

A note on the conservation of Nature in the 
Americas by the Chairman of the Pan-American 
Comtnittee for wild life protection with detailed 
information of Pan-Ainei'ican "National Parks", 
"National Re.serves", "Nature Monuments" and 
"Strict Wilderness Reserves" is a subject of inter- 
national importance. 

We have nothing but admiration for the case 
with which weighty matter is handled throughout 
and we wish that similar books be written dealing 
with other countries and if such books were to 
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approach the readability of Verdoorn*s, we will not 
complain. 

The publishers should be conj^ratulated on the 
.neiieral excellence of the Ket-up. 

J. K. a. 

A Class-Book of Botany -(for intermediate and 
medical students) by A. C. Diitta, Sixth Edition 
(Revised and Enlarged). Pp. XIV i-/|64 with 
575 text fijiurcs. Oxford University Press, 
Calcutta, 1045. Price— Rs. 7/8/-- 

This text book of Hotany has .stood the test of 
lime. Teachers and students will welcome this sixth 
edition of an already vvidely-iised text books, exactly 
suited to the requirements of the intermediate and 
medical examinations of the Indian universities and 
lho.se familiar with the previous editions will readily 
reco^fiiize the improvements brouj^ht about by a com- 
plete revision of the subject-matter. 

The text for the phanerogams has been profusely 
illustrated with many new, neat and accurate dia- 


grams and sketches from Indian examples in an 
attractive manner but those on the cryptogams are 
not similarly illustrated. It is high time that text 
l>ooks on Indian botany should be written, based on 
the life-history of types indigenous to India. 

The names of common Indian plants in different 
l)rovincial dialects have been cited and this is one 
of the chief features that further distinguishes this 
book from the rest of its kind in India. 

Prof. Dutta with his long experience as head of 
tile departments of Botany and Biology at the Cotton 
L\)llege, Oauhati (Assam), responsible for the teach- 
ing of Botany and Biology and as an examiner of 
the Calcutta University, has spared no pains to in- 
corporate the results of recent research and to render 
the subject up to date lucid and methodical, thus 
providing a well-laid foundation for the ai)preciation 
of higher botany. 

The iniblishers deserve to be congratulated for 
the get-up of the book, specially the print and neat 
diagrams, in spite of war-time restrictions. 

A. K. a. 


LETTERS TO THE EDITOR 


[The editors are not responsible for the views expressed in the letters,] 


VARIATION IN THE • FMBRYONIC MOVEMENTS 
DURING THE PROCESS OF HATCHING IN 
LABEO ROHiTA AND CIRRHINA MRiCALA 

Thk study of the development of the carps has 
been made to certain extent by the researches of 
Khan,‘ Ahnied^ and Mookerjee,’^ but up till now none 
of them has recorded the exact movement of the 
embryos. The present note is to give the details of 
the embryonic movements in both Labco roliita and 
Cirrhina mrigala commencing from the starting point 
onwards upto the time of hatching. 

During our stay at Chandrakona Road Station 
in the district of Midnaporc in the month of June, 
1945 we have had the opportunity to observe the 
spawning of carps in the neighbouring confined 
breeding grounds or bundhs (Mookerjee)."* We have 
collected the eggs of Labco rohita and Cirrhina 
mrigala for the sake of studying their life histories 
and after sorting them carefully, following the 
measures adapted by Khan*^ and Mookerjee® observed 
.them; at. intervals under the binocular dissecting 
; micj;pscope . 


We have observed about 300 eggs of botli tlte 
species at different stages and the first sign of niovo- 
ment has been Miarkcd in both at near about 12 hours 
since fertilisation. The nature of movement at this 
stage is very feeble and is restricted to mere tlirob 
biiig only. The movement becomes more vivid as 
the embryos grow old. The observations regarding 
the si)ecilic variation in the movement of the embryoN 
before and at the time of hatching have been recorded 
below. 

At about the 14th hour since fertilisation the 
embryo of Labeo rohita starts swimming in the i)cn- 
vittelline fluid within the egg case. During this 
process it keeps its ventral surface upwards and 
remains obliquely with head downwards (Fig. i). 

The swimming stroke starts from the caudal c?nd 
and the tail after beating against the yolk sac 
deflects upwards with a considerable velocity until 
it reaches the cephalic end. The movement is con* 
. tiuuous. and becomes more vigorous as it approaches 
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When the embryo reaches the stage just before 
the hatching a marked change takes place in con- 
nection with its movement and the position within 
the egg case. Instead of keeping the ventral surface 
upwards and the body placed oblicjuely with head 
downwards it becomes almost liorizontal with ventral 
surface downwards and moves lopsy turvily knock- 
ing at every point within the egg case with tlie 
virulent strokes of the tail (Fig. 2). 



/ \ 

/ \ 

/ \ 

/ \ 
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Diagramiiialic ruprcseiilatioii of Lint liaU’hing inovo- 
ineiits ill ImIh'o rohiltJ and C irvhiiui iniifnilo. 

1. 1st stage of inoveiiiciit in /-. roltita ; la. Corres- 
ponding stage in C. nirifiala; 2. Pinal stage of inove- 
nient of the eiuhryo at the time of hatching in 
L. roliitiJ; 2a. CorrespoiKling stage in iinii^ala. 

At about the i7tU hour the euiliryo comes out 
and at the time of hatching it always tries to break 
the egg case by striking it with the splashing of the 
tail. When a kit is thus formed to the egg case* the 
embryo comes out through it by its head end. 


Name of the Compound 


Methylene-bis-.sulphaiiilamide 
Ethy !eii e-bi s-su' phani latnide 
Trimethyleue-bis-sulphan i lamide 
Tctramethylene-bis-sulphanilamidc 
Pentamethylene-bis-sulphanilamide 


The embryo of C irrlihia mrigala starts swimming 
in the peri vitelline fluid in the iieriod between 13th 
to r4th hours since fertilisation. Within the egg case 
it usually remains horizontal and continues swimming 
either on its side or kecpnig the ventral surface down- 
wards. The swimming strokes are not .so vigorous as 
that of Labco roliita. The stroke of the tail .starts from 
the posterior end of the yolk sac and ends when it 
reaches upto the long axis of the body. The tail 
seldom reaches the cephalic portion and the embryo 
shows to and fro movement which begins at regular 
intervals (Fig. la). 

The embryo hatches out between lO to 18 hours 
since fertili.sation. At the time of hatching the to 
and fro movement becomes more rapid and the 
embryo i)okes the egg ca.se vsuccessively at a few 
points only with the head till a slit appears. After 
the* appearance of the slit it e.scapes through that by 
the head like iMbeo roliiia (F'ig. 2a). 

n. K. M(K)KKRJEK 
n. N. ri.vMUTij. 

M. I SI. AM. 

Dept, of Zoology, 

Calcutta University, 

Calcutta, 3 -g-rQ 45 . 

' Khan, fl., Proc. Imi. Aviul. Sci., 18, III, M3, 1943. 

" Ahmed, N., Proc. Nat. /;/.s. Sci. ind., 10, .M3, 354, 1944. 

' .Ahiok.^rjce, 11. K., vSciiiNCE \Ni» I'rr/rrRK, lO. 400-402, 1945. 

' Mixikerjec, H. K., Sciknci- am* Ci'i/rrui., II, 4S, 1945. 
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SOME N*. AND N'-ALKYLENE-BIS-SULPHANILAMIDES 

Crdssmsy, Northey and Hultqiiist,* and iVorthcy 
and HiiUquisU prepared i ; 2-l)i.s-sulphanilaiiiido- 
'ethaiK* by reacting />-acetaminobeii7.eiie-.siilpliochlo- 
ride with ethylenediamine and reported it to be of 
somewhat limited pharmacological activity. The pro- 
mising pharmacological action of N'-dodecyanoyl 
sulphanilamidc’’ indicated that it would be worth- 
while to make a systematic study of bis-suli>hanila- 


j M. P. 'of N'-sub.stitulfd 
I compouiKK 

(CIU)„ 

NH-C.H,-S(),-NH / 


°C 

296® (dcToinp.) 
228-229® 

170® 

150® 

142® 


M. 1*. of N*-.sub.slituled 
eonqiounds 


\nh-c,h,-.so,-nh. 


OC 

198° 

204° 

180° 

138° 

155° 
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rnides liuked at N'- tuid N^-positions through an 
alkylene chain. 

By refluxing the potassium salt of />-acetaniino- 
benzenesulphanilainide with excess of different 
alkylene dibroinides, and subsequently removing the 
excess of the dibromide by steaming, the acetyl com- 
pounds were obtained which were hydrolysed to the 
corresponding -substituted alkylene bis-sulphanila- 
niides given in the table. 

The N ‘-substituted alkylene bis-sulphanilaniides 
(also listed in the table) were prepareil by heating 
.sulphanilamide with excess of resj^ectivc alkylene 
dibromides under reflux, and neutralising the 
liberated liydrobromic acid from time to time with 
anhydrous sodium carbonate. 

For the jireparation of both N‘- and N^-metliy- 
lene bis-sulphanilamides the reaction with methylene 
dibromide was conductcil in a closed vessel under 
pressure owing to its volatility. 

H. L. Bami 
B. II. Iykr 
P. C. Guiia 

Organic Chemistry Laboratories, 

Dept, of Pure & Applied Chemistry, 

Indian Institute of Science, 

Bangalore, 4-9-1945. 

* Crossley, Nortliey and Huttquist, /. Amcr, Chem. Soc., 
62, 532, 1939. 

* Nordiey and llurquist, Amer. Chem. Absl., U. S. Patent 
No. 2258162, 1942. 

^ Crosslcy, Nortliey and Hultquist, J. Amcr. Chem. Soc., 
61. 2950, 1939. 


SOME N^~AND N^-HETEROCYCLIC-ACYL 
SULPHANILAMIDES 

Sulphanilamide derivatives like sulphapyridine, 
sulphathiazole and sulphadiazine having heterocyclic 
substituent at N ‘-position have found wide applica- 
tion in chemotherapy. With a view to making a 
systematic study of the effect of ‘heterocyclic-acyr 
substituents at N‘- and N*-positions, sulphanilamide 
(SA) or j[)-acetannnobcnzene-sulphochloride (ASCL) 
or the potassium salt of />-acctaininobenzene-sulphona- 
mide has been made to react with (a) quinolinic acid, 
(b) diethyldihydrocollidine dicarboxylate, (c) collidine 
dicarboxylic acid, (d) chelidonic acid, (e) chelidaftiic 
acid, if) furaii-dicarboxylic acid, (g) oxalodiglycollic 
ester, (h) diethyl-furo-3 : 4-](>-dioxane-2 : 5 -dicarboxy- 
late, (i) cantharidin, (j) thiodiglycollic ester, and 
(k) diethyl-thiene-3 : 4-/)-dioxaiie-2 : 5-dicarboxylate, 
cither in the form of acids or esters or acid chlorides, 
as the case may be. N’‘-P'uroylsulphapyridine,* N'*- 
and N‘-nicotinylsulphanilamide,‘» ^ N^-quinolinyl- 
sulphanilamide" and N^-2'-pyrrolidone-5'-carboxy-4- 
aminobenzcnc-sulphonamide,'^ arc reported to be 
chemo therapeutically active . 

When (SA) reacts with the anhydride of quino- 
linic acid, compound (I) is formed, which on treat- 
ment with thionyl chloride yields (II) apparently 
through the formation of the acid chloride of (I) and 
subsequent elimination of hydrochloric acid. When 
(SA) reacts with quinolinyl dichloride in the absence 
of any solvent, compound (III) is formed. When 
heated under vacuum (b) condenses with two mole- 
cules of (SA) yielding compound (IV), wliereas 
fusion of (SA) with collidine dicarboxylic acid and 
not its ester, yields (V). Fusion of (vSA) with (<?), 
(/) and {i) yields the products (VI), (VII) and (X), 
rcsi)cctively. Fusion of (SA) with the dicsters (g)i 
(h), {j) and (fc) under vacuum gives the inoducts 


No. 


Name of the Coiripouiuls h'oriiicd 


M.l*. 


I Pyridiiie-2-carboxy-3-carbo-NVsulpliaiiilamide 

II Pyridine-2 •.3-dicarl)o-N^-monosulphanilainide 

III Pyridine-2 :3-dicarbo-NMisulplianilamide 

IV I)ihydrocollidine-3 :5-dicarbo-N*-disiulph:inilamide 

V Collidine3 :5-dicarlx)-N*-disulphanilamide 

VI Pyridon-2 :6-dicarbo-NMtsulphanilamide 

VII Furaii-2 :5-dic.arbo-N‘-disulphanilaniidc ... 

VIII 3 : 4-Dihydroxy furan-2 :5-dicarIx>-NMi£uFhani’amide ... 

IX 3 :4-Kihylonedioxyfurane-2 :5-dicarbo-N*-disulphanilamide 

X 1 :4-Kndoxycyglohexatie-2 :3-diiiiethyl-2 :3-dicarbo-N*-sulphanilamidf 
XT 3 : 4-Dihydroxy thieno-2 :5-dicarlx)-NMi5‘Ulpha’iilamide 

XII 3 :4-Ethylenedio.xythieuo-2 :5-dicarb3-NMi.sulplianilannde 

XIII 2-Carboxy-furan-5-carbo-N‘-act:t\Isulphanilaniide 

XIV N-^-sulphonaiiiidophtnyl-4-(^-amiiiophcny’sulphoniniino-chelidaniic acid 
XV N-^-siilphoiiainido-dietiyl-4-(^-aniinopheny'pulphonimino-l :4-dihydropyridinf 

XVI Pyridiiic-2 :3-dicarbo-N'-diacetsulph.TniIamide 

XVIT N-(N‘-sulphanilyl)-dihydrocollidine-dicarboxylic acid 

XVni N-(N'-acetsulphanilyl)-chtjlidamic acid ... 

XIX N-(N’-.sulphanilyl) chelidamic acid 


Melt.s at 210°, solidifies ik 
remells at 260° 

310-311° (decomp.) 

293° (decomp.) 

285° (decomp.) 

260° (decoinp.) 

322° (decomp.) 

255° (decomp.) 

Shrinks at 250° and decoiiip- 
Decomposes above 275° 

234° 

Decoinpo.ses 

do. 

230° 

163° 

210° (decomp.) 

308° (decoiiip.) 
above 300° (decoinp.) 

227° (decomp.) 

255° (decomp.) 
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(VIII), (IX), (XI) and (XII), respectively. (SA) 
reacts with the pyrone and keto oxygen of cheli- 
donic acid in preference to its carboxylic groups 
yielding (XIV) which on decarboxylation yields (XV). 

When (ASCI) is condensed with (6), product 
(XVII) is formed by the elimination of HCl and 
simultaneous hydrolysis of acetyl and ester groups 
which are made apparent by the formation of ethyl 
acetate as a reaction product. Product (XVIII) is 
formed by the condensation of (ASCI) with (c) in 
pyridine and is hydrolysed to (XIX). The presence 
of in products (XIV), (XV), (XVII) and 

(XIX) has been proved by diazotisation and coupling. 

When the potassium salt of /j-acetaminobenzene* 
sulphonamide is condensed with the acid chlorides 
of (/) and (a) the compounds (XIII) and (XVI) are 
formed respectively. 

Full paper will be published elsewhere. 

B. C. Jain 
B. H. Iyer 
P. C. Guha 

Organic Chemistry Laboratories, 

Dept, of Pure & Applied Chemistry, 

Indian Institute of Science, 

Bangalore, 4-9-1945. 

’ Koloff and Hunter, J. Amer. Chem. Soc., 62, 1646, 1940, 
’’Daniels and Iwamolo, /. Amer. Chem. Soc,, 62, 741, 1940. 
‘ Hvkes et al, Compt. Rend. Soc. Hiol., 126, m, 1937, 

‘ Oray et al, Hiochem. J„ 31, 724, 1937. 


A NOTE ON THE INVESTIGATION OF RADIOACTIVE 

MINERAL V/Z.. ZIRCON, TO DETERMINE ITS 
GEOLOGICAL AGE 

The hafnium content of the mineral zircon from 
Travancore has been found out by three indei)endent 
methods of which two are physical and the 
other, a chemical one. Although the chemical 
method is the most accurate one the results obtained 
l>y three methods namely, (a) Density method,' 
(6) Polarimetric method* and (c) Ammonia estima- 
tion of the double flouridcs of zirconium and 
hafnium, agree fairly well and the percentage of 
hafnium as hafnium dioxide is about i%. 

The amount of lead present in the mineral has 
been estimated by Dithizone method and has been 
found to be ’006 — '007%. 

The complete chemical analysis of the mineral 
gives the following results : 


SiO, ... 


... 32-97«., 

ZrOa-l-HfO, 

. . 

... 6506 

CaO ... 


... 00-30 

Fe,0, ... 


... 00-26 

A1,0, ... 

Total 

... 1-30 

.... 99-98 


It has been found that the mineral is very feebly 
radio active and so attempts were made to estimate 
the uranium content of the mineral by means of 
flouresceiice of uranium with NaF*. Qualita- 
tively uranium was detected but thorium was absent. 
As the uranium content is extremely small and the 
chemical method ineffective, we are now trying 
to determine the quantity of uranium by radio-active 
method and further work is in progress. 

Barun Chandra Haedar 
P. B. Sarkar. 

Inorganic Chemistry Laboratory, 

University College of Science Technology, 

Q2, Upper Circular Road, 

Calcutta, 21-9-1945. 

‘ Hevesy and Rerglniid, J. Client. Soc., 125, 2372, 1924. 
“Grant Vornimont and Tlionin.s De Vric.*^, ]. Am. Chem. 
Soc., 57, 2386, 1935. 

“ Heniegger and Uertakarlik, Sitz. ber. Wien.. 

124, 217-26, 1935. 


CONCENTRATION OF RADIOACTIVE PHOSPHORUS 
(P'“) FROM CARBON DISULPHIDE 

P* having a convenient life period and giving 
out P-vays of considerable energy has been exten- 
sively employed in bioi>hysical works. Many inves- 
tigators have directed their attention to its prepara- 
tion and concentration from 8®* by neutron proton 
reaction. 

Hevesy' first employed carbon disulphide as a 
convenient source for the preparation of radioactive 
phosphorus. A few mgm. of yellow phosphorus was 
dissolved in carbon disulphide before irradiation and 
after a few days of bombardment the C82 was dis- 
tilled off and the idiosphorus in the distilling flask 
was oxidised and fnially converted to Na2HP04 for 
tracer studies. Hevesy*s method consists in the first 
place of a distillation and secondly a rather tedious 
process of estimation of the normal P liscd as carrier 
for the purpose of a quantitative study. The other 
methods* namely the collection of the active product 
in the precipitate and the oxidation of P to H3PO4 
and subsequent extraction with water also requires 
a quantitative estimation of normal P used as a 
carrier. The electrical deposition method of J. 
Govaerts® cannot be used in biophysical tracer studies 
because of the pos.sibility of the electrode material 
coming out as impurity along with the active deposit 
during its collection from the electrode. 

In view of these difficulties the present authors 
tried to concetitrate active P* from CS3 by avoiding 
the use of normal P as carrier in the way used by 
others. 
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One litre of CS^ vvas taken in a flat bottoinetl 
litre flask and tlie source (40 ingin. Ra + Be) encaged 
in a glass tube which runs tlirough a cork fixed at 
the mouth of the flask was placed at the centre. 
After irradiation for a few days, the source was 
removed and the radio phosphorus formed was oxi- 
divSed to HaPO, by adding a few drops of bromine. 
A few c.c. of standard phosphoric acid was then 
added and the mass was thoroughly shaken. The 
lIiPO^ was afterwards extracted with water. P^our 
extractions, each w ith 75 c.c. of water, were recpiired 
to remove all the activities from carbon disulphide. 
Tile aep extract was evaporated and neutralised with 
standard NaOH solution to mono, di, or tri-sodium 
phosphate as may be recpiircd. The number of 
counts per minute w^ere as follows:- 


Days 

Counts /min. 

8 

... t,6oo 

1(1 

... 2,650 

21 

••• . 3,375 


The data fit well with the theoretical time vs. 
yield curve wdiich is hyperbolic in nature. 

The sjjecial features of this method may be 
stated as follow\s : — 

(«) A complete and easy removal of radio phos- 
phorus from a large amount of CvSo within a short 
time (i hour). 

(b) The amount of normal ifliosphorus is known 
without taking the trouble of estimation which saves 
time and loss of radio phosphorus involved in ana- 
lysis. 

(r) A preparation of any desired sp. activity can 
be obtained. 

(rf) The product is practically free from organic 
matter and other imijurities that might interfere 
w ith biophysical studies. 

The details of the work will be published else- 
where. 

In conclusion the authors express their sincere 
gratitude to Prof. M. N. Saha for his kind interest 
and encouragement. Thanks are also due to Prof. 
P. Ray for many helpful discussion and criticisms. 

N. N. 1)as(;upta 
B. C. PURAKAYASTHA 

S. N. Giioskai., 

H. B. Skn. 

Bioi)hysics Department, 

University College of Science, 

Calcutta, 28-Q-IQ45. 

' Chievtz and Hevesy : Nature, 136, 754, 1935. 

* (o) Maier-I.eihnitz Chem\, SI, 545, 1938. 

(b) (). Hrbaclicr ; Phystk. Chem., B 42 , 173, 1939. 

(c) D. R. Hull ; J. A. C. S., 63, 1289. 1941. 

* j. Oovaerts, Nature. 141 , 871, 1938. 


A NOTE ON THE SECONDARY ASSOCIATION OF 
CHROMOSOMES AND THE BASIC NUMBER IN 
CORCHORUS CAPaULARlS WILLD 

NandP (ig37) reports that in Corchorus capsu- 
laris the maximum a.ssociation of secondarily asso- 
ciated bivalents in metaphase I is two groups of two 
bivalents, the other three remaining separate and 
consequently suggests that the basic number in C. 
capsularis is 5 and the present number n = 7 is 
secondarily l>alanced. He also mentions that the 
cultivated varieties of jute are usually regarded as 
diploids without giving adequate cytological evidences 
in favour of such a contention. 



Pig. 1 - 

Metaphase I showing secoiulary {isson|ation ol bivalents 
(x3000) 1 Drawn with a camera Incida at lalile level | 


In course of cytological invCvStigations in Cor- 
chorus ciipsularis the author made some interesting 
observations. It has been found that an association 
of two groups of two and one group of three bivalents 
(Fig. i) is quite common in a large number of mother 
cells, but the maximum association observed in a 
few cases is one group of four and another of three 
bivalents (P"ig. 2) indicating that the basic number 
is 2. 

From a critical study of the morphology and 
number of nucleolar chromosomes and the nature ot 
secondary association it appears that the basic number 
in C. capsularis is 2 and not 5 as suggested by Nandi 
ii This will be dealt with in detail in a sub- 

sequent paper. 

In the exidaiiation of Fig. 2 showing the meta- 
phase of C. capsularis Nandi (1937) describes the 
pairs of bivalents to be 'secondarily attached*, but 
attachment of bivalents in metaphase goes against 
the fundamental conception of the theory of secondary 
as.sociation. 

J/vyanta Kumar Oangui.v. 

Cytogenetical Laboratory, 

Bose Research Institute, 

Calcutta, 1-10-1945. 

' Nandi, H. K., Trisoniic Mutations in Jute. Nature, 
973-974, 1937. 
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THE RAMAN SPECTRA OF ACETONE AND DIETHYL 
KETONE IN THE SOLID STATE 

In coutinuation of our investifjations’ on the 
Raman si)ectra of organic substances in the solid 
state at low tenii^erature the Raman spectra of 
acetone and diethyl ketone have been studied in the 
solid state at about - i7o°C and in the liquid state 
at room temperature. The results obtained are 
^4:iven in Tables I and II. 


TABLE I 
Acktonk 


Liquid at 

room temp. 

Solitl at 

about 

A </ 

in Cm-' 1 

A 

in Cm- 

392 

1 ; e 

95 

(lb): f 

487 

0; e 



528 

(3) ; e, k , 



790 

(10); e, k ' 

800 

(3) ; e, 

903 

(0) ; e, k 



1062 

(1) ; e. k 

1062 

(0) ; e, 

1222 

(2); k 



1425 

(4b) ; e, k 

1430 

(1) ; 

1705 

(5) ; e 

1702 

(1); e 

2690 

(0) ; k 



2857 

(Ob) ; e, k 



2923 

(10) ; e, k 

2925 

(5) ; c, 

2964 

(3) ; e, k 

2976 

(3) ; c 

3006 

(3); e, k 

3008 

(3) ; e 


TABI.E II 



Dibthyi, 

Kktonk 


Liquid at 

Boom temp. 

11 Cin-‘ 

Solid at 

about 170®C 

A V" 

A V 

95 

in Cm-' 

(2b) ; k > 

404 

740 

(3b) ; c, k 
(2b) ; e. k 

417 

(Ib) ; e 

78t) 

(2b) ; e, k 

786 

(1); e, k 

950 

(lb) ; e, K 

950 

(lb), e. k 

1015 

(lb); c, k 

1005 

(01)) ; e, k 

1093 

1238 

1271 

1418 

(4) ; e, k 
(2); k 
(0); k 
(2) ; e. k 

1093 

(1) ; e, k 

1460 

(3) ; e, k 

1 1460 

(I); e, k 

1704 

(5); e 

i 1705 

(lb); e 

2891 

(10b); e, k 

2890 

(Ob) ; k 

2942 

(10 );c, k 

■ 2918 

(2) : c. k 

2988 

(6) ; e. k 

' 2948 

2982 

(4); e. k 
(3) ; e, k 


It Avill be observed from Table I that many of 
the Raman lines of acetone undergo changes in 
intensity and frequency with the freezing of the 
liquid. The line 1705 cm due to C = 0 diminislus 
in intensity considerably in the solid state and the 
line 528 cm“* disappears completely, although the 
fainter line 1,062 cm*' is visible in the spectrograms 
due to both the liquid and the solid state. The lines 
700 cm*’ and 2,964 cm”' shift to 800 cm"' and 


2,970 cm ‘ respectively in the solid state and the 
line 1,430 cm ' observed in the solid state seems to 
be weaker than in the li<iuid state. All these fads 
.suggest that there is .strong ass(X'iation of the mole- 
cules in the s()lid state. It is not certain whether 
the line 95 cm'* observed in the solid .state is a 
genuine one, because there seems to be a llg band 
in this position in the neighbourhood of A 404 6. In 
the ca.se of diethyl ketone also, the lines undergo 
changes with the .solidification of the liquid. In this 
case the lines due to C- H vibrations undergo con- 
siderable changes. 'I'lie line 1,418 cm ' disappears 
complcteh’ and the line 2,801 cm ' is .split up into 
two lines at 2,890 cur ' and 2,018 cm '. Also the 
line 404 cm ' shifts to 417 cm ' in the solid state. 
These facts sugge.st that the molecules arc strongly 
associated in the solid state through hydrogen bonils. 

These results as well as lho.se obtained with 
higher ketones will be di.scussed in a pajicr elsewhere. 

S. C. SlRK.\K 
B. M. Bisuui 

Physics Department, 

University College of vScienco, 

Calcutta, 

and 

Indian A.s.sociation for the 
Cultivation of Science, 

Calcutta, 

2-10-1945. 

‘ Sirkar, S. C. and Bi.diiii, B. M.,- l*roL. Nat. luat. Sot\, ti, 
287 , 1943 . 


EFFECT OF VERNALIZATION AND PHOTOPERIOD 
ON LATE SOWN AMAN PADDY— II 

An earline.ss of flowering in rice by short photo- 
periodic treatments have been recorded by Aland 
and more recently by Sircar^* *, Sircar and Parija'*, 
Kar and Adhikary'. Kar and Adhikarv al.so recorded 
a lateness in long photoiieriodic treatments in a 
number of varieties .sown in the normal sowing 
time, tlie plants being exposed to long light treat- 
ments when they were 68 or more days old. 
Authors* observed that in Bhasamanik paddy, pre- 
sowing low temperature treatment and exposing the 
seedlings is to short photoi)eriods delayed flowering, 
when sown late in September. The effect of expos- 
ing the late sown .seedlings to h)ng photoperiods is 
reported here. 

Four high yielding varieties of Aman, viz., the 
medium maturing Bhasamanik ami Indrasail and the 
late maturing Kumargar and Tilkacliary were tested. 
The seeds were sown on 15th September in flat 
earthenware pots with two replicates per treatments. 
Exposure to longer light period was given from a 
500 c.p. electric bulb at a distance of i m. commenc- 
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ing before sunset, making up a total photoperiod of 
i6 hours a day for one month. The seedlings were 
then transplanted to suitable earthenware pots, there 
being 5 pots per treatment and 4 plants per pot. 
Emergence of first ear was taken as the date of 
flowering. The results are given below : 


periods* were not observed in the present cases of 
exposure to Idng photoperiods. The results indicate 
that in the late sowings of Ainan paddy, when the 
plants are normally exposed to photoperiods of less 
than 12 hours, long photoperiods in seedling stage 
tend to induce early flowering. 




Dale of 

Vegetative 

Difference Control 



flowering 

perioii (days) 

and Trealtd 

Hhasuinaiiik (mediuin) 

Control 

17 N(jvemlx*r 

63- 12 ±-62 

-f6-96* 


Treated 

10 Novembi'r 

56* 16 ± -36 


Indrasail (medium) 

Control 1 

8 November ✓ 

54-20 ±-41 

-f-l-93* 


Treated ! 

6 November 

52-27 ±-.59 


Kumargar (late) 

Control i 

19 November 

65-55 ±-38 

-f5-79* 


Treated | 

14 November 

59-76 ±-62 


Tilkachary (late) 

Control j 

12 November 

58- 17 ± -20 . 

■±0-53t 


Treated | 

11 Novemtier 

57-64 ±-29 



• significant at 1% level. 
tvSignificant at 5% level. 


If tile controls of the different varieties are com- 
pared it is seen that in the late sowings, the usual 
difference in flowering time is not always maintained, 
the late maturing Tilkachary flowered earlier 
than the medium maturing Bhasamanik. Exposure 
to long photoperiods tend to induce early flowering 
in all the varieties. The earliness is very small and 
insignificant in Indrasail and Tilkachary and more 
pronounced in Bhasamanik and Kumargar. Dete- 
rioration of vegetative growth and general vigour 
reported in the case of plants exposed to short photo- 


J. C. Skn Gupta 

Botany Department, Ntrai> Kumar Sen 

Presideticy College, 

Calcutta, 2-io-ig45. 

* Alam- Scientific Report of Rice Research Station, Saljour, 

Bihar, 1940-41. 

•Sircar, S. M, fourn., Ind, Dot. Soc., 41, 1942. 

•Sircar, S. U.— Nature, 378, 1944. 

* Sircar, S. M. & Parija, K—Proc. Ind. Sc. Con., 104S. 
‘Kar, B. K. & Adhikary, A. K.— SciRNCK and Cin.TrkK, sm, 

1945. 

•Sen Gupta J. C. & Sen, Nirad Kumar-- Scirnce am» 
CmTURR. 556, 1944. 
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PLANNING OR MUDDLING ? 


"pjVER since the Indian National Con^jress started 
the National Planning: Committee, planning has 
become a catchword and a slogan in India, and 
within the last two years, the country has been 
flooded with any number of iflans, from all quarters. 
There are plans by syndicate of capitalists like the 
Rombay Plan ; plans by persons obviously aspiring 
to be ministers or obtain some high ministerial job ; 
plans bv private enthusiasts, and plans by Govern- 
ment officials. The latest is the Bengal Government 
Plan which has been issued in the form of a book 
from the Government Secretariat. It is not stated 
how this idaii was evolved, but evidently its author- 
ship is for the most part to be ascribed to the members 
of the Indian Civil Service, who, in the absence of 
the popular ministry, are now running the Govern- 
ment of Bengal. They might have employed a few 
scientists and technicians, but evidently the Civil 
Service provided the philosophy and the direction. 

Such enthusiasm for planning is highly com- 
mendable, for out of continued discussions emerges 
wisdom. But it is necessary that some criteria or 
directives should be laid for the guidance of the 
planners, for incomplete, hollow or one-sided plans, 
as many of the plans before us appear to be, are 
worse than none at all. They only darken the 
counsel. 

Probably the following may serve as proper 
directives to planners: 

(i) Every plan must be total ; i.c., it must not 
confine itself merely to one aspect of the Nation’s 
activity such as agriculture or primary education, 
but should embrace all aspects : agriculture, industry, 
education in all stages, public health, food, shelter, 
defence, communications, distribution of wealth, 
labour, employment, social service, and movements 
of the people, and probably a few more items. 


(2) Every plan must give a clear ol)jcctivc 
analysis of the present situation in all the aspects of 
Nation’s life as given above. 

(3) The plan must aim at a definite target to be 
reached within a specified period of time, and shall 
state the methods, administrative and financial, by 
which they hope to reach the target. 

(4) The schemes proposed should be arranged in 
the proper order of priority. 

Most of the plans so far produced fall far short 
of the criteria laid down here. 

The Bengal Plan is no exception. As will 
appear from a summary of it given in a subsequent 
article by Mr T. K. Basil, the plan gives no objective 
picture of the present situation in Bengal. It deals 
only with a few aspect of the Nation’s activity. In 
the words of the jdan itself: — 

**There are some, obvious gaps in the pl.aii. There are 
no schemes for town-planning, fo’* hydroeleclrio or thermal 
power development (except for a survey of such resources) 
for industrial pbmning e.xccpt as falls within llu: scope of 
the provincial government, though some of them, except 
power development are under consideration.” 

These are not gaps, hut yawning chasms! 

Regarding the objective the plan says : 

*‘Tlie object of the plan is to raise the standard of the 
common man, to promote his wcll-hcing and to provide, 
incidentally for the task immediately ahead,— the resettle- 
ment of the returned soldier. Agriculture is the backbone 
of rural economy, indeed of Indian economy. Hence, any 
plan for rai.sing the standard of living in India must 
necessarily concern itself predominantly with raising the 
.standard of living of the inh.al)itnnls of her 660,000 villages, 
that is, with the development of her agriculture. So it is 
with Bengal’ \ 

This is the central idea of the plan and a rather 
catching idea for the uncritical reader and looks 
curiously like the Gandhi- Agar wal-Kumarappa plans 
in its insistence on village life, agriculture, and 
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omission of industries ; measures of improvement of 
education, transport, irrigation, communication, 
waterways and administration which have been 
proposed arc all incidental to the central idea. 

The plan entirely ignores higher collegiate and 
University education, probably because they are con- 
nected with town life. Higher technical and indus- 
trial education arc also ignored, except a casual 
reference to a scheme for the improvement of the 
Bengal Engineering College at vSibpur which is said 
to be on the way, but the contents of the scheme 
are not disclosed. 

In spite of the i)rofessed sympathy with the 
objects of village imi)rovement, there is neither any 
analysis of the conditions of village life nor recom- 
mendation of any specific measures for the improve- 
ment of these conditions. We wonder if any of the 
authors of the plan has ever seen the inside of a 
Bengal village, l et us give a realistic picture. 

The average density of population per square 
mile in Bengal is 750, and in some districts it exceeds 
T200. It is admitted by all economists that a country- 
side, however rich it may be, and however best land 
and water may be iitili/cd, cannot yield a decent 
standard of living to more than 250 per sq. tnile. 

About two-thirds of the adult village population 
have no employment. The villages are extremely 
crowded, houses are ill-constructed, good drinking 
w^ater is not available, sanitary arrangements arc 
extremely faulty, so that a townsman cannot pass 
through a village without having his nose perpetually 
plugged up by a handkerchief, 'riiere arc no common 
grounds for the meeting of the people and there arc 
very few entertainments. 

According to an analysis by Prof. K. F. Chat- 
topadhyay, full 74 i)er cent of the r)oi)ulatioii depends 
on agriculture, yet they cannot produce sufficient 
food for Bengal alone, while in the IK S. A. and other 
advanced countries, 12 per cent of the i)Opulation is 
sufficient for agriculture, for the production of food, 
and cash crops, like cotton, oil seeds, soya bean etc. 

It is clear therefore that if the Bengal Govern- 
ment really intends to bring any relief to the Bengal 
villager, it must provide at least half the village 
population wdth a new' kind of activity, other than 
agricultural. This can only be by the creation of all 
major industries for wdiich there is scope in this 
province. A plan which ignores Industrial Develop- 
ment completely and gives priority number five to 
power development which is the key to all indus- 
trial development as this plan does therefore 
labours upon a wrong analysis of the situation and 
pursues a barren philosophy. 

The present industrial position of Bengal (in fact, 
the argument can be applied to India as a whole), 
may be giiejised from the per capita con.sumption of 
energy in all forms. It comes to about lo units of 


electrical energy, and 15 units of thermal energy. 
The energy index, which is largely manual, cannot 
exceed 100, whereas in all modern countries, it 
varies from 2000 to 30C0 units. The annual income 
of the average Indian is therefore 20 to 30 times less 
than that of a European. The conditions of the 
villages have scarcely advanced beyond medieval 
times, they have become more crowded and the large 
artisan classes formerly forming a large part of the 
village poinilation have been completelj’' pauperized 
by the inroads of foreign industry. 

If the country is to have a decent standard of 
living, planning must be concentrated on develop- 
ment of major industries and industries on agricul- 
ture, but the authors of the Bengal Plan have given 
very cursory attention to industries. 

Nay, the Bengal Plan has not even tried to find 
out why industries based on agriculture, for which 
the soil of Bengal is highly suitable have not 
flourished here. Gne may ])oint to sugar (of which 
<So per cent comes from outside Bengal), paper (of 
which we expect an enormous increase if a drive for 
stamping out illiteracy be instituted), textiles (about 
a hundred mills are retjuired to clothe Bengal) and 
chemical pulp for rayon (of which raw materials can 
be grown in the Himalayas), oil seeds which arc in 
a dacadent state in Bengal. Chemical and metallur- 
gical industries have advatitagcs for Bengal which 
are enjoyed by no other province in India but not 
much use has yet been made of such advantages. 

BKNGAI/S RIVKR vSYvSTKM 

The Bengal Plan says : — 

“Bengal’s extensive river svstein is unique in the world 
and the devciop’.nent of its potentialities to the fullest must 
form an integral part of any i>lan of post-war development. 
Rlsewhere, pronosals for harnessing the waters of Bengal 
for the production of h\dro-electric power .and for irrigation 
have been considered. Its inipf)rtanre as a means of com 
inunication to th'* community, to the villager in ])artii’iilar, 
in eastern and souihern Bengal is perhaps even greater. Not 
only does water provide the clieapi^st means transport 
a coiisid'^ration of prime importance to the villager- -there 
are several important trade marls in Mnithern Bengal with 
which it provides the onh" means of communication.’* 

But in spite of expression of such fine senti- 
ments, we have looked in vain in the pages of the 
Bengal ' Plan for any analysis of the present 
condition or any concrete measures for the full- 
scale development of BengaPs river system except 
for the Damodar Valley, and the More River scheme, 
which have l)ceii discussed later. The Bengal 
Plan has not even remotely mentioned any 
other comprehensive river-development scheme. The 
omission may be partly due to the fact that we have 
very scanty knowledge regarding Bengal rivers ; their 
discharge thronghoul seasons and years, the physical 
and geological data of their basins are only roughly 
known. In the absence of these data, whose com- 
pilation has been emphasized by successive genera- 
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tion of engineers called upon in build bridges and 
railroads over Bengal Rivers, no scientifically sound 
scheme can be prepared.* The clear duty before the 
Bengal Government was to give special priority or 
priority No. i, for the establislimeut of a fully fledged 
Hydrological Department, whose duty would be 
similar to that of the Bureau of Reclamation in the 
U. S. A., — intensive study of rivers and their basins, 
collection of data, planning of model experiments, 
and fundamental laboratory experiments, without 
which no planning is possible and when such data 
have been collected, framing in co-operation with 
other departments of the (jovernment, comprehen- 
sive plans for multipurpose and full development of 

♦Sir P. Spring who ihe llariliiigi* IJridgi.' al 

Sarah about 1905, wrote in his ‘Rivti* Training ami Conirol’ : 

“As trustees of so fine a property as tins— <.anais ami 
railways, it might not uiircascjiiaoiy uc expected th-it tiit* 
S.ate would see ilie importance td devoting a coinpaniLively 
^lllall animal appropriation to original researcli, on lines 
likely to be pro .uciive of a good return for the expenditure, 
in me form either of reduciioii in the lirst cost of its 
pub.ic works or of their safety and tlteir ecoiiouiical up- 
keep wh^n built. Heretofore tliere has been mi pteleiiee of 
orgaii.z-ug any such research in coime.eiion with the 
engme«..r.ug of the canals and railways ol India. Ihignieers 
have gone on blundering, beiiefning, raiJier by cnance 
than by des.gn, by the experience ol their predecessors, 
aud each consiueriiig himself lucky if he escajies disaster 
at the hands of the trenienuous lories ot Nature — amongst 
which .some of the most potent lor good or evil are the 
great rivers — with which lie has to struggle.’* 

« V if 4: 

“They ought not, nor ought the Stale, to lose sight of 
the importance of endeavouring, by consistent, logical and 
well organized research, to leain sonietJiiiig more definite 
than is now known about the plr/sics ol long reaches of 
Tivers. A perusal of Chajiler 111 and XXI, as well as of 
.Mr K. A. iMolioy s Techn.cal Section paper No. 118, will 
sullice to show how bhiidh , herciolore, m the interests of 
the residents on their h nks, men have been hgiuing 
against the iil-will of some of the great rivers ; wlieiner on 
behalf of tke mainteiiniice of levees (this is a wonl of 
I'reiicli origin, wiiicii is used hi the I . S. A. to denote 
embaiikmeuts), whereby devastating floods are exciudeil 
from great miiabited areas ; or tor the conservation ol the 
heads of iiiunaaiioii canals on whose integrity the welfare 
ol many thousands ol people is tlepenaeiii ; or in the 
iii.ercSfcS of iipanan cities whose obiiieiatioii would be a 
l)lot on the adiiiiuistratuni of civili/cd and inielligeiii rulers. 
It is dilhcu.t to avoid the concliiskm, alter perusal of 
Chap.er X.vl, that lor lack of adequate knowledge, the 
engineers concerned with the iiiiertsis of the inliaintaiits 
ot Uie valley of the ltK.us have been obliged to work more 
or less m the uark in their tiglit with mat river, ami to 
make mutters worse it has consianily, happened that, 
owing to the clima.e, to the exigencies ot public service, no 
sooner Qoes one engineer gel some small inkling ol the 
tr.cks than he is replaced by one wilh all his experience 
to gain; and in six months he, in turn, is replaced by 
somebody else whose experience of the river has perhaps 
been limited to crossing it. How, under so hu])ha/.ard a 
syswcm, anything gets done at all is a marvel ; and instead 
ot being surprised at £100,000 worth of work having been 
wiped out, Uie State may congratulate iLself if the loss 
not double. How'ever there is always the satisfaction, in 
the case of such expenditure as that dealt with in 
Chapter X.xl, that the whole of the money has remained 
in the country, and that if the tax-payer takes money out 
of his coat pocket only to put it into his waistcoat pocket 
be can always pick it out again, or its equivalent.” 


thu wliolt* river system of Bengal. This department 
of liydrological research should he separated from the 
Irrigation Department whose personnel are too much 
pre-occupied with routine duties, and have neither 
the time nor the training to carry out such vital 
researches. 

The aiitliors of the Bengal Plan probably do not 
reali.se that the success of all their scheme.s depend 
upon the evolution of a proper system of niauage- 
ment of BeiigaPs rivers for Bengal’s life more than 
that of Iigypt, is tied up with her rivers. 

I'hey have laid great stress on the construction 
of roads, national and provincial highways. Roads 
are a great necessity for Bengal, hut past experience 
ought to have been siiflicicnt warning for the Bengal 
Planners that roads and railways, planned without 
any reference to the river system, are likely to 
obstruct the free flow of water, cause the formation 
of malarial swamps, as had liappeucd all over Bengal. 
The devastation of Burdwan by malarial epidemics 
between i860 and 1S70, outbreak of malaria in the 
districts of Central and Northern Bengal have been 
rightly ascribed to the construction of railways and 
roads without reference to the river system of Bengal. 
Soiiietinies the rivers take tlieir revenge, by frequently 
breaching such railways and roads as has frequently 
happened in the Damodar Valley or was going to 
happen in the case of the Hardinge Bridge at Sarah 
over the Padina in 1932, which was saved only at an 
expenditure of two and half crores of rupees. 

Planning of roads and railways should therefore 
come after tlie river-training measures have been 
evolved and agreed upon. The Bengal Plan there- 
fore proposes to do thing.s all in the wrong way. 

We understand from the Bengal Government 
Plan that tlie pre.sent plans are all tentative and they 
would be submitted to a Develoi^inent Board, con- 
sisting of a Commissioner for reconstruction and a 
number of secretaries of the Government Depart- 
ments. But under the present system plan-making 
is being done almost completely in the wrong way. 
The task is distributed over the different ministries, 
wlio entrust the work to their officers, who have 
other routine work to do. They are sometimes 
assisted by Committees composed of legislators, a 
few scienti.sts and technicians who occasionally meet. 
The ministers who have constantly to fight for their 
life, have hardly any interest in plans which take 
years for completion, and which can not be taken 
for immediate execution during tlieir regime. The 
officers are mostly by training and habit hardly fit 
for scientific planning, and non-official members 
hardly take their work .seriously. The result is a 
patch-work like the present one. It is, therefore, 
sugge.sted that if the (lOvernment really mean busi- 
ness, they should have a Permanent Planning Com^ 
mission consisting of scientists and technicians, which 
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would be an autonomous organization, independent 
of any ministry. This policy has been followed in 
Russia, where the State Planning Commission is not 
under any People’s Commissars, but is an indepen- 
dent organization with very large powers, responsible 
only to the Supreme Cabinet. All important research 
institutes including the Hydrology Department should 
be directly under the State Planning Commission, 
which should go on with its labours independent of 
the fates of ministries. 

How TO Rkgunkratk tuk Rural Arkas of Bengal 

The Bengal Plan is not altogether without a 
few redeeming features. It has a few good words 
to say in favour of the schemes for the rehabilitation 
of the Daniodar Area, but the credit for suggesting 
the scheme hardly be claimed by the Bengal Govern- 
ment. As readers of Science and Culture are aware 
Government has spent in the past enormous amounts 
of money in vain attempts to curb the fury of this 
river within embankments, but it was not able even 
to achieve the narrow objective of protecting rail- 
ways and groads, though it went to the length of 
sacrificing the health and prosperity of the population 
in the basin. But it was pointed out in the columns 
of Science and Culture that the Damodar can be 
developed, on the multipurpose basis, like the 
Tennessee, for prevention of flood, generation of 
power, for perennial irrigation of nearly one million 
acre of land, and possibly for navigation as well. 
The Government called a Tennessee Valley expert, 
Mr Voorduin to examine the suggestions made by 
the Damodar Enquiry Committee, and he has sub- 
mitted his reports, which is just now released. If 
the readers of Science and Culture care to peruse 
the report they will find that the Tennessee Valley 
expert has endorsed everyone of the proposals made 
in our articles and has worked them out in greater 
detail, and thanks to the interest taken by the 
Hon’ble Dr B. R. Ambedkar, Labour Member in the 
Viceroy’s Cabinet, the schemes are fairly on the way. 
If the scheme is given effect to, the lower Damodar 
Valley, including the present malaria-ridden swamps 
of Burdwan, and Hooglily, to the west of Calcutta 
will undergo a complete regeneration. What tvill 
that be like? Let us tell our readers an anecdote. 

Village Vs, Urban Life in England 

In course of the recent tour of the Indian Science 
Mission in England some of the members were 
once motoring from Manchester to London with an 
English Civil Servant, Mr Harley, as their guide. 
While passing through some middle English country 
towns and villages, they requested their companion 
to show them some typical English villages. He said 
‘You are just passing through some typical villages*. 
But some member told him that these did not at all 
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look like villages in their country. ‘What is a village 
like in your country ?’ asked he. They said *a typical 
village in their country is one which on the average is 
20 miles from the nearest railway or steamer station, 
a village would be lucky if the nearest medical con- 
sultant could be found nearly 4 miles aw’ay, there 
would be hardly one school in ten villages and people 
would have to draw water from wells, or waterpools, 
all houses w^ould be of mud and bamboo, and the 
countryside would be generally a malarial swamp, 
there would be no question of telegraphic, telephonic 
or electrical, steam or gas or motor service.’ The 
Civil Servant replied ‘Wc have read of such villages 
in our history books, but whether any such village 
still exists in the British Isle should probably be 
referred to an archaeologist.’ 

This story will probably convey some idea 
of the profound changes which have been brought 
over the British countryside as a result of appli- 
cation of science within the last hundred years. 
About a hundred years ago, the English villages 
were probably not much better than our own villages 
at the present time. One can easily find what an 
old English village was like from the vivid pen 
pictures of Charles Dickens or Westaway’s “The 
Eternal Quest”. But as a result of the English grid 
system, which supplies cheap power to the remotest 
corners of the country, even remote villages have 
electrical power, and central heating. Most English 
villages have got telegraphic and telephonic services, 
are connected by well laid out roads, so that almost 
every place can be reached by motor car, though it 
may not be situated on the railroad. In fact, the 
whole of England is becoming one vast city, every- 
where all comforts of town life are available. Thu 
Britishers, West Europeans and Americans have 
thus solved, thanks to science, the contradiction 
which still exiots in this country, between cities and 
villages. This is the result of twenty-five years of 
intense constructive work in Road and Electrical 
Power development. ■ England is now covered with a 
network of power stations, distributed all over the 
Ci^untry, which enabled the Britishers during the 
present war to remove many of their essential pro- 
ductive industries from big cities to the countryside, 
and thus maintain production at high level in spite 
of intense bombing of big cities. Probably, as a 
result of the advent of the Atomic Age, this process 
of dispersal of population into country areas would 
further be accelerated, for huge cities like London 
can be entirely wiped out by a few atomic bombs, 
cither directed from aircraft or distant stations, but 
if the population and productive centres are dis- 
persed over wide areas, the destruction would be far 
less. The day of big cities appear to be doomed. 

Let us hope that the Damodar project, which 
has been undertaken by the Government of India, 
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and the More River project to which the Bengal 
Plan gives special priority will be pushed through 
energetically. It is desirable that the Government 
cut through the red tape to some extent, for in India 
projects have a tendency of wandering amongst the 
files for a long time till they are either lost, or 
emerge out in strangely mutilated forms after the 
public have forgotten all about them. Even after 
a plan is sanctioned, enormous times are consumed 
in execution e.g., the Mettur dam in Madras took 
seven years to complete. We have much to learn 
from the U. S. A. in this respect, for in the Tennessee 
Valley, 2i multipurpose dams, almost each one 
bigger than the Mettur, and costing nearly 700 crorcs 
of rupees were constructed within ix years. 

HYDRO-KLECTRIC POWER-DKVHLOrMKNT SCHEMES 
IN OTHER Parts ok India 

While the Bengal Govern men t has thus ignored 
serious industrial planning almost completely other 
provincial governments are seriously pushing on with 
their industrial plans. A few examples are given. 

The Punjab.— The Government of the Punjab 
has got a vast plan for the development of the 
rivers within its boundary on a multipurpose basis. 
It is well-known that the Punjab has been 
covered during the last 50 years with a network 
of irrigation channels which has converted a semi- 
arid land into one of great agricultural productivity. 
Each of the five rivers has got 3 barrages upon it, no 
water is allowed to be wasted in the desert and 
perennial irrigation enables the Punjab peasant to 
grow two to three crops in the year. But though 
these rivers could be developed for hydroelectric 
power, no scheme had been undertaken upto 1924, 
when the Uhl river scheme, was started. This was 
an ill-conceived and ill-executed plan, and taught by 
this example the Punjab Government is giving more 
systematic attention to hydro-electric development in 
recent years. The following dams have been pro- 
jected and some of them are in course of construction : 

(1) Dam over the Tons and Giri tributaries 

of the Jumna, wdiich will be the highest 
in the world. 

(2) The Bhakra Dam over the Sutlej which will 

be about 700 ft. high. 

(3) The Riasi Dam over the Chenub and a Dam 

on the Jhelum river just before it de- 
bouches into the plains of the Punjab from 
Kashmir. 

It is expected that all these projects — when fully 
developed will give to the Punjab a total power of 
3 million K.W. and an energy output of about 15.000 
million K.W.h. in the year. If these projects 
are completed the Punjab will have nearly 600 units 
of electrical energy per capita and will be the richest 
province in India, both in industry and agriculture. 


The Punjab Government has engaged the services 
of ^ir Savage of the Bureau of Reclamation, Aiiiorica, 
who has vast e.vperiencc in the building of multi- 
purpose dams as Consultant and has already ordered 
electrical machineries for a number of dams. They 
have sent to the I'. S. A. five of their engineers to be 
trained in the laboratory of the Bureau of Keclaniatioii 
at Denver. 

Madras . — In the Madras Presidency, thanks to 
the initiative taken by the late GovermiieiU and 
particularly by the present Chief Adviser Sir Ram- 
murthy and Chief iMigineer Mr G. R. Aiyaiigar, 
a vast number of river inii)rovemeut schemes 
have been undertaken. The Godavari scheme alone 
is expected to yield nearly 300,000 K.W. of power. 
Work has already been started on the Tunga- 
bliadra scheme. In fact, though details are not 
yet available, it Ls known that the Government 
of Madras have plans of covering the whole 
presidency with a network of electric power lines, 
which will be helpful in the creation of industries 
and bring prosperity to the rural side. In view of 
the great demand for engineers which wull be needed 
for these schemes, the Madras Government has taken 
serious steps to bring into existence, three more first- 
grade engineering colleges at Coimbatore, VV^altair 
and Annamalai in addition to the existing college 
at Guindy, in the suburbs of Madras, which has so 
far satisfied the needs of the wdiolc Presidency. The 
Pykara scheme and the Mettur scheme are already 
giving 35,000 K.W., and when fully developed are 
cxi)ccted to reach a total of 137,500 K.W. 

Travunco're . — The Indian province of Travancorc 
has an area of about booo sq. miles and u population of 
about 6 million. It is one of the most densely populat- 
ed parts of the world. Pormcrly matters were allowed 
lo drift, and due to the shortsightedness of previous 
rulers, all land above 4000 ft. were perpetually leased 
lo a foreign company for an annual sum of Rs. 50,000. 
Under the inspiring guidance of Dewan Sir C. P. 
Ramaswamy Aiyar, this little Slate has been gal- 
vanised into action. The Papaiiashan and the 
Pallivasal schemes are already giving 18,000 K.W. 
and a Pcrtilizer Plant which will yield about 50,000 
tons of ammonium sulphate per year is being 
installed. Mr K. P. Meiion, Chief Electrical Engineer, 
was recently in the U. S. A. on a mission to buy 
electrical machinery for the projects and also 
machineries for industries which are being established 
in the State under the State patronage. They include 
fertilizers, rayon, paper and chemicals. The Travan- 
core Slate ultimately hopes to develop about 300,000 
K.W. wliicli will give them annually about 2000 
million, K.W.h that is about 300 units per head. 
These projects, when they are carried out, will make 
Travancorc as rich as many parts of Europe. 
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Mysore . — ^'fhc Indian Slate of Mysore has been 
the pioneer in the developiiieiil of electrical power 
and use of river water for irrigation. Long 
!)efore these ideas had seriously engaged the 
attention of our rulers in Hritish India, Dewan 
vSeshadri Aiyar of .Mysore got Aiuerican experts 
who had knowledge of the development of hydro- 
electric iKJWcr in the Niagara halls to develop 
tlie potential resources of Caiivery river and the 
result was the installation of the hydro-electric station 
at vSivasaniudrani in igo2, which has now developed 
about a i)ower of 50,000 KAV. The ('lOvernment of 
Mysore has since been planning the installation of 
hydro-electric plants on the Jog h\dls in the Western 
(ihats and a station on the Shinisa tributary of the 
Cauvery at vShiinsapur and at other places. The 
Shinisa has already been developed to 20,000 K.W. 
and the Jog falls are planned to ilevelop 48,000 K.W., 
but ultimately to q6,ooo K.W. Ultimately all these 
stations are expected to raise the total power instal- 
lation of Mysore to about 2 ( 0,000 kilowatts, yielding 
yearly raoo million K.W.h., or nearly 500 units per 
head. Dewan Visvesvaraya constructed the Krishiia- 
rajsagar barrage over the Cauvery with the idea that 
every drop of water which falls in the Mysore plateau 
will be I'cpt there and used for agricultural and 
industrial purpose. The effect of all these enterprises 
on the |)art of this premier Indian State lias been 
to^ increase substantially the material jirosperity of 
Mysore over the surrounding parts of British India 
and when all the schemes now in hand are carried 
out, Mysore will probably attain standard of living 
comparable to many advanced parts of the world. 

Ihmbay.— In the Hombay Tresidcncy hydro- 
eleclric power has develojicd through the enter- 
prise of the great J. N. Tata about the begin- 
nings of the present century. The waters preci- 
pitated on the Western Chats, are collected in 
reservoirs and made to run hydro-clectric plants 
at the three stations, Khoiioli, Andhravalley and 
and Uhira (Tata Hydro-electric Power). These 
three power stations have solved to some extent 
the power problems of the industrial city of Bombay 
and has given lier for sometime supremacy over all 
other nianufacturing cities of India. Recently, the 
1/ombay (Government has engaged the services of a 
number of hydro-clectric engineers to completely 
survey tlie resources and develop them as far as 


possible. The Koyua River, in the southern part 
of the Bombay Presidency is expected to yield about 
500 thousand kilowatts and is being studied and 
surveyed with a view to ])owcr development. 

Not much information is available regarding' the 
lirojects in the United Provinces of Agra and Oudh 
and in Bihar, but it is understood that these two 
governments have taken up seriously the develop- 
ment of the vSoiie river and its tributaries on the 
Tennessee river model. The Soiic river is capable 
()[ half the production of the Tennesse river and if 
fully developed will give these two provinces about 
5000 millioti K.W.h. of energy. The prospects of 
ihe Bundclkhand rivers arc also being investigated. 
But the greatest source of hydro-electric power is to 
be found in the (.Ganges and her tributaries round 
about the Himalayan foot hills, but these do not 
seem to have been yet proj^erly surveyed. 

In Orissa, the Mahanadi and other rivers have a 
catchment area of 51000 sg. miles, with about 40-50 
inches of rainfall. Probably the whole basin can be 
developed on the Tennessee model, and preliminary 
surveys are stated to have been ordered by the Labour 
Department of the (.'lovcrnnieiit of India. 

This information, which is incomplete, shows 
that Bengal is at the bottom of the ladder regarding 
projects of hydro-electric power development and 
tliat her civilian rulers have no intenlion of taking 
up the problem seriously. 

In ancient limes, when one people conquered 
another, they made slaves of the latter. Tluis Impe- 
rial Rome sold the whole population of vamiuished 
Carthage to slavery. Slavery has been legally 
abolished, but a modern form of slavery has been 
introduced in recent years. This is reducing a country 
to agricultural production only. H. Morgenthau, 
the U.S.A. secretary for finance gave out last year, 
that after victory, Germany and Japan will be reduced 
to agricultural countries, and the policy is now being 
actively pursued. Put in India, the policy has been 
pursued for centuries, and there is no indication of 
change of heart or policy, as the Bengal Plan shows. 
Blit while British Imperialism does not change its 
methods or policy (piickly, Communistic Imperialism 
of Russia is just working in the opposite way and 
has taken up plans for the fullest industrialisation 
of Central Asian dependaucies. 
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POST-WAR RECONSTRUCTION 

(BENGAL GOVERNMENT PLAN— A SUMMARY) 

T. K. BASH, 

department op economics, university ok CALCUTTA 


^HK Government of Bengal have recently drafted 

a plan for post-war reconstruction. It is in c.sscnce 
a short-period plan, executable within the first five 
years but the Governinent assure us that it contains 
within it the germs of a long-period plan. 

The plan is not a blue-print. It may and 
perhaps will undergo modification to suit changing 
circumstances as the plan progresses. 

The schemes have been grouped into four classes 
arranged in order of urgency. Those falling within 
Class I are intended to be taken up before April 
1947 at the latest. Class II schemes will be taken up 
between April ic)^7 and April 1950. Those under 
Class III will be taken up between 1950 and 1952. 
Class IV schemes should be taken ui» within the first 
five jiost-vvar years. Certain schemes viz., training of 
higher technical personnel aljroad, establishment of a 
central livestock research -cum -breeding station, ex- 
pansion of agricultural research, expansion of Fisheries 
Department and so on have been granted special 
priority. They are either to be taken ui» immediately 
<)V have already been undertaken. 

The announced object of the plan is to raise the 
standard of living of the coninion man. It aims 
])rimarily at the improvement of agriculture. We are 
told that the progress of a country is best judged by 
the progress of its villages and that agriculture is 
the backbone of Indian economy. 

The agriciilliiral schemes are divided under three 
luoad heads; (t) Organization, (2) Research and 
(3) Land development. 

The planners pnjpose to provide 
facilities for the training of personnel in modern 
agricultural methods. It is expected that at the end 
of five years there will be one Deputy Director of 
Agriculture in each circle of two districts, one 
Agricultural Officer in each of the sub-divisions, one 
Agricultural Demon.strator and one Kamdar in every 
six unions. The Bengal Agricultural Institute will 
be expanded so as to turn out 150 graduates annually. 

Research.— A comprehensive scheme of research, 
estimated to cost Rs. jyi crorcs in the first five years 
includes the cx])ansion of existing research section^ 
like agricultural engineering, plant breeding, agricul- 
tural chemistry and animal husbandr\' and the 
establishment of new research sections namely plant 
i»rotection, horticulture and agronomy. Research 
will also include problems of livestock improvement 
and management and. soil survey for obtaining soil 


maps, soil erosion survey and collection of cro]> 
statistics and data. 

Land development is sought to be made through 
such means as irrigation, suj^ply of better seeds and 
manures, protection of crops against i)ests and 
diseases, use of better ini])lenients and belter live- 
stock and schemes for the utilization of land now 
lying waste or damaged owing to the incursions of 
water-hyacinth. The cost during the first cpiin- 
(luenninm of the above schemes for land development 
would be 17 crores 15 lakhs. 

The iini)oilaiice of livestock seems to be realized 
by the Government and it is proj)osed to increase 
the staff of ].,ivestr)ck ( )fficers, Assistant Livestock 
Officers and Stoekmen. Animal farms are i)roi)oscd 
to be started at Miirsliidabad, Dinajpur, Cliittagong 
and Darjeeling. A Oooo acre Central Livestock 
Research-enm-Breeding vStalion has been sanctioned 
by the Government to be established at Kancbrai>ara. 
The staff of veterinary officers, surgeons and assis- 
tant surgeons is expected to cost Rs. 4j^ crorcs 
during the first five years. 

It is of sni)reine importance that in order to 
ensure the agricnllurisl proper price for his produce 
and to secure the niaxinnim advantage to the com- 
inuiiily agricultural marketing conditions should be 
pro])erly oiganized and inn)roved. The proposals to 
this effect include the establishment of Agricultural 
Marketing Intelligence Service, to undertake, inter 
niiti, marketing surveys, collection of samples of 
i.iO’iciiltural produce and prescription of standard 
grades and (jualities, supervision of regulated markets 
ind licensed warehouses, sale of “Agmark** products, 
introduction of standard weights and measures, assist- 
ing co-oi)erative societies and so on. Marketing 
improvements are ex]jccted to cost Rs. 92 lakhs in 
the first five years. 

“A condition precedent to the ade(]iiate develop- 
ment of markets is the development of communica- 
tions*’ and the scheme to this effect includes a road 
plan and a waterways plan. The road-plan visualises 
the construction in about 20 years of (i) 1200 miles 
«)f National Highways, (2) 2242 miles of Provincial 
Highways and b V'O miles of ^Iajor District Roads. 
Regarding waterways, the potentialities of Bengal’s 
extensive river-sysleiii seem to be realized by the 
Govern men l at Iasi and its importance apart from 
its service as a means of communication is mentioned. 
The two schemes included in the plan aim at keeping 
20 important trade routes clear of shoals and other- 
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wise navigable throughout the year. The most 
important irrigation projects are those connected 
with the Damodar control. The total cost for the 
iinprovcnicnl of communications is estimated to be 
Rs. 45 crores. 

The planners realize that in any such scheme as 
they propose, the abolition of Permanent Settlement 
must take a prominent place. State acquisition will 
be taken up first in the districts of Bakarganj, 
Karidpur, Biirdwan and Ilooghly and the Sundcrbans. 
The vSnndcrban area acquisition alone is expected to 
cost about Rs. 26 crores of which 12 crores will be 
s])ent in the first five years. 

The manifold industrial and domestic possibilities 
of forest produce are mentioned and a total amount 
of Rs. 243 lakhs is proposed to be spent on rehabili- 
tation of forests and afforestation. 

The schemes for the improvement of the co- 
operative movement in the Province aim mainly at 
rehabilitating co-operative credit institutions, pro- 
viding greater facilities for financing agricultural 
operations generally and co-operative societies in 
I)articular, assisting the rehabilitation of fishermen so 
seriously affected by the famine, the development of 
co-operative handloom industry and of co-operative 
marketing of agricultural produce. Schemes for the 
establishment of Agricultural Credit Bank are also 
included. The total cost under these heads is 
estimated at Rs. 2 crores 58 lakhs. Schemes for the 
development of fislieries and the prevention of des- 
truction of fry are also proposed to cost about Rs. i 
crorc 53 lakhs. 

The planners admit that any scheme for com- 
prehensive reconstruction must include the develop- 
ment of industries. But they arc of the opinion that 
steps concerning major industries in the Province 
‘must await the decisVms and action on an All-India 
basis* and consequently the whole responsibility re- 
garding major industries is thrown on the Govern- 
ment of India. 

They have however put forward certain schemes 
concerning medium and small-scale industries. These 
fall into ihu following main groups : Settlement of 
Ex-service Personnel, rcvelopment of Salt Industry, 
Sericultural Development, Technical and Industrial 
liducation and Organization of the Department of 
Industries. 

Regarding ex-servicemen, it is proposed that 
several training centres should be started at Calcutta 
and other places for training them in scientific 
methods of farming, animal husbandry and cultiva- 
tion. A scheme is also proposed for their resettlement 
on land. It is proposed to settle 10,000 soldiers and 
laskars in 191 blocks covering a total area of 2 lakh 
acres and i block will cover 1000 acres. This will 
open out the' po.ssibilities for experiment in mecha- 


nized forms of cultivation and collective farming. 
The allotment per family of soldiers is thus going to 
be 20 acres. 

Regarding the development of salt industry, they 
propose to set up a Salt Development Board and to 
establish a Salt Institute which will collect data. 
Sericultural development is likewise proposed through 
the training of village workers, provision of facilities 
for the maintenance of mother stock and the produc- 
tion of superior seeds, etc. 

It is also proposed to establish a 1000 acre farm 
in the district of Dinajpur as a jute seed multiplica- 
tion farm. 

The 15 .schemes comprising the group entitled 
technical and industrial education aim at reorganiz- 
ing existing technical institutions and opening certain 
new institutions with a view to improving the techni- 
cal and industrial training now given in order to meet 
the increasing needs of Bengal trade and industry 
and to stimulate the industrialization of the Province 
generally. 

Reorganization of the Department of Industries 
involves expansion to enable it successfully to cope 
with post-war development work and to introduce 
standard weights and measures. 

“In the wake of industrial development come 
labour problems** and so comes a scheme for the 
maintenance of harmonious relations between em- 
ployers and labour and for the amelioration of labour 
conditions generally. A sum of Rs. 2 crores 36 lakhs 
is proposed to he spent on the fostering of industries 
and labour welfare. 

The medical schemes aim at the rehabilitation 
and improvement of existing hospitals and at the 
rapid expansion of medical facilities in urban and 
rural areas. 

It is further proi)osed to extend hospital facilities 
specially in r^^^al areas. There are at present only 
6400 permanent beds in moffussil areas to cater to a 
population of 60 millions (Position = t bed for Q375)- 
“The Province retiuires a minimum of 16,000 beds’* 
(Proposed position = i bed for 3658. Western 
standards = I bed for 2,500). 

To combat malaria, it is proposed to set up a 
directorate under a malariologist of international 
repute and staffed with acknowledged experts. The 
cost of medical schemes amounts to Rs. 13 crores 50 
lakhs. 

Regarding education, three schemes deal witli 
the training of trainers of primary school teachers 
according to the new technique. The total number 
of schools is set out to be 50,000, the number of 
teachers 250,000, the capital expenditure Rs. 37/^ 
crores and the recurring cost Rs. 19 crores per year. 
Ill the first quinquennium the proposed sum to he 
spent is Rs. 8 crores. 
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It is proposed further to increase the grants-in- 
aid to existing secondary schools and to convert 50 
of the best high schools into model schools in the 
matter of staff, buildings and equipment. The salary 
of the existing primary school teacher will be raised 
from the meagre pittance he now gets to a living 
wage which is to be Rs. 30 for trained matriculates 
and Rs. 18 to Rs. 22 for other teachers. 

The Government Plan states that the successful 
execution of their schemes presumes “the maintenance 


of law and order.** Hence the inclusion of the schemes 
for strengthening (i) Police, (2) Jail and (3) District 
Admini.stration. The total cost of strengthening 
general administration will be Rs. 7 crores and 57 
lakhs. 

An attempt has been made to estimate the ulti- 
mate net outlay of the Plan. This comes to Rs. 250 
crores approximately (capital) and Rs. 31 crores 
(recurring annual expenditure). 


BIRTH CENTENARY OF WILHELM KONARD RONTGEN 

S. C. SIRKAR 

CALCUTTA UNIVERSITY 


"Y^IDHELM KONARD RONTGKN, the discoverer 
of x-rays was born on March 27, 1845. The 
discovery of x-rays was announced by him in 
November, 1895. The centenary of his birth and the 
fiftieth anniversary of the discovery of x-rays have 
therefore come this year. The discovery is un- 
doubtedly one of the most important discoveries in 
physics, but tlie credit of the discoverer tends to be 
minimised if the discovery is considered to have been 
made accidentally. It is true that the .apparatus with 
which Rdntgen discovered x-rays was not an ideal 
one for the production of x-rays, but it required un- 
common ingenuity and foresight to use a fluorescent 
screen and photographic plates covered with black- 
paper to detect the “invisible radiation*’ which 
Rdntgen suspected to be produced in his Crookes 
lube. Many other contemporary phy cists had been 
using similar apparatus for their investigations on 
cathode rays, but all of them had overlooked the 
“invisible radiation” which must have been produced 
in their Crookes tubes and caused some disturbances 
in their normal work. Rdntgen believed that such a 
new radiation was probably produced by the cathode 
rays and looked for it systematically. Full credit 
for the discovery of one of the most important funda- 
mental phenomena in Physics should therefore be 
given to him. 

In this connection the recollections of an inter- 
view which Sir James MacKenzie Davidson had with 
Prof. Rdntgen are quoted here. 

“While travelling 011 the continent in 1896 I 
made a pilgrimage to Wurzburg, and called at Prof. 
Rdntgen’s house in the evening, and was kindly 
granted an appointment for the following morning. 
.1 presented myself about ri a.m. and was shown into 
a laboratory which contained a coil and a small 

2 


cylindrical-shaped x-ray tul>e. Prof. Rdntgen, a tall 
man with dark bushy hair, a long beard, and very 
kindly and expressive eyes, received me cordially. 
He could not speak much English ; I was still worse 
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at German. However, by means of English and some 
Latin we made ourselves intelligible to one another. 
He excited the tube and showed me various shadows 
on a fluorescent screen. On each of the terminals of 
his coil he had a small aluminium ball, i cm. in 
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•diameter, which he told me he used as an alternative 
spark gap to lest the hardness of the tube. He in- 
cidentally remarked that he found a tube had its 
maximum photographic effect when it was working 
just at 2 ‘5 ciiis. alternative spark, a fact which I have 
always found to be correct. I asked some blunt 
questions as follows : 

Question. “What were you doing with the 
Hittorf tube when you made the discovery of the 
x-rays?” 

Answer. “I was looking for invisible rays.” 

Question. “What made you use a barium 
platiiio-cyanide screen ?” 

Answer. “In Germany, we use it to reveal the 
invisible rays of the spectrum, and I thought it a 
suitable substance to use to detect any invisible rays 
a tube might give off.” 

“He then detailed how he made the discovery. 
He said he had covered up the Hittorf tube with 
black paper so as to exclude all light, and had the 
screen (which was simply a piece of card board with 
some crystals of barium platino-cyanide deposited on 
it) lying on a table 3 or 4 metres from where the 
covered tube was .situated, ready to be used. He 
excited the tube to ascertain if all light was excluded. 
This was so, but to his intense surprise he found 
the distant screen shining brightly!” 

“I asked him *what did you think?’. He said 
very simply 'I did not think, I investigated’.” 

“Incidentally he told me how he had taken a 
photograph through a pine door which separated two 
of his laboratories. On developing the negative, he 
found a while band across it, which he ascertained, 
corresponded to the beading on one of the door panels, 
He stripped the beading off, and found that the band 
of shadow was due not to the increased thickness of 
wood but to the ‘plumbum’ (white lead really) the 
door maker had employed in attaching the strip of 
wood.” 

“He seemed amused at my remonstrating with 
him about keeping the ‘.screen* lying about in his 
laboratory. I told him it was a ‘historical .screen’ 
and should be preserved in a glass case ! I hope he 
has carried out this suggestion. For the sudden 
shining of that ‘screen* undoubtedly led to one of 
the greatest discoveries in modern times.” 

The remarks made by Stokes on the Kelvin 
Jubilee Steamer regarding the dii^qovery. are also 
interesting. He said “others might ’have x-rays in 
their tubes, but it was Rontgen’s indubitable claim 
to have got them through other people’s bones!” 

Some of the important properties of x-rays were 
discovered by Rdntgen in his preliminary investiga- 
tions.: It was he who first observed that x-rays can 
j jjiffejct photographic plates and can penetrate opaque 
,,suti|stancesb He also observed that the penetration 


is less in denser materials, and consequently a shadow 
of the denser material is produced on the fluorescent 
screen if it is imbedded in a lighter material. He 
realised the usefulness of these properties in medical 
diagnosis and communicated the discovery first to a 
medical society, the Physico Medical Society of 
Wurtzberg. For the full use of the radiation, how- 
ever, the scientific world had to wait for more than a 
decade till .some other i)roperties of x-rays were dis- 
covered. 

During the first decade after the discovery of 
x-rays the practical use of x-rays was confined to 
medical diagnosis and surgery, and simultaneously 
physicists were engaged in investigations on the pro- 
perties of the new radiation. The methods of medical 
radiography used in the preliminary stage were so 
very defective owing to the lack of knowledge 
regarding the true nature of the radiation that many 
pioneer workers were i)ermanently injured by undue 
exposure to the radiation, and the methods used both 
in radiography and radiotherapy could not be stan- 
dardised till some new discoveries regarding the 
important properties of x-rays were made by some 
physicists. Attempts were first made by some 
of them to prove that x-rays possess the properties 
of electro-magnetic radiation, and in iqo6 Barkla 
first demonstrated the polarisation of x-rays scattered 
by light elements. No accurate method for the deter- 
mination of wavelength of x-rays was, however, 
known at that time, and only a suggestion that the 
wavelength might be of the order of to“* cm. came 
from the results of investigations on the diffraction 
of x-rays l)y narrow slits. Fortunately, the mathe- 
matical theory of space groups in 32 classes of 
cry.stals, developed almost simultaneously by the 
three . famous mineralogists, Schdnflies, Barlow and 
Fedeirov, respectively of Germany, England and 
Russia had beeL published just before the discovery 
of x-rays. In 1Q12, Laue suggested that crystals 
might serve as .suitable three dimensional gratings for 
the diffraction of x-rays and worked out the theory. 
The experiment was tried by Friedrich and Knipping 
at his sugge.stion and the results confirmed the pre- 
dictions of Lane’s theory that discrete diffraction 
maxima arranged according to some symmetry would 
be observed in the diffraction pattern. Neither the 
wavelengths of x-rays producing the diffraction 
maxima nor the grating elements in the crystals used 
could, however, be determined from the diffraction 
' pattern obtained by Friedrich and Knipping. The 
.same year W. L. Bragg suggested a new interpreta- 
tion of the diffraction maxima. He showed that the 
maxitna< in the diffraction pattern produced by a 
three dimcntional array of atoms can be considered 
to be reflections from particular sets of parallel 
planes passing through the atoms. W. H. Bragg 
investigated experimentally the directions and rela- 
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tive intensities of reflection of x-rays from different 
atomic planes of rock salt and sylvine and the results 
were interpreted with such an ingenuity that both 
the wave length of x-rays and lattice constants of the 
crystals used were determined accurately. This 
sequence of discoveries was thus responsible for the 
development of two very important and fruitful 
branches of physics, viz., (i) x-ray Analysis of 
Crystal Structure and (2) x-ray spectroscopy. 

It is beyond the scope of tliis short article to 
review even briefly the achieveiuents made by 
scientists in these two lines of research during the 
last thirty three years, but a brief mention of the 
nature of the results obtained will not be out of 
place. The methods of x-ray analysis of crystal 
structure have been developed so satisfactorily that 
the lattice constants and space groups of most of the 
organic and inorganic crystals and the positions of 
atom in the unit cells in many of them have been 
determined accurately. These results are of immense 
use in understanding many other properties of the 
crystals and the structure of the molecules. The 
methods of x-rays analysis have also been employed 
profitably in some industries. The results of x-ray 
analysis of natural fibres, such as wool, silk and 
cotton have been responsible for vast improvements 
in the quality of the yarns produced and in the 
methods of their production. Results of x-ray 
analysis of high polymers under different physical 
conditions and of cellulose subjected to different 
chemical treatments have led to tremendous improvc- 
iiicnts in the rayon industry. The plastic industry 
has also been benefited by such investigations. Very 
recently, new methods have been developed for the 
accurate determination of the size of the crystallites 
in fibres from their x-ray diffraction patterns and the 
correlation between the size of the crystallites and 
physical properties of the fibre is being gradually 
understood. In metal wire and sheet industry also, 
similar investigations have led to vast improvements. 

Besides the structure of crystals, x-ray analysis 
has also revealed the structure of liquids and of 
molecules in the gaseous state. The results obtained 
with liquids have led to the formation of new theories 
of liquid structure which can explain the properties 
exhibited by different liquids. The interatomic 
distances in many polyatomic molecules in the 
gaseous state have been determined accurately from 
the x-ray diffraction patterns yielded by them. 

To the physicist, however, x-ray spectroscopy 
has become a more fruitful line of rCvSearch than the 
one mentioned above. Moseley first showed the rela- 
tion between the atomic number of elements and the 
frequencies of characteristic x-rays of particular scries 
emitted by them. Unfortunately, the first World War 
took away this pioneer English physicist prematurely 
from this Nvorld and his work was followed by 
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physicists of other countries, the most prominent 
among them being Siegbahn working at Upsala. The 
wavelength of the lines of different series emitted by 
different elements have been measured accurately and 
the analysis of the results have revealed the existence 
of discrete (juantised energy levels and sublevels pro- 
duced by the interaction of spin of the inner electrons 
and their orbital angular momenta. It has been 
possible to measure the energies of the atoms at these 
different levels very accurately and the results have 
led to the verification of the quantum theory of the 
atom. The discovery of the Compton effect, which was 
made possible only by the development of x-ray 
spectroscopy, also furnishes a striking evidence for the 
ciuantum nature of the photon. This phenomenon 
provides the unique example in which the flow of 
photon-energy in bundles along definite directions is 
beautifully demonstrated by the conservation of the 
momenta of the incident and scattered photons and of 
the recoil electron. Probably the discovery of this 
diminution in the size of the photon caused by its 
interaction with the electrons in the matter led to the 
search for a similar phenomenon in the optical region, 
and the Raman effect, in which the photon is either 
diminished or increased in size during the process of 
scattering, was discovered by Raman in 1928. 

As regards the techniciuc for producing x-rays for 
different purposes, vast improvements have been 
made in it since the ordinary electron tube in glass 
bulb was designed by Coolidge. For the purpose of 
medical radiography shockproof oil-immersed tubes 
are available in the market now, complete with such 
control units as enables the radiologist to get the 
radiograph only by i)rcssing a button. Such x-ray 
plants can be seen in large numbers in large cities 
of every country and fortunately, India does not lag 
behind other countries in utilising .such plants for 
medical diagnosis and surgery. For radiotherapy 200 
k.v. plants in which the x-ray tube is cooled by being 
completely immersed in oil which is circulated by 
mechanical pump are available, and these are widely 
used in many x-ray clinics and hospitals of large 
cities. There are a few such plants in India also. 

Penetrating x-radiation has also been used in in- 
dustrial radiography. For this purpose 400 k.v. 
plants with the transformer and x-ray tube immersed 
in oil circulated by mechanical pump together with 
control units for the automatic control of the exposure 
are sold by a few manufacturing firms. Such plants 
are used for testing local defects inside metallic cast- 
ings or rolled sections. vSince higher voltages are more 
suitable for examining thick sections, attempts have 
been made to produce high voltage plants. Million- 
volt x-ray plants have thus been constructed, the 
source of high voltage being obtained by two dis- 
tinctly different types of apparatus, one of them being 
the high frequency transformer. The most recent in- 
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vention in this direction is the ‘Betatron* in which 30 
million volt x-rays can be produced, but such a radia- 
tion has been used only for transmutation of elements 
and not for any radiographical purpose. India, how- 
ever, lags behind other countries in the utilisation of 
x-rays for industrial purpose and there is not even a 
single laboratory in India in which a 400 k.v. plant 
is being used for taking radiographs of metals. It is 
hoped that the Institute of Metallurgy which is going 
to be established very soon at Tatanagar will possess 
ail well equipped radiological laboratory. 

The technique for x-ray analysis of crystal struc- 
ture has also been improved very recently. Ordinary 
demountable Shearer and Hadding tubes were gene- 
rally used formerly in most of the laboratories. 
Demountable electron tubes with fixed anticathodes 
are now available in the market, with which a power 
much higher than that employed in the two types of 
tubes mentioned above can be obtained. This type 


of tube has further been improved considerably by 
making the target cither rotating or oscillating. With 
such tubes currents of the order of i amp. at 35 k.v. 
can be obtained and the exposure required for photo- 
graphing a diffraction pattern cmplo5ring such a tube 
is only about one twentieth of that used in the case 
of a K.W. Hadding tube. 

Thus the discovery of x-rays has been respon- 
sible for the amelioration of human suffering, for vast 
improvements in many industries and for the advance- 
ment of our knowledge in atomic physics. The x-rays 
produced in the “Betatron** may also lead to the 
advancement of our knowledge in nuclear physics. 
There are very few discoveries in physics which have 
so many practical applications and have led to so 
many further new fundamental discoveries as this 
discovery of “invisible radiation** by Wilhelm 
Konard Rontgen. 


JUBILEE OF SIR J. C. BOSE’S INVESTIGATIONS WITH 
CENTIMETER RADIO WAVES 

D. M. BOSE 

BOSS INSTITUTB, CAMX7TTA 


TN view of the accounts which have appeared in 
many journals of the rapid technical development 
during the war of Radar or Radio location method 
used for the location of objects in space by means 
of radio waves, it will be of interest to readers of 
SciENCR AND Cui.turB to leam some thing of the 
pioneer investigations of Sir J. C. Bose with short 
radio waves. It is just over half a century ago, in 
May 1895, that Bose communicated to the Asiatic 
Society of Bengal his first paper on the subject 
entitled ‘On the Polarization of Electric Rays by 
double refracting Crystals*. In this paper Bose 
describes the apparatus used by him to obtain electro- 
magnetic radiation of wavelength of the order of 
5 mm. The interest of these investigations at the 
present time is that radiations of the same order of 
wavelengths are being used for radar detection, as 
a result of what Sir Robert Watson- Watt describes 
as the Centrimetric Revolution {Nature, 1^6, 319, 
1945). ‘The greatest revolution of all, however, was 
the campaign for centrimetric wavelengths. It had 
been made clear that the major defects of air borne 
radars, and many of the defects of the ground borne 
radars were curable only by the use of an extremely 
fine pencil of radiation. Such a pencil could only 
be formed by an antenna and reflector system having 


an aperture of many wavelengths .... by the use of 
wavelengths less than 10 cm.* The present method 
of generation of extremely powerful radiation of such 
short wavelengths was made possible by the appli- 
cation of the resonator cavity technique to the 
relatively ineffective magnetron of the previous days. 

Bose*s aim in these investigations was to show 
that electric wavv^vS possessed all the characteristic 
optical properties of light waves, and it was nece- 
ssary for this purpose to use as small a wavelength 
as possible. The usual large wavelength radiations 
used by Hertz and Lodge required optical apparatus 
of v“ry large dimensions, which gave rise to 
uncontrollable stray radiations by diffraction effects. 
Bose*s apparatus eliminated all stray radiation 
and a narrow pencil of beam was obtained which 
could be made divergent or parallel by means of 
focussing arrangements. Bose*s small and compact 
apparatus at once attracted the appreciative attention 
of many leading physicists of Europe and its des- 
cription appeared in a text book by Poincare, in an 
Encyclopaedia Bfittanica article by J. J. Thomson, 
and in several other text books. We give below 
Bose*s own description of his apparatus which is 
contained in a Friday Evening Discourse given by 
him in the Royal Institution in January Z897. 
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“For the production of oscillatory discharge, experiments one does not require more than fifty or 

Hertz used plates or rods with sparking. balls at the a hundred sparks, which do not in any way affect 

ends. He found that the sparks ceased to be oscil- the radiator. As an electric generator I use a vsmall 

latory as soon as the surface of the sparking balls and modified form of Ruhmkorff’s coil, actuated by 

became roughened ; there was then a leak of elec- a single storage cell. A spark is produced by a short 

tricity, and no sudden discharge. The trails had to contact and subsequent break of a tapping key. 

be taken out every now and then for repolishing, With these modifications one of the most trouble- 

and the process was tedious in the extreme. Prof, some sources of uncertainty is removed. The coil 

Lodge made the important discovery that if two side and the cell are enclosed in a small double-walled 

balls were made to spark into an interposed third metallic box, with a tube for the passage of the 

ball, the oscillatory nature of the discharge was not electric beam. The magnetic variation due to the 





Sir Jagadisli Chandra Bose photographed iii 1897 with liis short electric wave apparatus. A. radiator; 
B. spectrometer table; C. ebonite prism; D. receiver; E. galvanometer and cell; F. Jarap with scale; 
O. crystal holder; other accessories lying on table. 


affected to so great an extent by a change in the make and break of the primary of the Ruhmkorff's 
nature of the surface. But even here the disintegra- coil, disturbs the receiver. This difl5.culty is removed 
tion of the sparking surface produced by a torrent by making the inner box of soft iron which acts as 
of sparks soon puts an end to oscillation. I found a magnetic screen. 

this difficulty removed by making the balls of A few words may here be said about the 
platinum, which resists the disintegrating action, necessary conditions to be kept in view in making 
I also found that it was not at all necessary to have an electric wave apparatus an instrument of precision, 
a series of useless sparks, which ultimately spoils the If one merely wishes to produce response in a receiver 
efficiency of the radiator and makes its action at a distance, the more energetic the vibration is, 
uncertain. A flash of radiation for an experiment is the more likely it is to overcome obstacles. The 
obtained from a single spark, and for a series of waves may with advantage be of large size, as they 
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possess very great penetrative power. The surface 
or the depth of the sensitive layer in the receiver 
may be extended, for if one part of it does not 
respond another part will. But for electro-optical 
investigations the conditions to be fulfilled arc quite 
different. Too great an intensity of radiation makes 
it almost impossible to prevent the disturbance due 
to stray radiation. As the waves are invisible, it is 
difficult to know through what unguarded points 
they are escaping. They may be reflected by the 
walls of the room or even by the person of the 
experimenter, and falling on the receiver disturb it. 

The radiation falling on any portion of the 
receiving circuit, the leading wires or the galvano- 
meter, disturbs the sensitive receiver. It is extremely 
difficult to shield the receiving circuit from the dis- 
turbing action of stray radiation. All difficulties 
were, however, successfully removed by the use of 
short electric waves. With these, it is not at all 
necessary to take special precautions to shield either 
the galvanometer or the leading wires, the sensitive 
layer in the receiver alone being affected by the 
radiation. The bare leading wires may be exposed 
in close proximity to the source of radiation, and 
yet no disturbance is produced. 

For experitnental investigations it is also nece- 
ssary to have a narrow pencil of electric radiation, 
and this is very difficult to obtain, unless waves of 
very short length are used. With large waves 
diverging in all directions and curling round corners, 
all attempt at accurate work is futile. For angular 
measurements it is necessary to direct the electric 
beam in the given direction along narrow tubes, and 
receive it in another tube in which is placed the 
receiver. The waves experience great difficulty in 
passing through narrow apertures, and there are 
other troubles arising from the interference of direct 
and reflected waves. All these drawbacks were 
ultimately removed by making suitable radiators 
emitting very short waves ; the three radiators here 
exhibited, give rise to waves which are approximately 
% inch, % inch and i inch in length. The intensity 
of emitted radiation is moderately strong, and this 
is an advantage in many cases. It sometimes 
becomes necessary to have a greater intensity without 
the attendant trouble inseparable from too long 
waves. I have been able to secure this by making 
a radiator, where the oscillatory discharge takes place 
between two hollow hemispheres and an interposed 
platinum ball. The intensity of radiation is by this 
expedient very greatly increased. The parallel 
pencil of electric radiation, used in many of the 
experiments to be described below, is only about 
one cm. in diameter. The production of such a 
narrow pencil became absolutely necessary for a 
certain class of investigations. Merely qualitative 
results for reflection or refraction may no doubt be 


obtained with gigantic mirrors or prisms, but when 
we come to study the phenomena of polarization as 
exhibited by crystals. Nature imposes a limit, and 
this limitation of the size of the crystals has to be 
accepted in conducting any investigation on their 
polarizing properties. 

The greatest drawback, however, in conducting 
experimental investigations on the optical properties 
of electric radiation arises from the difficulty of con- 
structing a satisfactory receiver for detecting the 
radiation. For this purpose I at first used the original 
form of coherer made of metallic filings as devised 
by Professor Lodge. It is a very sensitive detector 
for electric radiation, but unfortunately its indications 
are often extremely capricious. 

The conditions for a satisfactory receiver are the 
following : — 

(1) Its indications should always be reliable. 

(2) Its sensitivenes should remain fairly uniform 

during the course of the experiment. 

(3) The sensibility should be capable of varia- 

tion, to suit different experiments. 

(4) The receiver should be of small size, and 

preferably linear, for accurate angular 
measurements. 

These conditions seemed at first almost impos- 
sible to attain ; the coherer sometitnes would be so 
abnormally sensitive that it would react without any 
apparent cause. At other times, when acting in an 
admirable manner, the sensitiveness would suddenly 
disappear at the most tantalising moment. It was 
a dreary experience when the radiator and the receiver 
failed by turns, and it was impossible to find out 
which was really at fault. 

From a series of experiments carried out to find 
the causes of the erratic behaviour of the receiver, 1 
was led to suppose that the uncertainty in its rCvSponsc 
is probably due to the following ; — 

(1) Some of the particles of the coherer might 

be in too loose a contact against each 
other, whereas others might be jammed 
together, preventing proper response. 

(2) The loss of sensibility might also be due to 

the fatigue produced on the contact sur- 
faces by the prolonged action of radiation. 

(3) vSince the radiation was almost entirely 

absorbed by the outermost layer, the inner 
mass, which acted as a short circuit, was 
not merely useless but might introduce 
complications. 

For these reasons I modified the receiver into a 
spiral-spring form. Fine metallic wires (generally 
steel, occasionally others, or a combination of dif- 
ferent metals^ were wound in narrow spirals and laid 
in a single layer on a groove cut in ebonite, so that 
the spnals coidid roll on a smooth surface. The spirals 
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are prevented from falling by a glass slide in front. 
The ridges of the contiguous spirals made numerous 
and well-defined contacts, about one thousand in 
number. The useless conducting mass was thus 
abolished, and the resistance of the receiving circuit 
almost entirely concentrated at the sensitive contact 
surface exposed to radiation. If any change of 
resistance, however slight, took place at the sensitive 
layers, the galvanometer in circuit would show strong 
indications. The pressure throughout the mass was 
made uniform as each spring transmitted the pressure 
to the next. When the contact surfaces had too long 
been acted on, fresh surfaces could easily be brought 
into operation by the simultaneous rolling of all the 
spirals. 

The sensibility of the receiver to the radiation, 

I found, depends (i) on the pressure to which the 
spirals are subjected, and (2) on the K.M.F. acting 
on the circuit. The pressure on the spirals may be 
adjusted, as will be described later on, by means 
of a fine screw. The E.M.F. is varied by a potentio- 
metcr-slide arrangement. This is a matter of great 
importance, as I often found a receiver, otherwise 
in good condition, failing to respond when the 
E.M.F. varied slightly from the proper value. The 
receiver, when sub’ccted to long-continued radiation 
undergoes exhaustion. The sensibility can, however, 
be maintained fairly uniform by slightly varying the 
E.M.F. to keep i)ace with the fatigue produced. 

The receiving circuit thus consists of a spiral- 
spring coherer, in series with a voltaic cell and a 
dead-beat gidvanometer. I'he spirals are placed 
between two pieces of brass, of which the upper one 
is sliding and the lower one fixed. These two pieces 
are in connection with two projecting metallic rods, 
which serve as electrodes. An electric current enters 
along the breadth of the top spiral and leaves by the 
lowest spiral, having to traverse the intermediate 
spirals along the numerous points of contact. When 
electric radiation is absorbed by the sensitive surface, 
there is a sudden diminution of the resistance, and 
the galvanometer spot is violently deflected. 

By means of a very fine screw the upper sliding 
piece can be gently adjusted in or out. The spirals 
can thus be very gradually compressed, and the resis- 
tance of the receiver diminished. The galvanometer 
spot can thus easily be brought to any convenient 
position on the .scale. When electric radiation falls 
on the sensitive surface the spot is suddenly deflected. 

The receiver thus constructed is perfectly 
reliable ; tlie sensibility can be widely varied to suit 
different experiments, and this sensibility can be 
maintained fairly uniform. The sensitiveness,, when 
necessary can be exalted to almost any extent, and 
it is thus possible to carry out some of the most 
delicate,, experiments (specially, on polarisation) with 


certainty. In my more recent apparatus I use a 
single-contact receiver made of steel, nickel, alumi- 
nium or magnesium. These receivers can not only 
be made extremely sensitive, but also highly reliable. 

The main difficulties having been thus removed, 

I attempted to construct a portable apparatus, with 
which all the experiments on electric radiation could 
be carried out with almost as great an ease and 
certainty as corresponding experiments on light, and 
with w'hich even quantitative results could be obtained 
with fair accuracy. 

The complete apparatus is here exhibited ; all 
its different parts, including the galvanometer, and 
all the accessories for reflection, refraction, polarisa- 
tion, and other exi)erimenls are contained in a small 
case only 60 cm. in length, 30 cm. in height and 
30 cm. in breadth. The apparatus can be set up 
and various adjustments made in the course of a few 
minutes. 

The radiating apparatus is 15x12x7 cm., the 
size of a small lantern. It contains the coil and a 
small storage cell ; the radiator tube is closed with 
a thin plate of ebonite to prevent deposit of dust 
on the radiator. One charge of the cell stores enough 
energy for numerous experiments. It is always ready 
for use and requires very little attention. A flash 
of radiation for an experiment is produced by a single 
tap and break of the interrupting key. 

The radiating apparatus and the receiver are 
mounted on stands sliding on an optical bench. 
Experiments are carried out with divergent or parallel 
beams of electric radiation. To obtain a parallel 
beam, a lens of suli)hur or glass is mounted in a tube. 
Suitable lenses can be constructed from the accurate 
determination, which I have been able to make, of 
the indices of refraction of various substances for 
the electric ray, by a method which will be described 
later on. This lens-tube fits on the radiator-tube, 
and is stopi)cd by a guide when the oscillatory spark 
is at the princii)al focus of the lens. The radiator- 
lube is further provided with a series of diaphragms 
by which the amount of radiation can be caried. 

For experiments requiring angular measurement, 
a spcctromcter-circle is mounted on one of the sliding 
stands. The spectrometer carries a circular platform, 
of which the various reflectors and refractors are 
placed. The platform carries an index, and can 
rotate independently of the circle on which it is 
mounted. The receiver is carried on a radial arm 
(provided with an index), and points to the centre of 
the circle.** 

With the help of this apparatus Bose carried on 
investigations on absorption of the radio waves in 
different substances, . the verification with them of 
the laws of reflection, determination of the refractive 
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indices of several dielectric substances transparent to 
these radiations, double refraction and polarisation 
in crystals, strain double refraction, anomalous con- 
ductivity associated with certain types of polarisers, 
rotation of plane of polarisation by a bundle of 
twisted jute fibres etc., Bose further carried out in- 
vestigations on the possibility of using such radia- 
tion for signalling through space. He used upright 
rods with metal plates as antennas for the sending 
and receiving of signals. The possible commercial 
applications of his discoveries attracted the attention 
of certain British firms. Bose was, however, more 
interested in pure research, and in founding a school 
of research in his own country, and the question of 
practical utilization of his discoveries did not attract 
him. Bose’s apparatus perfect in its own way, how- 
ever, cannot be expected to rival the perfonnance of 
modern short wave senders used for radio location 
and television. But his discoveries could have been 
made the starting i)oint of many promising applica- 
tions in this country had a suitable environment for 
the utilization of such discoveries existed then. There 
was not and even now probably there is not that wide 
awakenedness in our country on the necessity of 
developing and utilizing for practical purposes new 
discoveries made by our own countrymen in this 


country. Bose’s investigations with micro-waves 
did not lead to any effort for development of radio 
communication. His investigations on photo con- 
ductivity and contact rectification in semiconductors 
like selenium, which have found important technical 
applications in Europe and America have not been 
followed up here. Recent reports from Russia indi- 
cate that photo-electric current per unit light intensity 
obtained from a tantalum sulphide-iron combination 
is twenty-five times greater than that given by sele- 
nium iron combination. Such photo cells have now 
become sufficiently efficient to make it practicable 
to set up large batteries of them in desert places for 
the conversion of solar energy into electrical energy. 
No attempt has yet been made to develop Bose’s 
exceedingly sensitive magnetic Radiometer into a 
precision apparatus for radiometric measurements. 
We have to confess that in the Bose Institute wc 
have concerned ourselves only with the extension 
of the founder’s plant physiological investigations, 
and w^e have not explored the practical application of 
his physical discoveries and inventions. Limitation 
of our own resources, war-time shortage of necessary 
materials and the difficulty of getting suitably trained 
men, who are attracted by better terms elsewhere, 
have restricted our activities in this direction. 


ANTIBACTERIAL SUBSTANCES FROM MOULDS 

P. NANDI 

OKPARTMKNT OF M1CRORIOI.OGY, BOSS RESEARCH INSTITUTE, CALCUTTA 


Introduction 

JT is well-known that in mixed cultures of micro- 
organisms, a particular species by its presence 
may suppress completely or partially the growth of 
other species. This phenomenon which has recently 
attracted the special attention of microbiologists and 
chemists has been explained on the assumption that 
in most cases the metabolic product of one, while 
relatively harmless to itself, may become harmful 
or extremely toxic to a different species. If there 
are two micro-organisms A and B, of which A 
suppresses the growth of B, and if B is pathogenic 
to man while A is non-pathogenic, there arises the 
possibility of isolating a new chemotherapeutic agent 
from the metabolic filtrate of the non-pathogenic 
organism A. The recently discovered Penicillin 
belongs to this type of mould product. 

In recent years the antibacterial substance pro- 
duced by several species of Penicillium and specially 


by P. Notatum has attracted a great deal of atten- 
tion, chiefly amongst medical men, due to the fad 
that it has several advantages over the established 
synthetic compounds of the sulphonamide group as 
being less toxic or non-toxic to the human system. 
Antibacterial agents available upto a few years ago 
belonged usually to a dags of protoplasmic poisons 
and their activity was explained in terms of their 
ability to denature proteins of the microbial cells 
or to produce oxidation of the protoplasmic consti- 
tuents. The* mode of action of the siilphonamides 
has been investigated and it has been established 
that these drugs arc primarily bacteriostatic and not 
bactericidal. They interfere with the nutrition of 
the susceptible bacteria either by combining with 
the substratum of the organism or by their action 
upon the cells which prevent them from utilizing lln^* 
available nutrition. The mould antibacterial products 
like Penicillin appear to react in a similar manner. 
The present report deals with the determination of 
the optimum conditions necessary for the production 
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of an antibacterial substance from a related strain of 
Pmicillium Cilrinum Thom, 

Expkrimrntal 

Culture : The culture of Pcnicillium used for 
this investigation was isolated from the local garden 
soil of which a stock of pure culture is being main- 
tained. This species of renicilliuiii is closely related 
to P. citrinum in most of its characteristics. The 
biochemical reactions .specially the characteristic 
ferric chloride reaction with the metabolism solution 
are identical with the ol 3 scr\'ations of the previous 
workers on this strain. The metabolic filtrate of the 
fungus is coloured yellow-orange in a modified 
Czapek-Dox medium, 


changes occurring in the media during the growth of 
the fungus were analyzed daily commencing from 
the second day of incubation and different tests were 
made with a view to trace the appearance and growth 
of the antibacterial substance in the substratum. 
The results are .siinimarizcd in table 1 and arc repre- 
.sented by curves in figs, i iS: 2 ; (i) changes of 
pH, (2) residual gliico.se, (3) absorption of bromine, 
(/\) reaction with KMiiOg soln, (5) reaction with 
FcClg soln. and (6) test of antibacterial potency. 

C hange of pll : — The figures for change of pll in 
the table are represented in the graph .showing that 
there is an initial fall of pll starting with f>’4. The 
value decrea.ses upto a minimum of 3'^ and remains 
con.stant for 2—4 con.secutive days, followed by a 
Steady rise with a final attainment of the highest 
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Media : — The growth of the fungus has been 
observed on several synthetic media with suitable 
modifications in most cases. vStandard Cz-l)ox com- 
position has been taken as the basal nutritive 
medium. The modifications were made with the 
addition of, {a) extracts of fruits and other vegetable!;, 
(/>) organic acid salts (citrates, tartrates and acetates), 
liquivalent .substitutes of the constituents of the ba.sjd 
media are also used. Nitrates are .sub.stituted by 
amino acids and glucose by disaccharides and mono- 
saccharides. 

Technique for Routine: P'xfkrimknts 

For all routine experiments 50 c.c. of the liquid 
niedia were placed in 250 c.c. Erlenmeyer flasks, 
(depth of the liquid being less than 2 c.m.) plugged 
with cotton wool and sterilized at ro lbs. pres.sure f‘)r 
20 minutes except in the case of media containing 
potato extract. Kiich batch is .sown with a susi)ension 
of spores from freshly-grown fungus in wort-agar 
slants. The flasks were incubated in a room having 
controlled temperature condition at 22®C. The 


value of 7 ’5. It appears from the curves that a 
distinct acidic reaction of the substratum is favour- 
able for the production of the antibacterial substances. 

Residual Suji'ar : — The utilization of glucose is 
represented by figures of residual sugar estimated by 
Hcnedict’s quantitative method. I'he rate of con- 
snmidion is .slow uidil the first 48 hours of incubation 
and a marked increase in the rate is observed during 
the later 48 hours, when the formation of si)ore.s 
becomes complete and the protluclion of antibacterial 
substance begins. At this stage the sugar content 
comes down to 1% or less and the remaining quantity 
of .sugar is consumed very slowly. The highest titre 
of activity of the metabolic filtrate is attained after 
06 hours of incubation and remains constant for at 
least 48 hours followed by a rapid reduction. The 
complete disappearance of the sugar may result in 
the de.struction of the antibacterial substance ex- 
cretcil into the medium. 

Bromine Absorption ; —vSat lira ted aqueous solution 
of bromine is carefully' added from a finely graduated 
10 c.c. burrette to t c.c. of the test solution. The 
figures in the table indicate the required amount in 
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each case. It appears that there is a fall in the rate 
of absorption of bromine with the age of the culture 
and it is proportional to the reduction of anti- 
bacterial titre. 

Reaction of KMnC\ Solution: — The metabolism 
solution of I c.c. quantity is titrated with N/5 
KMn04 solution. The figures in the table indicate 
the amount of KMn04 solution required for i c.c. 
of the test solution. The reaction of the medium 
becomes alkaline during the latter period of growth 
of the fungus when the titre value of KMn04 also 
diminishes, and the production of antibacterial 
substance is proportional to the intensity of KMn04 
reaction. 


sterile conditions. Dilution of the filtered solution 
from 1:5 to 1 : 50 were made in 5 ml. quantities of 
glucose-broth (pH 7*2). Each tube is seeded with 
a loopful of 24 hour culture of staphylococcus aureus 
and incubated at 37®C for 48 hours. The result 
recorded are given in the table. Complete inhibition 
of bacterial growth was found at dilutions upto i : 30 
and partial upto i :4o. The turbidity of the broth 
media indicates failure of inhibition as clearness in- 
dicates complete inhibition of bacterial growth. The 
unit of bacteriostatic activity chosen here is in 
accordance with Waksman’s suggestion. (One unit 
activity with reference to the test organism = 10/ 
amount of culture filtrate necessary to inhibit growth 



Reaction with FcCla Sol. : — Ferric chloride, at 
first, gives a deep iodine-brown precipitate with the 
filtered metabolism solution and on addition of 
excess of the reagent the precipitate dissolves. The 
colour reaction has a wide range varying with the 
length of incubation i^eriod. The antibacterial 
property of the metabolism solution of a particular 
batch will be negligible, if in case, the ferric chloride 
reaction is negative. 

/455ay of Anti-hqcterial Potency : — The anti- 
bacterial powers of the culture-filtrates were deter- 
mined according to serial dilution method. A glucose- 
broth medium containing the following substances, 
viz., Peptone 1%, NaCl 0*5%, Beef ext. (Difeo) 0*3% 
and glucose 2'o%, (pK 7*2) was selected. 

The metabolism solution is passed through Seitz 
Filter and preserved in well-stoppered bottles under 


of the test organism in 10 ml. of nutrient broth). 
Several strains of P. notatum Westliiig were grown 
and the activity of their culture filtrate w'as tested. 
The results varied between a minimum of 10 to a 
maximum of 500 units of activity. The cause of 
this wide variation is due to the specificity of strains 
in producing antibiotic substances. 


DiSCUSvSION 

In the present investigation, an attempt has been 
made to study the changes occurring in the composi- 
tion of the media during the incubation period of 
the organism. The selected basal media is modified 
Czapek-Dox solution. The variation in the com- 
position of the medium is, made with the basal 
nutrient solution as standard. 




December, 1945 


antibacterial substances from moulds 


293 


A change is set up in the medium at the initial 
stage and the reaction proceeds from alkaline to 
acidic, which favours both vigorous growth of the 
organism and production of anti-bacterial substance. 
In the later phase of growtli a reversion towards 
alkalinity in the metabolism solution takes j)lacc ; 
this is supposed to be one of tlie causative factors 
for the rapid inactivation of the active substance. 


potassium permanganate and ferric chloride probably 
indicate the presence of a single or a group of organic 
compounds synthesized during the metabolic process 
of the organism. The intensity of these reactions in 
the routine samples of the metabolism solution is 
proi)ortional to the activity of the anti-bacterial 
substance thus produced.* 



HKiS 07 XHCUBATIOK 

Fi.g. 2 


Glucose, the simplest source of carbohydrate, is 
used and its absorption is elTected without being 
interfered with by the complexity of intermediate 
reactions. The maximum growth of the organism 
is attained by the utilization of the major portion of 
the sugar in the medium. The formation of the 
anti -bacterial substance is probably not as a result 
of autolysis of the fungus, since the activity of the 
filtrate was rajndly reduced at the later period of 
incubation. Still, it remains to be determined 
whether the active substance is produced during the 
break-down of carbohydrates or synthesized in the 
cell-substance, and excreted afterwards into the 
substratum. 

The absorption of bromine and reactions of 
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UTILIZATION OF NUCLEAR FISSION ENERGY 


TN onr last issue (November it)/l5) we reproduced 
the contents of a pamphlet published by the 
British (k)vernment, entitled “Statements Relating to 
the Atomic Homb“. It contained an account of the 
investigations carried out in the United Kingdom 
culminating in the ])roduction of Atomic Bombs in 
the r. vS. A., after a pooling of the scientific and 
technical efforts in the U. K., Canada and the 
II. vS. A. The British narrative stops witli the deci- 
sion taken by the allies towards the end of 1943 to 
transfer the whole investigation to Canada and the 
U. S. A. 

A corresponding statement on the American part 
of the investigation has been prepared by Dr H. 
vSmyth entitled “A (leneral Account of the Develop- 
ment of Methods of Using Atomic Tower for Military 
Purposes Under the Auspices of the United States 
Government 1940-45”. The Review of Modern 
Physics lias announced its publication in its October 
issue, but in the mean time a brief account taken 
from the above document has appeared in the 
September issue of the Review of Scientific Jnstru- 
ments, which is intended to clarify the rather turgid 
popular accounts which have recently appeared 
describing research on atomic bomb. This account is 
reproduced here ; it gives an idea of the tremendous 
amount of energy released during the nuclear pro- 
cesses inv'olved in the production of Plutonium from 
thanium 2 38. 'Phe former element is being used to 
replace to a large extent in the making of atomic 
bombs. Por future industrial applications the heat 
dissipated during the production of Plutonium and 
its subsec luent fission will most i^robably be utilized. 
At the same time the dangers involved in the course 
of mamifactiire of this new element is stressed in the 
account. 

“All physicists knew in 1940 that there was a 
strong likelihood that a self-sustaining nuclear re- 
action could be set ui) in a sufficiently large mass of 
material which would undergo fission if bombarded 
with slow neutrons, especially if the mass contained 
material of low atomic weight and small neutron 
capture cro.ss section, present for the purpose of slow- 
ing down to thermal velocities the neutrons resulting 
from fission. The theoretical possibility of realizing 
such a self-sustaining fission ‘pile* (as it has come to 
be known) could not be stated without more exact 
determiniitions than had then been made of various 
cross • sections for neutron capture in uranium and 
other materials. The experimental test of the possi- 
bility required quantities of uranium which were not 
available in 1940. Such a 'pile* could in principle be 
controlled by inserting into it neutron-absorbing 
material ; it would be prevented from running away 


by the fact that a small but substantial fraction of 
the total number of neutrons emitted as a result of 
fssion were delayed by times up to one minute after 
the fission itself had occurred. 

Such a ‘i)ile* would evidently have possibilities 
as a power source, but it would not be much good 
as a bomb, for the time necessary to slow down 
fission-produced neutrons to the thermal velocities at 
which they could themselves produce other fissions, 
though small, was considerable. It was discovered in 
ic)4o, however, that undergoes fission when 

bombarded with fast neutrons ; a self-sustaining 
chain reaction involving U“**‘’ could presumably 
proceed with great explosive violence. This was very 
roughly the situation when security began to be im- 
posed on work in the field of nuclear fission. 

The administrative history of the nuclear projects 
is complicated and interesting ; it is traced by Smyth 
I)ut will not be reproduced here. Pearly efforts were 
devoted to establishing whether a chain reaction 
could l)e realized or was impossible, and to various 
explorations of the possibility of separating U^'**’ in 
bulk from natural uranium, in which it occurs to the 
extent of one part in 140. barge scale idants for the 
separation of U"*’’’ were built in Tennessee ; one was 
a gaseous diffusion plant with a great number of 
stages, and the other was a mass-spectrograph ty])e 
of separator operating at higli beam currents. The 
latter plant, whose first units were i)Ut into operation 
by the end of 1943, was later aided by a thermal- 
diffusion i>lant built to enrich the feed material. The 
great gaseous-diffusion separation plant was put into 
operation 'before tlie summer of 1945*, according to 
Smyth. Presumably enough U“*‘’ has been separated 
to permit its use in bombs ; the interesting story 
told by the Smyth report is nevertheless that of the 
self-sustaining fission ‘i>ile*, and of the atomic explo- 
sive resulting from its use. 

This story is interesting because it is told in 
greater detail. It is also interesting because practical 
atoii.ic power plants will — when they are i>ractical - 
derive from the ‘pile* as it is now known. And the 
superlatives which can be applied to the whole in- 
vestigation beggar comparison. 

While there was cpiite natural interest from 19^10 
on in the i)ossibility of constructing such a pile, and 
work was done at Columbia, Chicago, and Princeton 
to investigate its possibility. Dr K. O. Lawrence made 
a suggestion in May, 1941 which led to a redoubling 
of efforts in this work. His co-workers at the Radia- 
tion Laboratory in Berkeley had found, in experi- 
ments begun the preceding summer, that capture of 
a neutron by 11“®* was followed by two successive 
beta-ray disintegrations of the resulting U“®® nucleus 
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(half-lives 23 minutes and 2*3 days). The final atomic 
si)ecies, of atomic number 94 and atomic weight 239, 
was a relatively stable alpha-emitter of long-half-life. 
This new chemical element has been named pluto- 
nium (symbol Pu) ; the intervening element of atomic 
number 93 has been named neptunium (Np). Pu’’’*^ 
was found to undergo fission when bombarded with 
fast neutrons. It was therefore, like a substance 
suitable for use in an atomic bomb. Lawrence men- 
tioned this and suggested the large scale operation of 
piles specifically for the purpose of making plutonium 
in bulk ; he pointed out that this would result in 
making use of U*®®, which constitutes most of natural 
uranium, for atomic energy production. Plutonium, 
different chemically frotn uranium, could be separated 
by relatively simple processes frcmi uranium which 
had been bombarded by neutrons in a i)ile ; the 
difficulties of isotope separation were thus avoided. 

It was learned in the course of early experiments 
that a pile so nearly (made?) would not work, t};at 
great attention had to be paid to the purity of materials 
of which it is built. In particular, the ‘moderator* (as 
the substance used to slow down the fission neutrons 
is called) must not itself absorb neutrons appreciably, 
must have a relatively low atomic weight, and must 
not contain neutron-absorbing impurities. Carbon in 
the form of graphite has been mainly used as a 
moderator in practical piles. Uranium metal had 
been prepared in small amounts for special purposes 
before the war ; now it was not only needed by the 
ton, l.)Ut had to be of unexampled purity. By 
Xoveiuber 1942, six tons of uranium metal w’ere avail- 
al)le, and the first self-sustaining pile was ]>uilt at 
the University of Chicago, with graphite as a 
moderator. This first ran on December 2, at a power 
-produced by nuclear fission of about watt. On 
December 12, the power was allowed to increase to 200 
watts. The power level at which the \)ile operated 
was controlled by inserting strips of cadmium or of 
boron steel into slots in the structure. 

Success in operating this pile brought an imme- 
diate decision to construct large units for the pro- 
duction of plutonium. An yield of one kilogram per 
day of idutonium would recpiire the operation of a 
pile at a power of 500,000 to 1,500,000 kilowatts. 
Despite the immense extrapolation that was involved, 
high power piles were planned, and construction of 
the first of three such piles began on the site at 
Hanford, Washington on June 7, 1943. This first 
great pile was put into operation in Sei>tember 19441 
and all three piles were working by the .summer of 
1945. Shields, handling eciuipment, separation 
plants, and other equipment needed are all on the 
site at Hanford. 

Meanwhile, a pile of intermediate size w'as 
planned for the Clinton site in Tennessee. It was to 


lx? an air-cooled pile developing 1000 kilowatts. It 
was intended at first as a ]>ilot plant for the Hanford 
idles, which were originally planned for helium 
cooling, but the decision to water-cool these latter 
piles was later made. The Clinton pile began opera- 
tion on November 4, 1943, and was soon up to 500 
kilowatts. The first batch of uranium slugs from the 
pile went to the separating plant on December 20, 

1943 ; at\d by the end of January, 1944, of a ton 
of metal per day was coming out of the pile. 190 
milligrams of Pu had been separated by February i, 

1944 ; and several grams by March i. By May, tlie 
power of this pile had been raised to 1800 kilow'atts, 
and was increased still furtlier in June. 

Even though only tiny amounts of plutonium 
w-ere than available, the chemistry of this new' element 
liad been well worked out by the end of 1942. Pu 
is very similar to uranium ; uranium can be tliought 
of as the beginning of a sort of rare-earth family. 
Pu shows positive valences of 3, 4, 5, and 6. Its 
separation from uranium and fission products is 
accomplished by a precipitation process which w’as 
chosen on a knowledge of idutonium chemistry 
gained from experiments on less than one milligram 
of plutonium. This process has worked in a way 
exceeding all expectations in the operation of the 
Hanford plant. 

The difficulties ancillary to the main business of 
the project, hinted at in Smyth’s report, were prodi- 
gious l)Ut have been overcome. Health of workers 
had to be guarded despite the handling of tons of 
intensely radioactive material. Hundreds of tliou.sauds 
of kilowatts of power had to be dissipated; The 
utmost reliability was rccpiired in etpiipment neces- 
sary to Operation of the piles, for a breakdown would 
have rendered the pile perinanciitly useless because 
of the impossibility of repair w'orkmeii entering the 
shield surrounding the pile. The design of the air- 
tight, radiation-proof shields around the piles was an 
entirely new’ j problem. Previously unknown changes 
ill the properties of materials occur under the intense 
boiiibardiiient experienced by everything near or 
within the pile. Kilograms of intensely radioaqjivc 
fission products had to be disposed of in a way which 
would not be dangerous to human life. Tlie handling 
of uranium slugs ami the plutonium separation 
process have to be carried on by automatic machines 
controlled from behind shields. 

Finally, an effective and reliable bomb had to be 
made, either from or from PiP®'’. It appears 
from Smyth’s account that both materials may have 
been used. The job of designing the bomb was done 
by a research group at Los Alamos, near Santa Fe, 
New ^lexico. For reasons of security, Smyth’s 
descriiition of this w’ork is sketchy in the extreme, 
but he indicates that fundamentally the bomb is made 
by iirepariiig several pieces, each of sub-critical size 
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(too small to i)rodiice a chain reaction), which lit 
together lo form a mass well above critical size. 
These are kept separate until the bomb is to be set 
off, when they are brought together in a very special 
uiulescribed way. 

It is to be hoped that, now the war is over, the 
basic physics of nuclear engineering as it has been 
worked out during the war will be published to the 
greatest extent compatible with a sensible and con- 
sidercil view of security requirements. The enor- 
mous neutron intensities which are now available and 


the feasibility of producing most radioactive nuclei 
in i)onderable amounts, to mention two specific 
examples, promise enormous advances in post-war 
nuclear physics research. Smyth’s report, though it 
was doubtless allowed to appear partly to insure a 
wide appreciation of the revolutionary character of 
the atomic bomb, and thus enhance its psychological 
value as a weapon, suggests strongly that the handling 
of security concerning nuclear matters will be sensible 
and no stricter than is absolutely necessary. All 
physicists will applaud the wisdom of such a policy.** 


SOME ASPECTS OF FOOD PRESERVATION 


S. vS. DB, 

INDIAN INSTITUTK OF SClENCK, UANOAI.OKE 


VTARrOUS committees in different countries are 
planning for the future. The prime requisite 
for a good social order is the provi.sion of environ- 
mental conditions under which every one will enjoy 
liis or her inherited capacity for physiological well 
being. Balanced food adeciuate for health is funda- 
mental to well being. Man in the primitive ages 
used to take raw foods, but when they came to know 
the use of fire, they began to cook their food. 
Cooking early developed into an art and later, a 
science. As food became more abundant and more 
diverse, greater care was taken in its preparation 
partly because of the increased palatability of cooked 
food. To-day the purpose of cooking rightly applied, 
is to render food more tender, more digest able, more 
l)alatable, and also to destroy harmful micro- 
organisms. But very little attention is paid for the 
loss of minerals and vitamins in the course of cooking. 
Time, rate of cooking, utensil used and ratio of 
water to food (vegetables) are important factors in 
assessing the destruction of nutritive values such as 
vitamins and mineral elements. Before going to 
distuss the subject it will be useful to state the 
estimated average reciuirement of a man which is 
as follows : 

Protein 70 gms. 

Calcium 0*7 gms. 

Iron 12 tiignis. 

Vitamin A 4000-5000 I.tT. 

Vitamin B, P5-2 0 mgins. 

The above list seems to be not complete in 
itself as our present knowledge of vitamins have in- 
cluded vitamins like Pyridoxine, Panthothenic acid, 
Choline, Inosital, Biotin, /?-aminobenzoic acid, K, 
Hesperidin (P), Filtrate factor (W), and Folic acid 
their need not being established for man. So in the 
near future we may have to consider these vitamins 


Viraniin C 
Rihollaviii 
Nicotinic acid 
Vitamin D 


50-7.S iiignis. 

2-3 ingins. 
10-15 mgm.s. 
400 I.U. 


also. When one considers the food supply of the 
country with respect to the nutrients per head of the 
population, it should not be forgotten that it should 
be based on physiological needs. With increase of 
population and shortage of food one has to depend on 
processed foodstuff. With the advent of science we 
will be getting more of manufactured or processed 
foodstuffs for our needs. Such processings are adopted 
for various reasons, they may be to get the food in 
cooked condition or preserving it from spoilage due 
to storage. But whether such processes retain the 
nutritive value of the foodstuff should be iiivesligated 
in all its asi)ects. As a scientist we sliould not 
only concentrate f>ur attention to the nutritive 
value of the food but also look lo the taste and 
flavour of the product as they play an important 
role iu our digestion. Fuller investigation by manu- 
facturers, of Uie inffuence of their processes on the 
nutritive value of their products, is required. Tims 
food technology has a great future and food mami- 
factiirers greater responsibilities than what they liad 
in the past and they will have to play a big part in 
auaining a national nutritional policy of the country. 

lyCgislalioii is required for food manufacturers in 
securing adequate nutrition. Food manufacturers 
should try to retain all the minerals and 
vitamins present in the natural food. False 
advertisements regarding the quality of the food 
should be prohibited. As for fruit product it should 
be stated that it has been prepared from frcsli 
fruit and should contain a stated minimum ascorbic 
acid. No food should be permitted to be labelled 
“rich in vitamins’* unless it is definitely stated. 
The food manufacturers should give much care and 
bought not only for the qualities that attract the 
public but also in safeguarding the nutritional value 
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of the product. The scientist should not only help 
the manufacturers in their problem but should also 
educate the public as to what is nutritive or not. 

The main processes that have been adopted for 
the preservation of food arc : 

(i) Canning ; (2) Dehydration ; (3) Refrigeration. 

Canning . — Prior to 1800 the three methods 
known for preserving food were : (a) P'reezing, 

(b) dehydration, (c) addition of chemicals, such as 
salt, vinegar, sugar, smoking, fermentation etc. 
The name of Nicolas Appart is well connected with 
canning history. He was born near Paris in 1752 
and had spent mo.st of his life in kitclieiis, wine 
cellars and vineyards. He carried out a large 
number of experiments on preserving food products 
with clo.sed bottles as containers. In 1804 he was 
able to submit some products to the Minister of 
Marine at Best for testing. He was awarded a prize 
of 12,000 francs for his book cnlitlcd “The art of 
preserving all animal and vegetable substances for 
many years** published in t8io. Thus was born 
the canning industry. In the year 1810, Peter 
Durand, a merchant of Middlesex patented on the 
use of tin containers for preserving food. But the 
commercial practice of canning dates from about 
1820, At present we are ac(iuainled with the ' 
general principles and outlines of it, but good deal 
is yet to be done to have a detailed and extensive 
knowledge of the subject. In canning relatively 
high temperatures arc employed in overcoming 
microbial infection than iti refrigeration and quick 
freezing, the process of deterioration being suppressed 
or inhibited. The i)rocessing as adopted in difTerent 
industries is ino.stly mechanical development of 
home cooking with greater scientific control to pro- 
duce a uniform quality. Canning gives long life to 
the commodities. It is generally expected that fruits 
will last a year, vegetables about five years and meat 
should keep for a longer period. The efficient pre- 
servation by canning depends not only on the 
(juality of the tin but also on the methods of tinning 
them. The efficiency of the displacement of air 
from the cans prior to .sealing is a factor of 
importance. Fair amount of work has been carried 
out as regards the loss of nutritive value in domestic 
cooking and in the prcjiaration of canned products. 
As for vitamin A and D they stand up to canning. 
\'"itamin C is present in satisfactory amount but 
preservation of vitamin Bi is a difficult proposition. 
The keeping quality of the vitamins of the 
complex in canned food has not been systematically 
investigated. 

Refrigeration. — From time immemorial ice and 
snow have been used for preserving foodstuffs, but 
the manufacture of artificial ice for chilling food- 
stuffs was developed on a commercial scale from 


about 1875, but many setbacks were experienced and 
until recently no systematic research was carried 
out. It was only about five years ago that the 
behaviour and structure of foodstuffs during chilling, 
freezing, during storage and effect of the atmosphere 
ill storage began to be investigated in a systematic 
manner. The temperature, the air humidity and 
the air movement have been found to be important 
factors, but recent commercial practices have shown 
that .storage atmosphere is one of the main factors 
controlling the long life and quality of stored food- 
stuffs. 

Birdseye judging the ini|)ortance of food preser- 
vation by refrigeration remarked that in the last 
thirty years, the use of mechanical refrigeration has 
grown so tremendously that no urban population in 
the United States could survive for more than thirty 
days or so without cold storage foods (ff one sort or 
another. New York could not live for more than 
ten days to two weeks without cold storage foods. 
In ordinary cold storage it takes from three to 
seventy two hours depending on their bulk, and 
the particular methods and facilities employed and 
during that time ripening of the living materials 
occurs and spoilage by moulds and bacteria. This 
has been prevented by quick freezing process which 
lircserves the fresh colour, flavour and palatability 
of fruits and vegetables better than any other method 
of food preservation. There are a number of 
methods for (juick freezing and they may be grouped 
into three classes : 

(i) freezing by direct immersion in brine ; 

{2) freezing by indirect contact with refrigerant ; 

(3) freezing in bla.st of cold air. 

Freezing, especially the modern method of rapid 
freezing, is probably the most successful procedure 
for preserving the nutritive quality of fresh fruits 
and vegetables. Meat and fish lose little of their 
nutritive value after storing for long periods in the 
frozen state. Refrigeration of foodstuff has been so 
perfected that sole has been kept in Tory Research 
Station at Aberdeen at--3o^C. for at least four years 
in such state that it could not be distinguished from 
fresh S()le as regards its palatability and freshness. 
The modern tendency is to refrigerate meat, fish, 
butter and cream at a very low temperature { — tS^C.). 
Such a low temperature is required because of the 
microbiological action and o^Cidation of fatty tissues, 
which become negligent in such low temi)eratures. 
But for vegetables less intensive degree of cooling is 
rct|uired. The duration of safe storage of chilled 
foodstuffs has I)een extended by increasing the 
carbon dioxide content of surrounding air — a pro- 
cedure known as gas storage. Some amount of work 
has been done on the conservation of vitamin C in 
vegetables but more detailed information is required 
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as to the optinuim conditions for different type of 
vegetables. 

Dehydration . — KoodstufFs such as dried fruits 
and dried milk have long been articles of coinmerce. 
Tile main advantage about dehydration is that it 
requires less space. The cmiservation of tin plate has 
given an impetus to the processing of food by dehy- 
dration. I'ehydration is conducted in a stream of hot 
air until the water content of the material l)eing dried 
is reduced below 5 per cent, the temperature of the air 
stream being raised according to the type of material. 
Dehydrated foodstuffs, even if the water content is 
reduced below that necessary for the development 
of bacteria, are still i)erishable. In order that they 
may be processed efficiently their surface must be 
great in proportion to their, bulk, and this makes 
them susceptible to oxidation. The fats of dehy- 
drated meat, milk and eggs slowly change and 
develop ‘'off flavours”. The dehydrated products 
can be stored for long periods only if they arc sealed 
under an inert gas and kept at low temperature. 
Access of air or moisture, i)articularly at high tem- 
perature results in I'apid loss of the nutritive 
properties. In the dehydrated vegetables ascorbic 
acid and pro-vitamin A are destroyed rapidly unless 
the material is sealed in oxygen-free atmosphere. 
Retention , of colour, flavour, texture and vitamin- 
content during dehydration depends mainly on the 
destruction of oxidizing enzymes, by heat. This is 
acconqdislicd by “blanching** in steam, boiling water 
or boiling sodium .sulphite solution. The dehydrated 
food when reconstituted retains all the freshness of 
the natural product and in a recent exi)eriment 
with cabbage, a test was performed in which 400 
men were divided in two groups. To one group 
was given reconstituted dried cabbage and the other 
boiled fresh cabbage. The group having the dried 
cabbage left less on the plates than the other group. 
Moreover, the vitamin losses in the process of pre- 
cooking, drying and re-cooking has been found to 
be less than the ordinary process of cooking. 
Dehydration has certain advantages than the other 
methods of preserving foods, particularly when con- 
sidered in relation to vegetables. It extends the 
period and widens the area for use of a particular 
food. The chief drawback of refrigeration is that the 


material should be kept in refrigerated atmosphere 
till the time of consumption, whereas the outstanding 
merit of canning is longevity and that of drying 
tran.sportability. 

This may be explained with the help of the 
following table. 


Cabbage 


H eight Cubic ft. 

in lb. occupied 


Fresh 
Triiumcd 
Dried loose ... 
Dried blocked 


25 

17 

1 

1 


1-56 

0-9 

0-2 

003 


The other advantages of dehydration are that no 
special sterilization is required and also the cost of 
the conlainers is very small as the product is much 
reduced in volume. 


Conclusion 

Whether food stored by modern methods is as 
nutritious as fresh food is a question whicli has 
j occupied the attention of those concerned for some 
time past. There is so much to be learnt about food 
and nutrition that it is impossible to state categori- 
cally whether stored foods are as nutritious as 
fresh food. Many years of intensive work on large 
groups of human subjects would be required and 
even then it will be difficult to arrive at a definite 
decision. Nevertheless, useful information can be 
obtained by comparing the chemical composition of 
stored foods with that of fresh foods and the general 
conclusion can be accepted that relatively little loss 
occurs in foods stored by modern methods. vSatis- 
factory mitriti''n has been maintained by animals 
kept on diets composed solely of prcvServed foods. 
From available data it can be suggested that modern 
method of storing food cause little de.struction in 
their nutritive value. It can be concluded that food 
('f good initial (piality which has been stored by the 
best modern methods is likely to be .superior in many 
resi)ects to similar food that, though still technically 
fresh, is in reality stale. 
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POST-WAR INDIAN SHIPPING 

Thk second meeting of the Policy Commiltee on 
Indian Shipping was held in New Delhi on 
October 26, 1945, under the chairmanship of the 
Hon*hle Sir M. Aziziil Haqiie, Commerce Member, 
Government of India. It was decided to appoint a 
Sub-Committee to recommend inler alia a suitable 
tonnage target for Indian shipping and measures to 
regulate the shipping industry in general. The Sub- 
committee to be constituted, with Sir C. P. Rama- 
swami Iyer as chairman and Mr ^M. A. Master, 
Mr K. C. Neogy, Sir A. H. Ghaznavi and Mr W. L. 
A. Radcliffc as members, is to recommend (i) what* 
would be a suitable tonnage target for Indian shipping 
to be attained within a period of five to ten years ; 
(2) what i>erccntage shares of the maritime trade of 
India and other trades in which India is interested, 
both coastal and overseas, cargo and i^asscnger, 
should be secured for Indian shipping ; and (3) what 
measures should be taken (a) to regulate the 
shipping industry with a view to (/) preventing the 
formation or establishment of combines or niono- 
poHes or excessively large units with the industry 
and (ii) to ensuring that the number of shii)ping 
companies oi)erating is no larger than is economically 
adequate ; {b) to ensure a fair and equitable distri- 
bution, among existing companies and those yet to 
be established, of trades which may hereafter be 
secured for Indian shipping. 

Sir Azizul Haqne, in his presidential address, 
emphasized the strategic i)osition shipping industry 
occupies in the economic life of a country in the 
modern world. India, with her vast coast line and 
long tradition in this industry, is most favourably 
placed with regard to any future develoi)ment of 
the shijiping industry. At the outbreak of the war, 
she had no more than 30 ships with a total of less 
than 150,000 tons gross. Her inability to find 
adequate shipping from her own resources to pro- 
vide for the traihsport of the badly needed food 
supplies in this war when famine broke out in Bengal 
and other parts of India has been a pointer to the vul- 
nerability of India’s position in times of emergency. 
Sir Azizul rightly urged that “the acquisition of an 
adequate share in the world’s carrying trade shocild 
be the aim of our post-war shipping policy, and to 
this end steps should be taken to secure for Indian 
shipping, (i) an increased share of the coastal trade, 
including trade with Ceylon and Burma (the present 
share is estimated, at between 20-30 per cent.), (ii) a 


substantial share in the near trades, e.g., Persian 
Gulf, Ka.st Africa, ^lalaya and Dutch ^Kast Indies, 
Uii] a fair share in the Kasterii trades, especially 
those trades of which Japanese shipping will have 
been dispossessed, aiul (ir) a fair share also in the 
trade between India, on the one hand, and the U. K., 
the Continent of Kurope and North America, on the 
other.” 

Indian shipping has been a notorious instance of 
Imperial Preference and of protection of British com- 
mercial and trading interests to the utter disregard 
of national interests. It is high time, ])articularly 
now that we hav’c entered the first phase of the era 
of po.st-war reconstruction, that such Imperial Pre- 
ference and policy of safeguard of foreign interests 
must end. Much as we agree with the above aim 
of post-war shipping policy in India, wc are strongly 
of opinion that India should have cent per cent share 
in her coastal trade, and not merely *an increased 
share*. Coastal and inland shi])i)ing has everywhere 
been recognized as the exclusive right of a nation. 
The foreign Government of India has so long denied 
us this fundamental shipping right and has refused 
to curtail juivileges and monopolies enjoyed by 
foreign shipping companies in our coastal and inland 
waters. Coastal shipping is a national necessity, and 
it is the solemn responsibility of the Government 
to reserve it exclusively for indigenous shipping 
companies. 

CONFERENCE OF MEDICAL OFFICERS 

V’^ARious ])roblems concerning medicine and 
public health in India came up for discussion at a 
four-day conference of administrative medical ofiicers 
and directors of public health in the various pro- 
vinces, recently organized in Delhi, under the chair- 
manship of Lt. -General J. B. Hance, Director-General, 
Indian Medical Service. 

The methods of approaching, 'and the general 
policy to be pursued in tackling, the projects which 
lie ahead were discussed. Plans have been prepared 
to raise the standard of the existing medical facilities 
and jniblic health measures, and to extend them with 
.special reference to their availability to the poorer 
classes. The inadequacy of the nursing services was 
stressed by the delegates, and it was strongly urged 
that public opinion in India should grant to a nurse 
the social status and dignity freely enjoyed by these 
women in other countries. 

Malaria as a major economic problem was 
considered in its many aspects. The conference 
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recognized dangers to public health, arising from 
construction operations connected with large engineer- 
ing schemes and general industrialization. Such 
dangers, the conference suggested, can be removed 
by bringing such construction operations to the 
notice of the health authorities concerned before 
these are undertaken. 

Medical education, po.st-graduate training, sup- 
])lies of drugs and equipment and the possibilities of 
utilizing war surplus materials were also discussed. 

The conference showed anxiety to uphold every 
medical and public health measure which would 
increase the standard of the individuaVs health 
throughout the country and thereby improve the 
general economic level. 

RUBBER RESEARCH IN BRAZIL 

It is well known that Brazil was once the home 
of natural rubber and was one of the leading rubber- 
producing countries of the world until the appearance 
of the Far Kastern plantations. According to a 
report of the Journal of the Franklin Institute, 
August, 1945, the Brazilian Government has now been 
very keen on reviving this important and economic 
plantation. To this end, the Government established 
in IQ4I a research institution called the Institute 
Agronoinico do Norte (T.A.N.), located in the rubber- 
growing area near the mouth of the Amazon. A 
type of leaf-disease particularly affecting rubber trees 
long stood ill the way of successful plantation. 
Moreover, Brazil grows many types of trees yielding 
rubber of widely different characteristics. This in- 
volves systematic physico-chcmicjil re.search and 
testing. The purpose of the I.A.N. is to undertake 
research in these and other problems connected with 
botany, pathology, physiology, entomology, techno- 
logy, and economics of all agricultural processes and 
products of the Amazon valley. 

The I.A.N. works in close co-operation with the 
U. S. Department of Agriculture and the Bureau in 
the U. S. A., and also with the Ford Rubber Planta- 
tion in Brazil. By grafting a bud from a tree with a 
good yield of latex to one with a strong root system, 
the institute has produced a tree, resistant to leaf- 
disease and capable of yielding much greater rubber 
than the average wild rubber-tree of the jungle. An 
optimistic view is that, with a good sy.stem of rubber 
research and technical schools established in the 
Amazon valley, Brazil should be able to increase her 
rubber production and compete favourably in price 
and quality with both natural rubber of the Far East 
and the synthetic product of the United States. 

FOOD SUBSIDY 

Mr Darab Cursetjee Driver, in his presidential 
address at the third annual general meeting of the 
Engineering Association of India, gave a sweeping 


review of some of the outstanding post-war problems 
facing and distressing India today. He began with 
the new outlook created by the release of the atomic 
energy and referred to the problems of controls, 
black market, taxation, unemployment and its partial 
remedy by food subsidy, foreign capital investment 
in India, India’s sterling assets and other questions 
bearing on the industrialization of the country. 
Admittedly, one of the serious problems to be grappled 
with is widespread unemployment consequent upon 
the cessation of hostilities. This problem cannot be 
immediately solved, although starting of such projects 
as road-making, hydro-electric construction work, 
building construction and development of new indus- 
tries may to a small extent, if at all, ease the situation. 
Mr Driver advocates the subsidization of food as a 
palliative, as by this process prices of food stuffs can 
be kept down and unemployment made bearable. He 
said, “After the ist World War, unemployment was 
•bearable because food prices had not increased much. 
Unemployment when rice was 8 to 10 seers per rupee 
was tolerable because the unemployed could manage 
to live on the income of the earning members of their 
families, but with rice at 2 to seers per rupee, 
the unemployed would seek desperate remedies. 
France has recently announced a food subsidy 
equivalent to no million pounds. The progressive 
State of Mysore has provided in the current year for 
a food subsidy of Rs. 25 lakhs. The United Kingdom 
spends on food subsidy at the rate of X‘250 million a 
year.” 

Thus, even in India, Mysore has already set the 
example of food subsidy, with the result that the 
ceiling prices of rice and millets are about the lowest 
in India, barring a few producing areas in Madras 
and one or two other provinces. It stands to reason, 
therefore, that food subsidy should be immediately 
resorted to throughout India as a palliative against 
th’e scourge of unemployment before it gains sufficient 
momentum. 

ECONOMIC MINERALS BUREAU 

Thk 2 1st annual general meeting of the Geo- 
logical, Mining, and Metallurgical Society of India 
was held in Calcutta at the Royal Asiatic Society of 
Bengal on the 24th September last. 

Referring to the proposal for the establishment 
of an economic minerals bureau (see SciKNCis and 
Culture, X, p. 427), Sir Cyril S. Fox (the retiring 
President) said that the case of such a bureau was 
one for immediate action. The bureau, among other 
things, was meant to provide efficient and properly 
qualified geologists, mine surveyors, mining engineers 
and metallurgical experts to firms seeking such 
technical personnel. 

The idea behind the plan is further ^to supply 
accurate information /elating to the mining and 
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metallurgical industries thoughbut the world, and to 
carry on chemical analysis of mineral and metallic 
substances quickly, cheaply and efficiently. It is 
expected that such a minerals bureau should co- 
operate with any geological, mining or scientific 
institution and with the Government. If the bureau 
was organized on proper lines, it would be a paying 
concern and a business proposition. 

Presenting the annual report, the Honorary 
Secretary (Mr N. N. Chatterjee) said that in spite of 
the existing Government instilutions India need 
an economic minerals bureau like the one outlined by 
the Society without any further delay. It is also 
realized that there is enough scoi)e for the successful 
functioning of the proposed bureau, within a non- 
official organization like the Geological, Mining and 
Metallurgical Society of India for proper and efficient 
development of India’s mineral resources. 

The organizing committee expects to have the 
full co-operation from the Government, and the 
business magnates and industrialists, who are directly 
connected with mineral development of this country. 

Mr B. M. Birla who was the chief guest at 
the function said, “The industrialization of which 
there has been so much talk in the country, cannot 
be achieved until we have a much larger number of 
technically ((ualified scientists and engineers than we 
have at present.” He exi)ressed the hope that the 
Society would do all it could to bring an increase in 
the number of geologists, mining engineers and 
metallurgists so that their industrial progress would 
not be delayed for want of (pialified men. 

The following were elected to the various officCvS 
for the year 19.1.5-46: Dewan Bahadur Mr D. D. 
Thacker, President ; Mr Su.shil Chandra Ghosh and 
Prof. S. K. Roy, \lcc-Presidenis ; Mr N. N. 
Chatterjee and Prof. S. K. Bose, Joint Scerelaries ; 
Prof. B. N. Maitra, Treasurer ; Prof. S. Roy, 
Librarian ; Mr G. C. Chatterjee, Dr A. K. Dey, 
Mr Cliaiid Mall, Prof. T. N. Muthuswamy, Dr IC. P. 
Rode, Mr P. IT. Pandya, Mr M. C. vShoiiie and 
Prof. Daya Swamp, other members of the Council. 

PLEISTOCENE FLORA OF KASHMIR 

Thk Karewas of Kashmir has drawn the atten- 
tion of botanists in recent years. In 19341 
Salmi, discovered some fossiliferous spots near the 
village Laredura (on the north-east slopes of the Pir 
Panjal Range) near Gulmarg (Current Science, 5, 
1939). A year later, De Terra with Stewart made a 
large collection from a different .spot and these are 
described in De Terra and Paterson’s monograph 
entitled “Studies on the Ice age in India and 
Associated Human Cultures”, (Carnegie Institution 
of Washington, lOg, 1939). Since then many more 


new localities are discovered and large collection of 
fossil plants is made by G. S. Puri of Lucknow 
University. Puri has made a comprehensive study 
of his own collections and also those collected by 
Sahni, Stewart, De Terra, Jones, Middleniiss, 
Godwiii-Austen and \\ adia comprising .several 
thousand siieciniens. Invc.stigalion of these speci- 
mens throws considerable light not only on the 
significance of the temperate species in the pleistocene 
Jlora of Aashmir Imt also suggests changes of altitude 
and climate during the period. 

The occurrence of Woodfordia fruiicosa (at 
I.arediira, 6000 ft. alt.), which is significantly absent 
from the modern flora of the Kashmir valley sup- 
ports the view that I he iiiuimtain range has been 
uplifted a few thousands of feet since llie early 
pleistocene. This has resulted in cutting off tlie 
Kashmir valley from the north-westerly monsoons 
and thereby eliininatiiig from it most of the tropical 
flora (Jour, of Ind. Boi. Soc., 22, 125). 

The family vSalicacae (sMix sp. populus sp.) well 
represented at Ningal Nallah (l"ir Panjal, 0000 ft. 
alt.) indicates that this part of the valley must have 
enjoyed a temperate climate essentially similar to 
the modern climate of the valley (Proc. Ind. Acad. 
Sc., 22, 88, 1945). Puri has further reported a flora 
of 02 genera and 122 species distributed over 34 
families of Angiosperms (J. I. B. S., 21, 1944) from 
this area and has traced the history of the Lombardy 
poplar (Populus nigra Linn var. fastigiuta Desf) in 
India in the light of paleobotaiiical evidence. It is 
ju'oved that the Loml>ardy poplar is indigenous to 
the Kashmir vrilley, (Indian Forester , in the press). 

MINERAL RESEARCH IN INDIA 

A svMPO.siuM on “Mineral Research in India for 
r^eveloping Mineral Iiuliistncs** was recently held 
at Lelhi under the auspices of the National Institute 
of Sciences of India. 

Inaugiiratiiig the vSymposium the lloii’hle Sir 
Ardeshir Dalai, Member, Department of Planning 
and Development, Government of India, expressed 
the hope that the deliberations of this meeting would 
lielj) the Planning Dcparliiicnt in their post-war plans 
for exploring the mineral rc.sources of India. 

In his opening addre.ss, Mr l>. N. Wadia, presi- 
dent of the Institute and Mineral Adviser to the 
Department of Planning and Development, Govern- 
ment of India, outlined the past, the present and 
the future of India’s mineral re.sourccs. A large 
number of papers were pre.sciited for reading at the 
symposium that was largely attended by the Fellows 
and many distinguished scientists and specialists on 
the subject who took part in the discussions. 

Me.s.srs. A. O. Rankin, D.Sc., F.R.S. and P. 
Evans, M.A., F.N.I. in a paper on “Geophysical 
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ProspectiiiK for India” referred in 

some detail the history of geophysical pro- 
specting for oil in India, with mention of the 
scope and cost of the 1938*40 prospecting programmes 
of the Hurniah Oil Company. In discussing the re- 
sults, stress was laid on the necessity for a unified 
I)rospccting programme in which geological mapping, 
geophysical surveys of alluvial areas, and the drilling 
of information holes and test-well are all closely co- 
ordinated. P. Kvans with W. J. Wilson also read 
a paper on the refining of petroleum in India and 
Burma. 

Dr J. D. Oraaf Hunter, F.R.S. and Brig. K. A. 
Glennie referred to the “Geophysical application of 
Geodesy 

Mr E. vS. Pinfold of the Attock Oil Company 
referred to the scientific i)roblcms in the development 
of the oil fields in North-West India. 

Prof. M. N. Saha, F.R.S. referred to his in- 
vestigation on the “Measurement of Geological Time 
in India” by radio-active methods. 

Prof. S. K. Roy of Dhanbad School of Mines, 
gave the results of the survey of the Me war State, 
and discovery of zinc, lead, silver and glass-sand 
deposits in Jawar. 

Dr J. A. Dunn presented the Geological Survey 
of India’s Position in India’s Mineral Development 
and the present and future position of ores and 
minerals in India. 

Mr E. R. Gee dealt with the Economic Mineral 
of the Punjab, and ^Ir B. Rama Rao dealt with the 
Scope for expansion of non-metallic industries in 
South India. 

Mr F. G. Pcrcival estimated reserves of iron ore 
in the vSinghbhuimOrissa field. 

Dr Gilbert J. Fowler described the production of 
nitre (Potassium Nitrate) from ammoniocal waste. 

Dr C. S. Pichamuthu of Central College, Banga- 
lore, emphasized the role of universities in mineral 
research. Mr A. K. Ghosh of the Calcutta Univer- 
sity, while describing the Diatomaceous Earth in 
Nicobar Islands, referred to the possibilities of ex- 
ploring this mineral from India and pleaded for faci- 
lities being created for micropaleontological research 
in the universities in India. 

Popular lectures were delivered on this occasion 
by Prof. M. N. Saha, F.R.S. on his experiences of 
Soviet Russia and by Prof. H. J. Bhabha, F.R.S. on 
the role of mathematics in the evolution of science. 

NATIONAL PLANNING COMMITTEE 

The National Planning Committee which recent- 
ly met in Bombay (November 8 to 10) has issued com- 
prehensive instructions to its various sub-committces, 


based on the changed conditions in the various spheres 
of the National Planning, resulting from the war. 

Pandit Jawaharlal Nehru, Chairman of the 
Committee, who presided at these meetings announced 
that the Goveniment of India have agreed to make 
available to the National Planning Committee, such 
reports and materials as may be useful for planning 
work of the Committee. Prof. C. N. Vakil, Economic 
Adviser to the Hanning Member, was deputed by 
the Government of India to attend these meetings and 
he participated in the discussions. 

The Committee considered the report of the sub- 
committee appointed in September last (see Sciknck 
AND Cui/ruRK, October 1945) on the objectives of the 
planning, developments that had taken i^lace during 
war time and priorities that should be observed. 

On behalf of the sub-committee it was pointed 
out that special stress should be laid on full employ- 
ment being the goal of National Planning as well as 
on the scheme of social security. Among the new 
developments that have taken place as a result of the 
war the sub-committee mentioned the tremendous 
importance now being given to scientific and techno- 
logical research. 

The Committee considered the report of the sub- 
committee in detail, that resulted in the discussions 
related to sterling balances, dollar pool, foreign in- 
vestments in India, disposal of surplus factories and 
equipment constructed for war purposes and the 
utilization of war time camp, hospitals, buildings, 
etc. for the purposes of rehabilitating village life. 

In a memorandum, the Comiiiittee has dealt with 
subjects over 30 heads that include : the form of the 
future Government of • India, the objective of 
National Planning, industrialization, research, public 
economy control in its various forms, labour control, 
conciliation, social problems, trade barriers in inter- 
national co-operation in economic matters, national 
economy, sterling balances, foreign capital, defence 
industries, war time development, rapid industrializa- 
tion on Russian model, social economy, con.sinner 
goods, i)rotcction to special industries, agricultural 
policy, irrigation, hydro-electric projects, food, 
housing, cottage and handlobm industries and the 
distribution. 

The memorandum added that this list does not 
exhaust the list of priorities. Social services and 
cultural conditions are very backward in this country 
and special efforts will have to be made for the rapid 
and intensive expansion, improvement and develop- 
ment of public health, education, facilities for travel 
and entertainments and other directions by cultural 
growth, social amenities, and public utilities. 

The Committee has further drawn attention of 
the various sub-committees to new inventions and dis- 
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coveries made during the war regarding material, 
processes, scale of production, etc. which in many 
cases had revolutionized important industries, both in 
regard to production and distribution. 

The Committee has emphasized the need for 
making scientific and technical research as an integral 
part of planned economy. Industrial research, the 
Coininittce maintains, should be comprehensively 
planned and linked with the development of indus- 
tries and industrial research organization created 
best suited to the needs of individual industries. 

The Committee suggests that India should build 
up as rapidly as possible, institutions which can give 
the highest type of scientific training of the most 
varied type and that India should send its men 
abroad for scientific training to meet the industrial 
needs of the country in the immediate future. It will 
be the duty of the national government to adopt 
necessary ways and means of securing the use of such 
[irocesses or equipments invented during war for 
planned industry in India. 

The various sub-committees have been asked to 
review their previous reports and submit their final 
conclusion within three months or earlier, when the 
Committee will meet again to consider these reports. 

Besides Pandit Nehru, the Chairman and Prof. 
K. T. Shah, Secretary of the Committee, the follow- 
ing members were also present: Mr J. R. D. Tata, 
Dr John Mathhai, Mr VValchaiid Hirachaiid, Col. 
Sokhey, Mr A. I). ShrolT, Mr Mann vSubedar, Mr 
Shuyab Qureshi, Dr V. S. Oubc, Sir C. V. Mehta, 
Mr G. P. Hutheesingh, Prof. C. N. Vakil, Mr 
Ambalal Sarabhai, ^liss Mridula Sarahhai, Mr. R. S. 
Ramachandra Iyer, Mr A. K. Shaha, and Prof. Radha 
Kuniud Mukherjee. 


AMERICAN DESTRUCTION OF JAPANESE 
CYCLOTRONS 

The alleged destruction of five Japanese Cych)- 
t rolls used for nuclear physics research by Allied 
troops at 10 a.m. on the morning of the 24th Novem- 
ber, acting under General ^IcArthur’s orders has 
caused widesiircad shock and regret on this part of 
the globe, and we have been recepients of many letters 
of protest from all quarters. W’e quote from a letter 
received from Chinese quarters : 

“This news has been a profound shock to 
Chinese scientific opinion for no less than 
fourteen years Chinese scientists have been under 
the attack of Japanese aggression, and the pro- 
gress of physics in China has been inhibited 
iind almost crushed, though a body of first class 
talent among the Chinese remains. Justice would 
have suggested the dismantling of this cxi>ensive 
apparatus and the handing of it over to the Chinese 
for reassembly and use in fundamental research. 


Only a few days ago a committee formed by the 
Chine.se Government to foster such research held its 
first meeting. I'he apparatus can hardly have been 
so large as to have been of military significance.*’ 

These Chinese scientists have supposed 

“That the Allied Powers made a clear distinction 
between Japanese Shinto-Fascism and nascent Chinese 
democracy. It is now to be feared that the present 
action (whatever its real motive may have been) will 
carry to all Asiatic peoples the implication — lament- 
able and detcsta]>le— that a mastery of science on their 
part is even now not welcome to the Western 
Nations.” 

\Vc would invite readers of Sciknck and Cui/ruRE 
to express their views on this matter, and invite the 
Indian Science Congress to cxpre.ss their considered 
opinion on the action taken l)y the American occupa- 
tion authorities in Japan. 

NOBEL PRIZE FOR PHYSICS AND CHEMISTRY 

The Nobel Prize in physics for IQ45 has been 
awarded to Dr Wolfgang Pauli, a Swiss Professor and 
not to Dr Otto Hahn as announced in Science and 
Culture, November, 1945. 

(Prof. Otto Hahn, the German radiologist and 
discoverer of radio-active substances has been award- 
ed the 1044 Nobel Prize for Chemistry). 

Dr Pauli is at present at Princeton Ihiiversity 
in the United vStates. 

‘Pauli Princii>le* has been extremely useful for 
understanding periodical system of elements and for 
interpretation of their spectra. 

The Nobel Prize in Chemistry for i()45 has been 
awardetl to Prof. Artturi Wirtaiien of Finland. 


INDIAN SCIENCE CONGRESS ASSOCIATION 

The thirty-third annual meeting of the Indian 
Science Congress Association will be held at Banga- 
lore from January 2 to January 8, 1946. Prof. M. 
Af/al Husiin, M.A., M.Sc., F.N.I., will preside over 
the mccliug. His Highness Sri Java Chamaraja 
Wadiyar Pahadur, B.A., DD.D., Maharaja of Mysore, 
lias consented to act as the Patron of the meeting. 
Following is the list of names and addresses of the 
sectional presidents : 

Malhemalics : Dr Ram Behari, M.A., Ph.D., 
D.Sc., Head of the Department of Mathe- 
matics, University of Delhi, St. Stephen’s 
College, Delhi. 

Slaiistics : Prof. K. B. Madhava, M.A., F.N.I., 
A.I.A., Professor of Mathematical Economics 
and Statistics, Mysore University, Mysore. 
(Government of India Statistical laboratory, 
Presidency College, Calcutta). 
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Physics : Dr S. Bhagavantain, D.Sc., Professor 
of Physics, Andhra University, Guntur. 

Chemistry : Dr B. C. Guha, D.Sc., Ph.D., 
F.N.I., Chief Technical Adviser to the 
Government of India, Food Department, 
Livision No. 3, Imperial Secretariat, New 
Delhi. 

ecology and (Geography: Dr H. Crookshank, 
D.vSe., Director, C^eological Survey of India, 
27, Chowringhce, Calcutta. 

Potariy : Dr B. P. Pal. M.Sc., Ph.D., F.L.S., 
Imperial Hconomic Botanist, Imperial Agri- 
cultural Research Institute, New Delhi. 

Zoology and Entomology : Dr M. A. Moghe, 
M.vSe., M.A., Ph.D., Head of the Department 
of Zoology, College of Science, Nagpur. 

Anthropology and Archaeology: Dr R. E. 
Mortimer Wheeler, PMl.A., M.C., D.Litt., 
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F.S.A., Director-General of Archaeology in 
India, Simla. 

Medical and Veterinary Sciences : Rai Bahadur 
K. N. Bagchi, B.Sc., M.B., F.I.C., D.T.M., 
F.N.I., Chemical Examiner to the Govern- 
ment of Bengal, Medical College, Calcutta. 

Agricultural Sciences : Mr V. Ramanathan, 
Deputy Director of Agriculture, Madras 
Post Box 412, Triplicane, P.O., Madras. 

Physiology: Mr P. De, F.R.C.P., F.N.I., Pro- 
fessor of Physiology, Medical College, 
Calcutta. 

Psychology and Educational Science : Dr Indra 
Sen, M.A., Ph.D., Lecturer in Psychology, 
and Philosophy, Hindu College, Delhi. 

Elngineering and Metallurgy : Mr P. H. Kutar, 
B.A., B.vSe. (Hons.), M.S., Met. K. (U.S.A.), 
General Superintendent, Tata Iron and Steel 
Co. Ltd., Jamshedpur. 


SCIENCE IN INDUSTRY 


MASS SPECTROMETER IN THE ANALYSIS OF 
HYDROCARBONS 

Tiik Technical Neics Bulletin (August, 1945) of 
the National Bureau of Standards describes the appli- 
cation of mass spectrometer to the analysis of complex 
hydrocarbon mixtures. Tlie use of mass spectro- 
meter for such analysis, hitherto exclusively carried 
out by chemical methods, is recent and guarantees 
a high degree of precision. 

The molecules of the hydrocarbons, bombarded 
by 50 to 100 volt electrons within the mass spectro- 
meter, are ionized and disintegrated into po.ssiblc 
fragments which always maintain the same ratio for 
a particular hydrocarbon. The ratio is usually 
different for different hydrocarbons. The peaks 
recorded in the spectrum confortn to the normal 
molecules as also to tlie various disintegrated frag- 
ments. In the case of a mixture of .several hydro- 
carbons, the fragments of each hydrocarbon give rise 
to their characteristic peaks which can be carefully 
analyzed and identified. It is reported that mixtures 
containing over 200 compounds have been precisely 
analyzed at tJie National Bureau of vStandards. The 
agreement of results of individual analyses is high. 
Independent analyses have been fotind to agree to 
within a few tenths to a few thousandths of i per cent 
for the concentration of each component. The 


accuracy in such analysis is determined to an appre- 
ciable extent by the purity of the materials used 
for calibration and by a number of other factors. 
In te.st analysis, however, where the composition of 
the sample is known, the accuracy certainly lies 
within the limits of uncertainty in the given sample. 

Small ipiantities of hydrocarbons, say 0 0 1 milli- 
liter, are sufhv-ient for mass spectrometric analysis. 
Although an advantage in many respects, the use 
of small quantities of the sample cannot always 
guarantee that representative samples have been 
analyzed. Several front-rank American oil cotnpanies 
liave introduced this new technique in their testing 
laboratories. The members of the Indian Scientific 
Mission, during their visit to the U. S. A., had an 
opportunity of studying the application of mass 
spectrometer for such analysis, and they gave out in 
their addresses that the instrument can do what 50 
chemists can do in the same time. 

HELIUM DETECTS MIGRATION OF OIL 

Thk underground migration of mineral oil and 
gas is a vexed problem before the petroleum industry 
to-day. Extensive investigations have recently been 
undertaken in the U. S. A. to evolve a suitable 
method with which to secure accurate information 
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regarding such migration of oil. Successful applica- 
tion of helium as a tracer gas, developed by the 
Bureau of Mines, in co-operation with the Navy 
Department’s Office of Naval Petroleum & Oil Shale 
Reserves, is reported in the Review of Scientific 
Insiruntenls, September, 1945. The method consists 
in injecting the inert gas into the underground reser- 
voirs of natural oil and gas through well bores drilled 
at carefully selected locations and then studying the 
concentration of helium in the natural gas from 
adjacent wells at measured intervals of time. Prom 
a knowledge of the concentration of helium and of 
the length of time required hy the gas to travel 
through the intervening distances between wells, 
petroleum geologists can chart underground reservoir 
conditions with a fair degree of accuracy and ascer- 
tain the nature of drainage of the gas and oil through 
porous rock. 

The chemical inertness of helium has been the 
reason for its selection as a suitable tracer gas. It 
does not stand the risk of being lost by combination 
with the reservoir rocks or fluids, and can be readily 
identifled. The use of helium for the detection of 
underground migration of oil and gas is, however, 
still in its infancy. Put the method, it is believed, 
bids fair to make possible the difficult study of .sub- 
surface reservoir conditions in a satisfactory and 
reliable way. 


RADAR IN NAVIGATION 

Shits provided with radar eciuipment can now 
steer in all weathers, fair or foul, according to a 
report of Scientific American. With the help of the 
new ^‘e3xs”, the navigators have no difficulty in 
detecting obstacles such as lighthouses, buoys, ice- 
bergs, derelicts, approaching ships, and land within 
distances up to 30 miles in complete darkness and in 
the midst of fog and storm. 

From the rotating antenna of the radar equip- 
ment, located on the top deck of the ship, powerful 
microwaves cai)ablc of penetrating fog or any other 
atmospheric conditions which seriously limit normal 
visibility are radiated to locate probable obstacles in 
the ship’s path. The waves arc actually sent out 
as “ijulses” or surges of extremely short duration 
and at a very rapid rate. The obstacles reflect or 
scatter the microwaves which are received by the 
same rotating antenna to be subsequently amplified 
and registered as bright spots on the face of a catho<le 
ray tube. The position of these spots can be viewed 
on the screen against a scries of concentric “marker 
rings’* which enable the distances of the objects to 
be measured within an accuracy of about one per cent. 

The operator can also change the scale of the 
field to cover either 2, 6, or 30-mile radius. As the 


.ship approaches an obstacle, the viewing range can 
be reduced from a radius of 30 miles to that of 
6 miles and finally to a 2-mile radius to obtain larger 
.scale chart and locate the obstacle with greater 
accuracy. 

Developed by the (.General Klectric engineers, 
such “eyes” are reported to be tlie first civiliafi appli- 
cation of radar, uhich is calculated to greatly 
minimize navigation hazards in future. 

STRESS CORROSION 

Thi$ i)ai>ers contributed to the recent sympo.sium 
on “Stress Corrosion Cracking”, jointly organized by 
the American Society for Testing materials and the 
American Institute of Alining and Metallurgical 
Kngincers (Nov. -Dec. 1944), form a milestone in the 
1 resent advancing field of research on stress corrosion. 
The sjnnpositim, in which twenty paiicrs were pre- 
sented, dealt comprehensively with all aspects of 
“spontaneous cracking resulting from the combined 
elTect of high, prolonged stre.ss and corrosive attack.” 
Deterioration resulting from penetration by molten 
metals also formed part of the discussion. 

In the introductory paper, the main facts 
revealed by research on stress corrosion are vividly 
brought out by describing the effects of cf)rrosive 
attack of both mild and severe type on a wide variety 
of metallic materials, subjected to high tensile 
stresses. Methods of eliminating the Icjcked-up 
stresses usually encountered in welded structures, 
.such as heat treatment, regulation of precipitation 
hardening and metallurgical control of composition 
and internal structure of the metal, are described, 
and attention is also directed to the relative frequency 
of stress corrosion cracking under service conditions 
with emphasis on the limitations inherent in accele- 
rated methods of lest. The role of ai)]died chemistry 
and metallurgy in the field of ballistics, which has 
developed considerably in this war, has been fully 
exploited in a number of papers dealing with the 
.subject of stress corrosion, residual stresses and 
sca.soii cracking of small arms and ammunition. 

In the domain of nonferrous metallurgy, one 
paper deals with the assessment of the susceptibility 
of aluminium allo>’s to stress corrosion wherein a 
report is given of the work done in the laboratories 
of the British Aluminium Co. Ltd. on the behaviour 
of stressed and unstressed alloys of aluminium sub- 
jected to both partial immersion in, and daily 
spraying with, a treated solution of sodium chloride. 
Another paper "gives the results of stress corrosion 
tests on sheets of binary brasses, tough-pitch copper, 
copper-silicon and nickel silver alloys of varying 
compositions. It was found from these tests that, for 
most of the metals studied externally, applied bend- 
ing stresses below the yield point (0 01% offset) did 
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not result in stress corrosion cracking. However, it 
was observed that failures could be traced in drawn 
and spun parts, formed brackets, bolts, studs, etc., 
where the material had been plastically deformed in 
the course of manufacture of the parts and subse- 
quently subjected to corro.sivc attack either alone or 
in combination with an externally applied stress. In 
ferrous metallurgy, the subjects on the susceptibility 
of austenitic stainless steels and elevated temperature 
tension tests on galvanized steels received a good deal 
of consideration. 

An exclusive programme is in [misecution at 
present in the laboratories of the United States Air 
Service Technical Command, Wright Field, Dayton, 
Ohio, directed towards the development of test 
methods for evaluation of stress corrosion su.scepti- 
bility. The descrii)tioii of these investigations forms 
the subject of an interesting i)aper, wherein a 
detailed picture is given of the test methods, opera- 
tion of tests, mode of stressing, types of specimen 
etc., adoi)ted therein . Another paper dealing with 
stress corrosion in relation to aircraft components 
gives a factual survey of British exi)erience on stress 
corro.sion occurring in aluminium-rich alloys, steels, 
aluminium, magnesium-rich alloys and copi)er-base 
alloys. 

Among the other topics dealt with are test re- 
ports on stress corrosion of cold drawn and heat- 
drawn bridge cable wires ; effects of protecting resin 
films on brass cartridges and the effect of a coating 
of polybutene on the fatigue properties of lead alloys. 

While dealing exhaustively with the practical 
side of the work, the theoretical side has not been 
overlooked, the latter being discussed in two very 
informative papers. The first one deals with the 
correlation of i)ublishcd experimental data which 
have a significant bearing on the development of a 
theory of the mechanism of season cracking of brass. 


A review is given of the theories advanced uptb how 
by eminent workers in the field, such as Heyn, Rosen- 
hain, Moore and others, while information available 
on factors vital to a fundamental theory of season 
cracking is di.scussed under several heads such as in- 
fluence of stress on cold work ; effect of micro- 
structure ; grain-boundary potentials and season 
cracking ; correlation of elastic anisotropy with 
susceptibility to season cracking etc. An excellent 
bibliography of thirty five items supports the paper. 
The second paper deals with a generalized theory 
of stress corrosion of alloys and forms an extension 
of the current state of the theory and knowledge re- 
lating to the acceleration of corrosion by high con- 
stant stresses, (first reported in the Trans. Am. Inst. 
Min. Met. Eng., ii, 1940 ei seq.) This 

paper discusses modern views on the electrochemical 
relationships between grain and grain-boundaries, 
the effects of stress on the corrosion factors and the 
directional effects arising from manufacturing opera- 
tions, and draws useful conclusions. A considerable 
amount of data is also presented in support of an 
electro-chemical theory which is believed to be the 
clue in obliterating or at least reducing to a good 
extent stress-corrosion cracking. The modern theory 
of cathodic protection is also discussed at some 
length. 

This symposium, like many others in the past, 
has brought about a deeper understanding of the 
phenomena underlying stress corrosion in varied 
metallic materials, and has helped engineers and 
metallurgists to probe deeper into the mysteries of 
metallic .structure. By further investigation and re- 
search, the subject of stress corrosion can confidently 
be expected to yield results which would ultimately 
benefit the diverse branches of engineering and 
industry. 


S. K. C. 
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THE SHARK-LIVER OIL INDUSTRY IN INDIA 

B. N. BANRRJEB Asn V. .SUBRAHMANIYAN 

IIKPARTMKNT Of BIOCHEMISTRY, INDIAN INSTITUTE OF SCIENCE, 
BANGALORE 


J^URING recent years, a great deal of interest has 

centred round the production of shark-liver oil, 
especially on the West Coast of India. A useful 
volume of scientific literature has also grown up on 
the subject. The object of this contribution is to 
review the present iiosition and to indicate some of 
the lines along which the industry should be planned 
and organized not only for meeting the post-war 
needs of the country, but also for holding its own 
against foreign competition. 

India— ONCR a Flourishing Fish On, Industry 

The fish-liver oil is no stranger to India. About 
eight decades ago, India exported quite large quanti- 
ties to the West, Calicut being a big centre of jiro- 
duction. Aroimd 1870, the price of cod-liver oil fell 
below that of the Malabar fish oil and the Indian 
industry practically died out. Cod-liver oil from 
Norway and other countries began actually appear- 
ing on the Indian market in increasing (luautities and 
the country became more and more dependent on 
foreign supply. 

During this war, the German invasion of Norway, 
followed by British blockade, practically cut off that 
country from the rest of the World. The subsequent 
submarine warfare and the increased demands of the 
other nations kept India in short supply of cod-liver 
oil. Against this, the demands of the civil popula- 
tion and the fighting forces in the country for some 
suitalde source of Vitamin A became quite consider- 
able. An alternative source had to be found and, 
under this stress, the Malabar fish-liver oil industry 
was reborn. 

Till? HIGH Vitamin A, Pcyi'ENCY of Indian 
Shark-Liver Oil 

A great deal of credit is due to the Government 
organizations, as also the co-operating scientists, who 
helped to re-establish the industry. It was soon esta- 
blished that the liver oils from the shark and the 
saw-fish have a much high Vitamin A potency than 
cod-liver oil. Occasional samples have potencies of 
several hundred thousand International units per 
gram, i.b., well over 100 times the potency of standard 
Norwegian cod-liver oil. The average potency is, how- 
ever. of a lower order, though still distinctly higher 
than that of cod-liver oil. In some areas, an average 
'>f 30,000 units has been reported. In others, over 
10,000 is found to be the average. We have examined 
genuine samples having a potency of between 5,000 


and 6,000 units. A minimum potency of 10,000 units 
l>er gram has been suggested for the Indian Adden- 
dum to the British Pharmacopoeia and this may not 
be difficult to attain in practice. An oil of this 
standard will have about six times the potency of 
average Norwegian cod-liver oil. 

According to the latest International standard, 
the average daily requirement of an adult would be 
about 5,000 units of Vitamin A. The majority of 
people in India get very much less than this quantity 
in their food. A large section of the ])opulalion would 
require between 3,000 and 4,000 units as a supple- 
ment to make the required minimum. The supple- 
ment has to come in the form of fish-liver oils, 
vitamin or carotenoid concentrates etc., but very few 
actually get them. The n^ajorily go without it, with 
the result that gross deficiency manifests itself in 
different forms, Karly blindness, tuberculosis and 
other wasting diseases are some of the ultimate conse- 
quences of such persistent deficiency. Apart from the 
millions who are thus afflicted, there are several 
millions more who show a sub-normal condition. In 
fact, it is generally recognized that there is more 
extensive deficiency of vitamin A than that of any 
other vitamin in India. 

Potentialities are Considerable 

India has a very long coast line amounting to 
several thousand miles. Of this, only a small part is 
actually being used for shark fishing. The possi- 
bilities of the rest of the coast, especially on the East, 
as also the use of other kinds of fish should be care- 
fully studied. There will, of course, be need to blend, 
but as long as this is done under proper scientific 
supervision, no harm will follow. 

Even with ]>roper organization, it is too much 
to expect that the target of one million gallons a 
year can be attained in the near future. The supply 
of fish may not be adequate unless very special pre- 
cautions arc taken. In this again, State organization 
wWl be needed. 

Kish liver oil is the most potent source of 
Vitamin A. In a country like India, with its large 
vegetarian population, fish-liver oil may not be accept- 
able to all. A considerable section of even strict 
vegetarians especially in South India — have no objec- 
tion to the use of fish-liver oil as a medicine. Even 
these would prefer a vegetable source, if available. 
The Jains and certain other communities have very 
strong objection to fish oils. In any case, fish-liver 
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oils may not meet the entire country’s need. The 
carotenoid pii’inents from vegetable sources must 
definitely be made use of to supplement the fish-liver 
oils. 

A T.\roet for Production 

(irauting that about lo per cent of the popula- 
tion of India is to receive a supplement of 2,500 units 
per day of .shark-liver oil (po.ssessing an average 
potency of to, 000 units per gram), the total require- 
ment of the country would be roughly a million 
gallons. If we make some allowance for the inevit- 
able increase in population during the next decade 
and for an increased consutuption by the people, the 
anticipated target of production would be about 2 
million gallons. There is immediate demand for vita- 
mining about TOO, coo tons of hydrogenated oils made 
in India to meet the shortage of butter and ghee. 

Tuk Present Production 

It is difficult to assess correctly the present pro- 
duction of the oil in India. Part of the production 
is under Government auspices and part through pri- 
vate enterprise. The oil is not usually marketed as 
such, but in a diluted form. The Government require- 
ment (including the requirements of the Army) may 
be placed at a million pounds of Oleum Vilaminatum 
possessing an average potency of 1,500 units per gram. 
This would correspond to about 15,000 gallons of oil 
with a potency of 10,^00 units. Some quantity has 
been exported outside the country, to China and else- 
where. In addition to this, there is the internal market 
in the country, but its off-take is not likely to have 
been so large as that of the Government. In fact, 
it is known that many of the big producers sutqdied 
their oil exclusively to the Government. Allowing 
a liberal margin for everything, it is unlikely that 
the present annual production of shark-liver oil from 
all sources could be verv much more than 35,000 
gallons. Even this may be an over-estimate. 

There is evidence to show that all the oil is not 
derived from genuine shark or saw fish. The Govern- 
ments and some of the reputed distributors arc exer- 
cising some control, but the others arc not so parti- 
cular about it. We have examined specimens of oil 
containing only about 300 units per gram. These 
have subsequently been traced on the civil market, in 
a further diluted form, as standardized shark -liver oil. 
Such products are quite worth^e^s, and it is regrettable 
that quite large (piantities of these have been imposed 
on the already dePcient civil population. This kind 
of thing is inevitable when there is no adequate drug 
control. At the same time, it must be remembered 
that even the lay public will not be slow in realizing 
that they have not benefitted by the use of such oils. 
There will inevitably be a reaction not only against 


the spurious brand, but other Indian makes as well, 
however genuine the latter might be. 

It has already been mentioned that even genuine 
shark-liver oil may show considerable variation in 
regard to potency. This is due to a number of factors, 
the most important among which are the season, the 
age and the size of t^’»e fish. The locality also seems to 
be a factor. The fish does not synthesize the vitamin, 
but only elaborates it from what it eats. The marine 
biologists have already collected a good deal of data 
bearing on these aspects : but in actual practice it is 
very difficult to apply them. The collecting and pro- 
cessing centres are far flung and it is not always 
possible lo exercise the necessary control. 

At the collecting centres, ])ayment is made either 
on the basis of the weight of the liver or the volume 
of the oil. Both of these are defective. Payment 
should be on the basis of vitamin content, so that all 
concerned could aim at cpiality rather than quantity. 

Indiscriminate Fisutno is Harmfui. 

Some zoologists keenly interested in the develop- 
ment of the industry have expressed considerable 
apprehension in regard to the future chiefly because 
of the indiscriminate fishing that is going on. Even 
verv young sharks naturally are being fast destroyed 
without any appreciable benefit. It has also been 
pointed out that the spawning seasons should be 
avoided, for otherwise the useful fi..shes will eventually 
disappear. It has, in fact, been argued by some 
authorities that, at the present rate, it may be difficult 
to maintain even the existing supply. This may be 
undue pessimism, but the warning from Such authori- 
ties lias to be borne in mind when planning for the 
future. 

The Present Methods require Improvement 

At the present time, the industry depends largely 
on the efforts of fishermen who sell their material 
either to Government agents or to private contractors. 
The buyers either process the livers on the spot or, 
as more often happens to be the case, pack them in 
salt or other preservative and send them over to the 
factories for extraction of oil. Under the existing 
conditions, freezing would not be feasible. Even salt 
preservation should prove adequate, provided there is 
not much lapse of time between the catch and the 
preservation on one hand and preservation and ex- 
traction on the other. Normally putrefactive changes 
set in rapidly, liver being very readily attacked. The 
changes are naturally very rapid under the warm 
tropical conditions. Added to this, the liver is a store 
house of digestive ferments which, though classed as 
non-living, can yet produce very profound changes 
even in presence of the salt. Under the existing con- 
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ditions, it is not uncommon to find a lapse of one to 
two days between different operations. This should 
be reg:arded as being too long. The oil increases in 
acidity, and putrefactive matter accumulates in the 
medium. On extraction, the oil is more smelly than 
it need be : it also tends to go rancid on standing. 
The vitamin is also steadily destroyed, so much so, 
that often standing for a year or two, many of the 
samples of oil contain only a negligible amount of 
vitamin. 


Need for Protectinc', thr Vitamin 

The destruction of vitamin A in shark-liver oil 
has been studied carefully. The factors mentioned in 
the foregoing paragraph arc very important in deter- 
mining the rate of destruction. There arc also other 
factors such as the nature of the container, diluent 
used, temperature, exposure to light, access to air and 
moisture and so forth. Even with the greatest care, 
it would not be possible to comidetoly avoid destruc- 
tion of vitamin. It is considered necessary, therefore, 
to add small quantities of protective agents (anti- 
oxidants), some of which are extremely potent in their 
action. Several anti-oxidants arc mentioned in lite- 
rature. Most of them are quite harmless at the con- 
centrations to be used. They can be used singly or in 
certain combinations ; in the latter case, the bene- 
ficial effect is disproportionately increased (synergistic 
action). With such protection, the vitamin will re- 
main stable for at least five or six years — if not more 
— during which period the oil may be reasonably ex- 
pected to be consumed. 

The use of anti-oxidants as vitamin A stabilizers 
is well known and extensively used. Many of the 
well known brands of cod-liver oil i)reparations owe 
their sustained quality to the use of such protective 
agents. Some imported brands do not of course con- 
tain them with the result that their vitamin contents 
are not what they arc claimed to be. In the interests 
of the Indian industry, it should be definitely made 
a policy to recommend and to insist on the use of the 
least harmful and the most effective among anti- 
oxidants. 

The methods of collection and processing do of 
course, require a good deal of improvement. Under 
the existing conditions, it will be difficult to introduce 
some of the improvements. If sufficiently big vessels 
could be used and if the livers could be extracted on 
the vessels themselves within a very short time after 
the catch, as is generally the case in the preparation 
of cod-liver oil, a great deal of the subsequent diffi- 
culty could be avoided. Alternately, vessels fitted 
with refrigerating equipment could be used. This will 
require State support and organization. 


Shark-liver Oil requires Supplementing with 
Vitamin D. 

The cod-liver oil is naturally rich in Vitamin D. 
Ill that oil vitamins A and D are so proportioned 
that no further supplementing is needed. In the case 
of shark-liver oil, vitamin A is very predominant so 
that further supplementing of vitamin D will be need- 
ed to render it more balanced. Forlunately, concen- 
trated Vitamin 1) preparations like Calcik*rol are 
easily available at relatively small cost, so that it 
should not be difficult to siiiipleinenl shark-liver oil 
with Vitamin D at the blending centres. Considering 
the importance and the inter-relation between these 
two fat-soluble vitamins, it should be made a State 
])olicy to insist on the supplementing of shark-liver 
oil with Vitamin D before niarkeling. 

Vitamin 1? is another important fat-soluble 
vitamin. It is not, however, very much missed in the 
average Indian diet which includes a good proportion 
of vegetable oils, whole seeds and so forth. It may 
not be necessary to add this vitamin to fish-liver oils, 
though it may indirectly help by acting as a stabilizer. 
Ill the case of carotenoid concentrates, however, the 
presence of this vitamin is considered necessary both 
as a slabili/er and as an auxiliary for the better use 
of the vitamin. 

Shark-liver Oil need not pe Diluted 

During the first few years of the shark-liver oil 
industry, it wavS considered desirable and necessary to 
dilute the A'itamin A content to the same level as in 
cod-liver oil. Groundnut oil was largely used for this 
purpose. This practice led to a number of secondary 
difficulties. It also facilitated the marketing of a 
number of spurious products. A good section of 
p.oplc find groundnut oil disagreeable ; they do not 
use it even for cooking. Taken on the whole, it is 
now being increasingly felt that there is no need to 
dilute the shark-liver oil. The concentrated product 
can be used as such, the dose being reduced in pro- 
portion to the concentration. Used in that manner, 
the oil will also be less disagreeable. That is how 
halibut oil, another rich fish-liver oil is being used 
throughout the world. 

Molecuiar Distillation may not be Necessary 

Even when used in drops, any fish-liver oil has 
a di^agree■.ll)le smell. Several ingenious methods for 
taking such oils along with food have been suggested, 
but even then the more fastidious people cannot miss 
the .smell. It has been suggested, therefore, that the 
vitamin in the oil should be concentrated free from 
smell. This is a very desirable object, but there .seem 
to be some practical difficulties in the way. The 
principle of molecular distillation employed for the 
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separation of the vitamin is well known and there 
are a number of small stills in different parts of the 
world. So far as we know, there is only one big* 
still in America, which is actually being used for the 
distillation of shark-liver oil on a commercial scale. 
The erection of such a still at some central' place in 
India may not be feasible unless collaboration on a 
comparatively favourable basis can be established. 

Suitable packing wili, get round the 
Smell Problem 

Modern methods of packing have been steadily 
getting round the difficulty of smell. Today there are 
several brands of vitamin preparations in the market 
which arc so pleasantly coated that the smell, if any- 
thing, is quite agreeable. Such vitamin preparations 
which often include a number of vitamin can be 
swallowed without any discomfort. There is also no 
unpleasant after-smell. If the same pleasant smelling 
capsules are bitten through, the strong smell of the 
fish oil can be noted. Judging from the smell and 
concentration of the vitamin, it is easy to mate out 
that either halibut oil or shark-liver oil of the neces- 
sary high potency is being used. Molecular distilled, 
odourless vitamin is still not being used on a large 
scale even by the most reputed firms. If proper 
methods of packing arc employed, the smell difficulty 
can be completely eliminated even when using the 
raw fish oils. 

Even with the present methods of production, it 
should not be difficult to collect together substantial 
quantities of shark-liver oil having an average potency 
of 30,000—40,000 units per gram. Of such an oil, 
only about a drop will be required for meeting the 
daily supplementary requirement of an adult. If the 
calculated quantity can be proi)erly packed in attrac- 
tive capsules, the entire needs of the more fastidious 
section of the public can be easily met. In addition 
to this, there will always be the less concentrated pro- 
duct, the daily dose of which will be a few drops. 
This can be easily taken if suitable dropping arrange- 
ment can be provided. 

% 

Difficulties in the way of the Healthy 
development of the Industry 

Judging from the trends of recent years, the 
biggest obstacle in the way of healthy organization 
and scientific development of the industry is the 
existence of a number of independent bodies which 
work rather isolated from each other. Provincial 
Governments, States, manufacturing concerns and 
others all work without sufficiently close contact with 
each other. Though it is not openly expressed, there 
is also a feeling of unnecessary rivalry with a tendency 
to ob^rve secrecy in regard to the «ixperience collect- 
ed bjr each organization. As a result of this, there is 


no useful exchange of ideas between the major organi- 
zations. Each organization has its own separate 
agency for advertising, marketing, etc. This state of 
affairs stands in the way of healthy development. It 
also provides scoi)c for the less scrupulous section of 
traders, who are under no control, for marketing all 
kinds of products as genuine articles. For want of 
proper co-ordination and concerted effort, the reputa- 
tion of the industry as a whole is suffering. Even 
patriotic-minded medical practitioners are now hesi- 
tant about recommending Indian shark-liver oil. 
Doctors with some professional reputation are very 
zealous about guarding them : they arc naturally in- 
clined to be conservative in the recommendations to 
their clients. Patriotic considerations cannot weigh 
much in the alleviation of suffering. The present 
position should, therefore, be realized in its proper 
perspective. The Norwegian cod-liver oil (with its 
high reputation) and other well known brands will 
soon be on the Indian market and unless the shark- 
liver oil industry unite in facing this competi- 
tion, it will .soon die again, just as the Malabar fish- 
liver oil industry died about 80 years ago. Instead 
oj expanding, the industry is in danger oj extinction, 
and it is earnestly hoped that this common danger 
will bring all the diverse elements together and pave 
the tvay for organized planning and development. 

There ls no need for any vSrcrecy 

At the heads of different provincial or State 
organizations there are administrators. They are 
naturally guided by their technical staff. The techni- 
cal are inclined to keep rather close and this has 
created, even in the minds of the administrators, the 
imj)ression that there is something of a specialized 
nature which must be preserved confidential for the 
benefit of their unit. There is, in fact, no need for 
the preservation of any secrecy in regard to the 
methods of production and stabilisation. The really 
important factor is the supply of fish liver and if the 
fishing areas can be properly demarcated, there is no 
aspect regarding which any secrecy need be inain- 
taiued. In the interests of all concerned, there should 
be free exchange of notes. There should also be 
unified control to see that proper methods arc 
followed. The standardization and marketing can 
also be under joint auspices. No interest will suffer 
under such conditions. Fraud will be stamped out 
and the industry will flourish under healthy con- 
ditions. The industry can also present a unified front 
to secure the necessary measure of protection against 
unfair foreign competition. 

A Central, Co-ordinating Authority is needed 

As already mentioned, the production is now 
going on under diverse auspices. These are not 
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normally likely to meet unless the Central Govern- 
ment takes some initiative in regard to the matter. 
Even when they meet, they should do so with a 
determination to work together. 

Independent organizations cannot exercise any 
effective control unless they decide to create a central 
authority. The central authority .should command 
their full confidence and at the same time, have the 
necessary freedom to plan and carry out the future 
development. 

Composition of the PRorosEn Central Authority 

AND their powers 

For the development of the shark-liver oil 
industry, what is needed is a small Central Authority 
consisting of a highly experienced administrator, 
who will also represent the Government, a reputed 
member of the industry who will advise on all 
business matters, and one scientist with the requisite 
standing and experience. Tlie Authority which 
would work whole-time, should be cliarged witli the 
planning and development of the industry for the 


whole country and they should be given the targets 
with full powers to take the necessary action. Every 
province or State with a coast line should come under 
their purview. Aft^r organizing production, the 
share of benefit for each individual province or State 
can be easily determined. The work of the Authority 
can be periodically reviewed by a bigger organization. 

The present note does not claim to be a plan. 
It only aims at taking the po.sition a stoi) beyond the 
fixing of a target. It draws attention to some of the 
outstanding problems and suggests a way of dealing 
with them. A specialized whole-time body such as 
the proposed Central Authority is needed to go into 
further details and to draw’ up the detailed plans 
and to execute them. The planning and execution 
need not be separated. 

In the preparation of this note, great care has 
been taken to avoid specific reference to any indi- 
vidual or organisation. There may no doubt be 
some difference of opinion in regard to matters of 
detail, but the main problems are all there and they 
must be satisfactorily solved if the industry is to 
survive and to flourish in the post-war period. 


MEDICINE AND PUBLIC HEALTH 


DRUG DEVELOPMENT IN WAR-TIME GERMANY 

A RE1Y>rt of Science News Letter, September 22, 
iQ45i gives an account of some of the important deve- 
lopments in drug in Germany during the war. Tlie 
German chemists developed a synthetic chemical 
called Periston as a substitute for blood plasma for 
the treatment of shock in their wai wounded. 
Periston is a polymer, polyvinyl pyrrolidone, and 
resembles albumin in some ways. It is reported that 
over 300,000 units of Periston w’ere u.sed on military 
personnel, apparently without harmful effects. 

For fighting infection in w'ounds, the Germans 
pinned their faith on sulpha drugs. Marfanil was 
widely employed for such purposes. A new .sulpha 
drug, Globucid, behaving as sulphadiazine but having 
a low^er cost of production, was produced in quan- 
tity. They also developed two other germ fighters, 
dibromo and tetrachloro compounds of Salicil, wdiich 
are still under study. 

German interest in antimalarial drugs did not 
flag during the war. Some of the anti-malarial drugs 
studied, such as a quinoline derivative called 
Sontochin, had some promise, but were clearly in- 


ferior to atabrine wiiicli was in large production in 
Germany during the w^ar years. 

Dome.stic poppies were used as a source of a pain- 
relieving drug w’hcn imports of opium w'ere cut off. 

Demand for hormones and vitamins, both 
synthetic and natural, greatly increased, and efforts 
were made to j^nxluce these in larger (]uantities. In 
several instances, technical improvements w'ere made 
in their methods of production. Purity of drugs and 
final i)roducts, it is reported, was maintained with 
meticulous care, 

STREPTOMYCIN FOR TUBERCULOSIS 

A NEW drug, Streptomycin, found in an organism 
known as streptomyces grlsens, w'hich is neither a 
bacterium nor a mould, has been recently announced 
in the U. S. Press. Its reported action against tuber- 
culosis has for the time being brought streptomycin 
to the fore, and, as it ahvays happens in the case of 
a new comer, the drug has raised hopes and doubts 
among medical researchers. 

Dr Selman A. Waksman atid his associates of 
Rutgers University and the New Jersey Agricultural 
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Experiment Station discovered the drug in a mould 
like germ living in the soil. It resembles penicillin 
as a RL-rm-killcr and attacks certain germs on which 
])enicillin has no pronounced a*ction. Thus strepto- 
mycin lias been found effective against such diseases 
as typhoid fever, dysentery, undulant fever, tula- 
remia, whooping cough and plague, which cannot he 
controlled by penicillin. 

(Greater interest in the drug followed the 
announcement by Dr Waksman of his results that 
strei)toniycin can act against tuberculosis germs in 
the test tube and effectively controls tuberculosis in 
guinea pigs. The success of these preliminary in- 
vestigations led Drs II. C. Hinshaw and W. H. 
Feldpm, of the Mayo Clinic and Foundation, to 
undertake clinical experiments on human patients. 
The drug was administered to 34 patients suffering 
from tuberculosis by intermuscular injection every 
three hours for several weeks depending on the nature 
of the case, and interesting, though not always en- 
couraging, results were obtained. 

It appears that some serious forms of tuber- 
culosis, such as tul)erculosis of kidneys and bladder 
and miliary tuberculosis, respond best to strepto- 
mycin treatment. In tw^o patients suffering from 
miliary tuberculosis, one of whom also had tubercu- 
losis of the kidneys, skiagrams revealed striking im- 


provement of the tuberculosis condition of the lungs. 
In four patients having tuberculosis of the bladder 
or kidneys, streptomycin treatment stopped excretion 
of tuberculosis germs within two to four weeks. 
Patients suffering from tuberculosis of the lungs 
shdwed improvement during the treatment, but deve- 
loped the disease as before with the stoppage of the 
drug. Streptomycin did not seem to have any rapidly 
effective curative action in these cases.' 

The Mayo scientists are of opinion that strepto- 
mycin does not actually kill the germs and in that 
sense cure the disease, but that it arrests the growth 
of the disease. In many cases, it had no effect other 
than minor improvements and a little prolongation 
of the patients* lives. Streptomycin is comparatively 
free from severe tonic reactions, which distinguish 
it from other drugs of the sulphone family. Patients 
generally complained of feeling a little sick and of 
aching muscles at the site of injections. These mild 
reactions were also minimized by using purer variety. 

The case of streptomycin as a remedy is, there- 
fore, clearly doubtful, and it is warned that proved 
and effective methods of treating tuberculosis, such 
as sanatorium treatment and collapse therapy, should 
never be abandoned. (P'or further reference, readers 
may be directed to Science News Lcller, vSeptember 
20 and October 6, 1945 and Nature, vSept. 29, 1945). 


PHARMACEUTICAL INDUSTRIES* 


^HE subject of Pharmaceutical Industries com- 
prises all such industries which are engaged in 
the manufacture of products required by members 
of (i) the puldic health professions, c.g. the medical, 
veterinary and dental — for the treatment or cure of 
the ailments of man or animal and (if) forest or agri- 
cultural departments, for i)reservatiou of the vege- 
table life. 

The Fharmaceutical Industries, in the present 
form, are mainly the creation of the 20th century. 
The rapid advance in the basic sciences — chemistry, 
physics and biology— during the latter part of the 
19th century and early part of the present century 
made it practically impossible for a physician to com- 
bine the duties of both a fabricator and a prcscribcr 
of medicines. The result was the bifurcation of the 
duties of the physician into two sets of people ; the 
pharinacists and the physicians. Wherever this 
division of labour did not take place, there was 
stagnation and deterioration both in the standard of 
treatment and ]>rcparation of medicines. The vast 

• Aclaglted from a talk by Dr M. b. Schroff delivered 
before the Calcutta Rotary Club on September 11, 1945. 


continent of Furoj)e, the U. S. A. and Canada realised 
the impracticability of combining the functions of two 
professions into one with the result that both the 
medical and i)hTrmaccutical professions made rapid 
progress and contributed to the enrichment of our 
knowledge. 

In India, the indigenous systems of medicine — 
the Ayurvedic and the Unani — have clung to old 
ti editions and refused to play the game. The result 
has been the stagnation of the above systems and 
even in this age of rapid and stupendous progress in 
the realm of healing art, the above two systems, 
which wxrc in their own hay days the glory of India 
and Arabia, are steeped in ignorance, and sometimes, 
superstition. These systems have been based on 
empirical knowledge acquired for centuries and do 
contain much useful information but often mixed with 
data having no scientific basis at all. The modern 
research worker with an open mind must find out 
the truth and when that is done, these will naturally 
be amalgamated with the modern scientific system of 
treatment. A glance through the two pharmacopoeias, 
allopathic and ayurvedic, will disclose a great simi- 
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larity between the modern and the old systems. In 
the present age of vitamins, hormones, synthetic 
drugs and biological products, we cannot ignore the 
vast accumulation of knowledge, the gift of modern 
sciences. To x>rcscribe rice water, prei)ared from 
polished rice, supposed as a source of vitamin B 
complex, cannot stand the test of time. In ancient 
times when unpolished rice was the article of common 
diet and more concentrated forms of vitamins were 
not available, it was perfectly legitimate to use rice 
water as a source of Vitamin B Complex. But un- 
fortunately, due to lack of study on the part of 
Ayurvedic and Unani i)ractitioners, such unscientific 
practices are still followed. 

CtjNDITlONS FOR FROPKR DiCVKUJPMRNT OK 

Pharmaceutical Industries 

When we consider pharmaceutical industries 
from the modern point of view, we find that our 
country is very much behind times. 

The following may be regarded as the pre- 
requisites for the proper development of pharmaceu- 
tical industries in any country : — 

(tt) Well developed system of Pharmaceutical 
Education ; 

{b) Availability of Trained Chemical Engineers ; 

(c) Research Institutes ; 

(d) Scientific vSurvey of Raw Materials ; 

(e) vStatc Control of manufacture, sale and dis- 

tribution of Medicines ; 

(/) Etxistence of Basic Chemical Industries ; 

(aO Existence of Packing Material Industries ; 
(h) National Traii.sport Policy ; and 
(/) National Excise Policy. 

Pharmaceutical Education 

Proper development of pharmaceutical education 
is essential for the rise and progress of pharmaceuti- 
cal industries in any country. Technical personnel of 
high calibre is required not only for carrying on the 
routine wrork but also for the development of new* 
schemes. It may be said that the standard of phar- 
maceutical education is a barometer of growth of 
pharmaceutical industries in any country. 

In Germany, Switzerland, France, etc. the 
pharmaceutical education had developed to a ver}" 
high level even at the beginning of this century, and 
we know that the pharmaceutical industries in these 
countries had made a mark for themselves when 
other countries w^ere unheard of in ihi.s respect. In 
England, a degree course in Pharmaceutical Chemis- 
try was introduced in the Utiiversity of London only 
in 1924 which accounts partially for comparative 
backwardness of U. K. in the realm of pharmaceuti- 
cal industries. In Soviet Russia also, after the last 
revolution, pharmaceutical education made rapid 


strides with the consequent growth of pharmaceuti- 
cal industries. 

In India, the real pharmaceutical education is 
practically still unknown! though a beginning was 
made at Benares in the year 1932, and at present 
some of the Universities are offering courses in 
pharmacy, but the standard achieved so far can 
iiardly contribute to the progress of pharmaceutical 
industries in our country. The lukew^arni interest 
taken in the i)ublic health services of our country 
by both the (lovcrnnient and the educationists ex- 
plain very clearly our backwardness both in educa- 
tion and in industry. 

Chemical Enoinekrinc; 

Chemical engineering is one of such branches of 
engineering which is required for the development of 
pharmaceutical industries. Crores of rupees have 
been spent in the V. S. A. for founding schools of 
Chemical P'ngineering to meet the growing needs of 
the industries. In India, Chemical Engineers are 
practically non-existent and most of the inslitnlions 
which claim to train people in chemical engineering 
hardly reach the level of trade schools in more ad- 
vanced countries. This also accounts for the non- 
manufacture of even the common pieces of chemical 
apparatus and equipment in our country. 

Present Institutes 

There were research institutions in the U. S. A., 
IJ. K., and the various lMiro])ean countries before the 
w^ar for carrying out both developmental w'ork as w’cll 
as the basic research work for finding out new pro- 
ducts and inq^roving the old ones. These research 
institutions whether attached to the Universities or 
Ooverninent Departments or iiulnstries could be re- 
garded as the very lieart of industrial progress of 
those countries. The manufacture of indigo in 
Gcrnianv did cost crores of rupees and the labour of 
scores of scientists for a number of years to bring 
about the necessary result. Once the thing was 
accomplished, the cost of production was gradually 
reduced and the world markets were captured ])y 
Germany. In India, the real rcsearMics in the phar- 
maceutical .sciences arc i)ractically non-existent. 
Even tlie Government research institutions under 
some eveuse or other often enter into open competi- 
tion willi niaiiufactiirers by maniifactiiriiig sonic very 
common items, leading to the neglect of basic 
scientific and industrial researches. The Indian 
InstiUite of vSciencc at Bangalore, the Central Re- 
search Instihi^c at Kasauli. the Guindv Institute at 
Madras, the Haffkinc Institute at Bombav and various 
other ins^tut’ons have started competing with the 
manufacturers in the manufacture of very common 
products. They thus dissipate the energy of their 
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research workers and waste the money of the tax- 
l^ayers. It is unintelligible why such suicidal 'policy 
is being adopted by our various research institutes. 
As far as phannaceutical industries are concerned 
there are no research institutes in India and practi- 
cally no research work of any tangible value is being 
carried out. 

Scientific Survey of Raw Materials 

Raw materials for pharmaceutical industries are 
derived from : 

1. Vegetable Kingdom, 2. Mineral Kingdom, 
and 3. Animal Kingdom. 

Unless a scientific survey of raw materials avail- 
able in a country is made it cannot be found out 
what products can be manufactured in the country. 
Our forest department did not take much interest in 
the ‘minor forest product* of the country under which 
the pharmaceutical raw materials come. Where in- 
formation is possible on the availability of raw mate- 
rials, the specifications of the same are wanting. It 
is only very recently that a beginning has been made 
on the pharmacognostic study of crude drugs. Even 
the chemical and biological assays of many of the 
indigenous drugs have not been carried out. Conse- 
quently, while we think that India abounds in a 
large number of natural raw materials, we hardly 
know which of them are capable of being used pro- 
perly or cultivated scientifically and which of them 
simply enioy reputation without having any scientific 
background. 

Besides the crude drugs, in these days of 
synthetic drugs, we require various raw materials 
obtained from coal-tar. While this subject is often 
talked about, no detailed study has been made and 
those who want to go in for this industry find it 
difficult to do anything in the matter. Until recently, 
most of the coal was distilled in crude ways and now 
while some of the by-products are being recovered, 
they arc not available to the industry for proper 
utilisation. It may be mentioned here that even at 
the beginning of this century, the coal-tar industry 
had developed to a very high degree in (Germany and, 
at present, also in the U. S. A., it has reached a high 
peak. England has usually been a back number in 
these matters and hence, had to depend for most of 
her requirements from abroad. 

The raw materials obtained from the natural 
mineral sources are not many but even those which 
are needed, their proper survey has not been carried 
out by the Geological Survey of India, with the result 
that even the manufacture of inorganic drugs has 
not proceeded to the right length. 

Regarding the biological products, the raw 
materials required are not many as most of them. 


molasses, slaughter-house waste, etc., are the 
by-products of one or the other industries already 
existing in our country. The lack of technical skill 
and equipment is coming much more in the way than 
anything else. 

Strict State Control over the Manufacture 
OF Medicines 

The professions of medicine and pharmacy 
are public health professions and are strictly con- 
trolled by the State in every country in the world. 
In the U. S. A., there is a Food, Drug and Cosmetics 
Act which strictly controls the manufacture and dis- 
tribution of tlie various substances used for the cure 
or amelioration of the ailments of man or animal. 
Practically, all the European countries also have got 
Pharmacy and Drugs Acts almost on similar lines 
to i)rcvent the manufacture of understandard, 
spurious and harmful products. Besides the above, 
there are also books of standards (Pharmacopoeia) in 
all the countries according to which various medicines 
have to be manufactured. Unfortunately, in India, 
so far there is no control in the manufacture and dis- 
tribution of medicines. In India, the Drugs Act was 
passed in 1940, about ten years after the submi.ssioii 
of the report of the Drugs h'nrjuiry committee formed 
by the Government of India. Five years have elapsed 
since the passing of the Act and it may take at least 
15 months more before the Act can be enforced as 
the final Drug Rules have not been gazetted as yet. 
In England, in war time, many amendments were 
made in the Drug Rules and new Acts were brought 
into being to safeguard the public health of the 
country. In India, under excuse of War, the pro- 
mulgation of the Drugs Act has been held back for 
the last five years. Further there is no Pharmacy 
Act here and hence, the dispensing of medicines is 
uncontrolled. Because there is no Drug and Phar- 
macy Act in our country, some manufacturers do 
manufacture medicines of doubtful value with the 
result that all the manufacturers suffer in their repu- 
tation and the first class doctors still continue pres- 
cribing foreign medicines hardly knowing what they 
are doing. If the Drugs and Pharmacy Acts were 
enforced there will be no ground at all for the sale 
of such foreign medicines as are manufactured here. 
The backgroundness of the pharmaceutical indus- 
tries, specially on this score, can be ascribed to the 
apathy of the Central and the Provincial Governments 
of India. 

Next comes the question of false and mis- 
leading adverti.scmcnts, which are also controlled in 
all the western countries. Accordingly, the advcrti.s- 
ing policy of the various foreign firms is different in 
their own country to that in India where the adver- 
tisements are uncontrolled. In every country, there 
are certain diseases which are forbidden to be adver- 
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tised and regarding' others also, there is strict control. 
Of course, recently the venereal diseases advertise- 
ments have been controlled only in Bengal but the 
advertisers are finding easy way of circumventing the 
enactment. A look into the various advertisements of 
the medicines appearing at present in tlie lay press — 
dailies, weeklies and monthlies, will show that a 
medicament is advertised to cure a large number of 
ailments, — a statement which is practically untrue. 
Advertisement of medicines in the lay press to be 
used only on the prescription of doctors is a thing 
very common in our country. Worthless medicines 
wdtli hidden formulas are sold and consumed by the 
members of the medical profession as well as by the 
public only on the basis of advertisement. In India, 
the Central Government always places the blame for 
non-control of advertisements on the Provincial 
Governments as this question is a provincial subject 
and hence, cannot be handled by them. The news 
papers and magazines iii‘ this country are as much 
guilty as anybody else for allowing their media to 
be used for propagation of evil. Unless a strong sense 
of imblic opinion is created in our country backed by 
vState control, it is very doubtful whether the public 
could be protected from the ramifications of un- 
scrupulous manufacturers and advertisers. 

In this connection, it may be mentioned that in 
peace time, in countries like Holland and Denmark, 
the manufacture of vital medicines like, insulin, etc. 
was under State control and nobody was allowed to 
manufacture these except with the explicit permission 
of the Government. If we allow' every manufacturer 
to manufacture everything, we simply add more to 
the inefficiency and increase the cost of production 
and sale. The vital medicines recjuirc very strict 
technical control and every manufacturer cannot 
afford to spend so much money for the same and 
hence, to have a proper return, its manufacture should 
be controlled and only one or two manufacturers in 
a country with adeejuate ciiuipment and personnel, 
should be allowx*d to produce the product. 

In the case of even common medicines, if 
the same is manufactured, say, in a tablet 
form, by a dozen or tw'o dozen manufacturers 
and all of them are offering their products which are 
practically identical in nature and therapeutic effect, 
the cost to the consumer becomes much increased. 
Perhaps, it is not a hidden tiring that the cost of the 
ingredients in any medicine is hardly more than to 
to 13 per cent and the same is true of the packing cost 
but the cost of advertisement and selling organiza- 
tion even in countries like the U. S. A. comes to 
about 27 per cent. This expense of advertisement has 
to be paid for by the consumer wdlhout getting any 
increased benefit by paying this extra cost. If there 
is a proper control of the manufacture of medicines 
and each manufacturer is asked to specialise in certain 
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lines and not allow’ed to manufacture other items, 
this cut-throat competition in the selling of medicines 
would be eliminated and the medicines could be made 
available cheaply to the average man in the street. 
Due to this keen competition, even the discount 
allowed to middle men in the pharmaceutical trade 
is very high. It is astonishing to hear that in peace 
limes some firms were paying in India upto 6o per 
cent disccninls to the various stockists on biological 
products. This will show that we have been paying 
for necessities of life loo high a price, only due to 
the mismanagement of the entire industry by the 
l)owers that arc at the helm of affairs. 

The pharmaceutical industry, unfortunately, is 
ouu such industry where the medicines go to the 
direct consumer through several middle men. The 
avaricious appetite of the pn)priet(irs of chemist and 
druggist shops, the medical men, and in the case of 
hospitals and dispensaries, the clerical staff, has also 
to be satisfied before the products reach the actual 
consumer. All these cost not less than 35 to 40 per 
cent whereas by a proper State control of the inanu- 
facUire and dislrihiition of medicines, the cost to the 
consumer could be cut dowui at least by 30 i>er cent. 

DHVE1.0PMKNT OK Basic Chemical IndUvSTkie.s 

The pharmaceutical industries depend to a great 
extent on the development of basic chemical indus- 
tries w'hich provide the raw' nuilerials for the pharma- 
ceutical industries. In India, during the War some 
basic chemical industries have sprung up but still wc 
arc far behind in this line. Our pharmaceutical in- 
dustry suffered much during the w'ar period for lack 
of availability of raw materials from abroad and even 
now’ we (lei)cnd much on imports. The development 
of the two basic chemical industries, viz., the coal-tar 
and fermentation industries arc vitally necessary for 
the growth of i)harmaccutical indiislry. 

DEVEl.OPMKNr OK PACKINC; ^IaTEKIAL liNDUSTKlES 

While some beginning has been made in the 
manufacture of neutral glass in India still we are not 
producing neutral glass of high (piality or other heat 
resistant glasswares. Further, manufacture of high 
class chemical glassware, fancy glass bottles, metallic 
tubes, etc., w'hich go in for the development of the 
]>harmaccutical industries is still in its infancy in 
our country. This side line has to be developed 
for the proper development of pharmaceutical in- 
dustries. 

^ National Transport Policy 

Transport policy is a very important factor in the 
development of any industry. Dr P. J. Thomas of 
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the Government of India has stated in his report that 
freight from Orissa to London of Nuxvomica seeds 
was the same as the Calcutta manufacturers had to 
pay from Orissa. In foreign countries, the policies 
of the State and the authorities of land and 
sea transport and of industry are combined together 
for one single purpose, namely, that of improvement 
and expansion of the industries of their country, hut 
the case being otherwise in India, it is high time 
that the policy was nationalised in the interests of 
our trade and industry. 

Excise Poijcy 

The imported goods once cleared at the port of 
entry can move without any let or hindrance to any 
port of India. But indigenous products are subjected 


to all kinds of controls from province to province. 
Excise being a provincial subject, each province en- 
forces it according to its whims not thinking at all 
what disservice it is doing to the national pharma- 
ceutical industries. Unless the Provincial Govern- 
merits and the Central Government revise their policy, 
the trade in India-made spirituous goods is at a dis- 
advantage in contrast to the trade in foreign 
goods. The duty on spirit even for medical use 
is very high. The lowest duty is about Rs. 8/- 
per bulk gallon of spirit whereas the cost of the 
same in peace time used to be only Re. i/-. Thus 
it will be seen that the public has to pay a duty to 
the State even for falling ill. Of course, the hospitals 
and dispensaries receive duty-free medicines, but 
what about the general public? In this re.spect also 
our policy needs revision. 


BOOK REVIEWS 


Mass Miniature Radiography of Civilians (for the 
detection of pulmonary tuberculosis), Medical 
Research Council, Special Report Series, No. 251, 
His Majesty’s vStationery Office, London 1945, 
Price T,s, net. 

This Report is based on a survey conducted for 
research purposes on a few selected civilian groups 
numbering approximately 23,oo(j persons from 2 
factories, a large office group and a Mental Hospital 
in Greater T ondon by a team of 4 workers consisting 
of two tuberculosis physicians, a research worker 
and a radiographic technical expert. The survey 
was conducted in 1943. 

The objects with which the investigation was 
taken up were threefold : 

1. To discover the technical administration and 

social problems arising from civilian mass 
radiography, and to establish standard 
methods and procedures in order to assist 
those responsible for the routine of the 
national scheme ; 

2. To estimate the incidence of tuberculosis 

during wartime in various civilian groups 
and to assist the authorities by estimating 
the demands likely to be made on the 
tuberculosis surveys as a result of mass 
radiography ; and 

3. Possibly to throw light on the epidemiology 

of the disease. 


The Report is divided into two parts: — Part I 
being a guide to the demonstration and technique of 
civilian mass radiography and Part TI containing the 
stativStical results of the survey with a discussion of 
the associated problems. 

Part I of the Report deals with the development 
of mass radiography, eciuipment and personnel for an 
unit, approach to civilian groups, technical arrange- 
ment, working of the unit either in or without con- 
nection with a chest clinic and interpretation of the 
films in correlation with large-size films, where 
needed. Part II of the Report describes the methods 
used in the detection of cases including examination 
and bacteriological investigations, besides a consi- 
deration of the factors concerned in studying the 
epidemiology of the disease. A small but useful 
supplement to the Report has been provided by a 
specially trained worker containing the results of re- 
investigation of one of the factory groups one year 
after the first mass radiographic survey. 

Prior to undertaking the w’ork, the workers and 
technical personnel had to be trained and the working 
methods standardised. In conducting the bacterio- 
logical examination of cases, the sputum was examined 
for those who could expectorate sputum. If the 
sputum proved to be negative for tubercle bacilli, it 
was cultured on special media ; for those where the 
direct film proved negative, laryngeal swabs were 
used both for examination as well as for culture. 
All positive cultures were tested for virulence by 
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animal inoculation. It was found that the culture 
of sputum and the culture of laryngeal swab both 
added substantially to the positive total obtained by 
direct sputum tests alone. Laryngeal swabs seemed 
particularly indicated where sputum was absent or 
unavailable. It was found to be hardly worth taking 
a laryngeal swab where sputum was available. It 
was further found that Jcnsen*s modification of 
Lowenstcin’s medium was more sensitive than 
Nassau’s charcoal medium. 

Of the 23,012 cases radiographed or examined 
by miniature radiography, 4,720 belonged to a light 
engineering plant, 3,657 belonged to a light and heavy 
engineering firm, 10,903 were employees in various 
government offices and 1,564 were patients in a 
mental hospital and iq8 composed the staff belonging 
to this institution. In all the groups, except the 
mental cases, “previously known” cases numbered 
approximately 0*4 per cent of the total. Cases show- 
ing newly discovered tuberculosis lesions requiring 
medical attention varied between 13 to 1*4 per cent, 
of which 0*3 per cent to 0*4 per cent were active cases 
needing immediate sanatorium or equivalent treat- 
ment. The .sputum was found to be infective for 
tubercle bacilli by one or more of the methods 
employed in approximately 20 per cent of the cases 
showing x-ray lesions. About 5 to 6 per cent of the 
cases, examined by miniature radiography, needed a 
more detailed investigation by full-size films. The 
incidence of cases among the mental hospital cases 
is in a different category. It was already known that 
mental hospital patients showed a higher incidence 
of tuberculosis in the community. Newly discovered 
cases among this group numbered 3 ’5 per cent of 
the total x-rayed. If to this is added previously 
known cases constituting i’5 per cent of the total, 
the total figure comes to 5 per cent. Sj^utum was 
found to be positive in 50 per cent of “known” cases 
and 24*5 per cent of the “newly discovered” cases. 

From the analysis of cases in the non-mental 
group, it was noticed that there was a tendency for 
the incidence of total cases and of treatment cases 
to increase from young to older adult life in the 
males and to decrease with age in the females. In 
other words, taking account of their respective con- 
tributions to the population at risk, females supplied 
the majority of the significant tuberculosis cases at 
the younger ages and males supplied the majority of 
the older ages. These tendencies arc consistent with 
the well-known influence of sex on tuberculosis 
mortality at different ages. 

Of the 79 “treatment” cases derived from the 
three employed groups investigated in the survey, 

denied any recent symptoms referable to their 
I»ulmonary condition. The symptoms admitted by 
the rest were cough with or without sputum, breath- 


lessness, chest pain, lassitude, wasting, amcnorrhoca, 
haemoptysis and laryngitis, cither singly or combined. 
Thus the incidence of active tuberculosis without any 
symptoms is fairly high. The disea.se was found to 
be unilateral in nearly two-thirds of the cases. 

A subsequent investigation among the first group 
of light engineering industry showed the presence of 
radiologically active lesions in o’ 7 per cent, a year 
later, in those who were found to be negative by the 
M.R.C. survey a year ago. This finding indicates 
the need for intermediate examinations whenever 
suspicious symptoms are noticed. If this was done, 
then it would lead to the early detection of cases. 

Quite a number of non-tuberculosis lesions (117) 
were revealed by mass radiography in the factory 
and the office groups, consisting of card io- vascular 
lesions (32), bronchiectasis, pulmonary fibrosis and 
pulmonary collapse (29), chronic bronchitis, asthma 
and emphysema (13), atypical pneumonia (5), thoracic 
tumours (8), and liilar glands (4). 

A number of interesting^ facts related to the 
epidemiology of tuberculosis came to the surface by 
the mass radiography survey. The index of tuber- 
culosis had hitherto been indicated mainly by the 
mortality rate. As morbidity figures based on noti-- 
fications were hitherto considered to l)e too unreliable, 
mass radiography was found to provide an opportunity 
for as.sessing morbidity more accurately. 

As regards economic factors, it was found that 
the incidence of significant tuberculosis lc.sions among 
the highest economic grade was lower than that 
among the whole volunteer population by a statis- 
tically significant margin. It was also found that 
the total incidence of significant lesions and the 
incidence of treatment cases among the manual 
workers exceeded the corresponding incidence among 
the whole volunteer poi;)ulation by margins which 
were probably statistically significant. A similar 
inverse rclationshii) between the severity of lesions 
and economic grading was also noticed. Thus not 
only mortality but also morbidity of the disease is 
subject to economic influences. 

From histories obtained about recent or past 
contact with infective cases of tuberculosis, either in 
the home or in groups, it was noticed that previous 
contact with the disease was probably an important 
factor in i)roducing both manifest and “radiological” 
tuberculosis in employed groups. From a study of 
the mental hospital cases, it was found that prolonged 
hospitalization led to fresh cases among the inmates. 
Further, contrary to previous observations, it was 
noticed that schizophrenia did not carry a predis- 
l)osition to tuberculosis. 

F'xpcriencc has shown that if cases are detected 
in early stages, their survival rate up to five years 
can be raised to over 90 per cent. As some 35 per 
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cent of persons examined by mass radiography did 
not exhibit any symptoms, there is no doubt that 
mass radiography helps ns to detect cases in early* 
stages so that recovery and rehabilitation can be 
enormously increased and thus tuberculosis can be 
brought within the range of controlled incidence. It 
is, however, necessary for dependable work and 
reliable findings that the type of machine used, the 
technique of taking and developing of films and the 
interiiretation of radiological and physical findings 
need standardization in order to have comparable 
data in all parts of the world. The cost per patient 
in mass radiography is only a fraction of that of 
taking large-size films. In a country where beds arc 
still insufficient to take care of even the seriously ill 
population and knowing that a comparatively small 
fraction of such cases can hope to live for five years 
after discharge from tuberculosis hospital and sana- 
tories, the use of mass radiography in sieving out the 
tuberculous population must be considered to be an 
essential component of cheap Public Health proce- 
dures in prevention and rehabilitation. 

The Report under review represents painstaking 
and co-ordinated work which should prove useful to 
all who w^ant to organise mass miniature radiography. 
It is a matter of regret that while other countries 
are proceeding ahead with their efforts to reduce the 


incidence of tuberculosis, India is still in one of the 
lowest rungs of the ladder. As an essentially initial 
step, the Government, the larger industrial under- 
takings and the Local Bodies should equip themselves 
with mass miniature radiography sets, but there 
should .be concurrent provision of chest clinics and 
tuberculosis hospitals and for sanatoria to receive the 
“treatment*^ cases. 

A.CM. 

An Elementary Text-Book of Inorganic Chemistry 

— by Ramani Mohan Roy, M.Sc. (Gold Medalist), 
Ripon College, Calcutta. Pp. 506. Published by 
The Book House, Calcutta, Price Rs. 3/12/-. 

The present volume covers the syllabus of the 
I. A. and I. Sc. courses in Inorganic Chemistry of the 
Indian Universities. The author has succeeded in 
l>resenting the subject-matter in logically graded 
steps so that the beginners may not find any difficulty 
in following them. A special feature of the book 
lies in its emphasis upon the fundamentals and the 
avoidance of unnecessary details which arc likely to 
burden the memory and l^ewilder the young mind. 
The book will undoubtedly l)e useful to those for 
whom it is intended. 

P. R. • 


LETTERS TO THE EDITOR 


[The editors not responsible for the views expressed in the letters.] 


JOSHl-EFFECT FROM THE STANDPOINT OF 
KRAMERS' DISPERSION FORMULA 

Tiig mechanism of the above phenomenon,* ■*' ® 
viz., Ai an almost instantaneous^ and reversible 
decrease of conductivity produced by irradiation of a 
number of gases especially chlorine, has been envi- 
saged by Prasad^ from the standpoint of Kramers’ 
quantum mechanical theory of light dispersion. He 
postulates that ionisation is essentially an extreme 
case of excitation. From Kramers’ equation, due to 
the operation of negative terms which arc character- 
istic of the e.xcited state, a decrease of the refractive 
index n under excitation is to be anticipated. It 
follows from this, and the well-known relation due 
to Maxwell viz. n^—k, where fe is the dielectric con- 
stant of the medium, that a corresponding change in 
fe ; the corresponding electro-static capacity ; and 
therefore, the conductivity i of the system under 


excitation by light, which last constitutes the Joshi- 
cffect, should occur. 

The above considerations imply that this 
effect refers to a change in the dielectric or displace- 
ment current as distinct from the ohmic or conduc- 
tion current in the system. The following experi- 
ments were carried out in order to investigate the 
validity of this aspect of the theory. 

A Siemens* ozoniser filled with air at 200 mm. 
pressure was fed with the output from a K.V. oscilla- 
tor in the range 5 to 10 megacycles ; the correspond- 
ing i was determined with a galvanometer actuated 
by a vacuo-junction introduced in the H.F. circuit. 
In a typical result, with a deflection of 46 arbitral^ 
divisions representing i in the dark, irradiation with a 
200 watt bulb and that from a large quartz mercur> 
vapour lamp did not diminish f)o'5 division, which re- 
presented the degree of accuracy. Wlien, however, 
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in a series of observations, a potential of 5.8 kv at 50 
cycles frequency was applied, under both the above 
radiations, the deflection was reduced from 46 to 45 
corresponding to a lighi-effeci exceeding i per cent. 
This ozoniser was next filled with chlorine at 300 mm. 
pressure, which was found by trial to be about the 
optimum condition for this effect. A deflection of 
61 in dark obtained due to H.F. remained unchanged 
under either of the radiations. That, however, as in 
the case of air, the effect occurs with a large enough 
applied potential and lower frequency (50 cycles) is 
shown by the following results : 


Hg vapour lamp 200 watt bulb 


kv 

Deflection 

Light- 

Deflection 

Taght- 


(lark 

light 

effect 

dark 

light 

effect 




lOOA*/* 



lOOAi/ 

6 

5 

P4 

47 

4*6 

1 

. 45 

6-7 

9-2 

2-5 

48 

8-2 

2 

46 

7-3 

14-5 

4.4 

45 

13-4 

4 

49 


The fact that the percentage Lighi-effeci looAi/i, 
for both the series is practically the same, shows that 
tnost of the ultra-violet is absorbed by the glass-walls 
of the ozoniser, and that the visible light coinnion to 
both is responsible for the production of the effect. 
This is in agreement with earlier results that at large 
intensities as in the present case, a change of inten- 
sity docs not liroducc an ai)preciable change in the 
light-effect.^' ® 

These results prove that this phenomenon does 
not occur when the current is only of the dielectric 
type, and reveal therefore, a marked deficiency in the 
theory of Prasad.^ A more appropriate approach is 
afforded by the general result due to Joshi’* ^ that 
tlie discharge current depends chiefly on r-l%„where 
I' is the applied voltage and the corresponding 
‘threshold potential ; characteristic of the gas, the 
pressure and other operative conditions.* Joslii found 
that the effect of irradiation is to increase V ,n From 
this Joshi predicted a diminution of current i on irra- 
diation ; this has been observed without exception in 
numerous cases and represents perhaps, the best 
method of a study of this phenomenon.'*’ ® Prasad’s 
theory^ also fails to account for the fact that the Joshi- 
effect does not occur below the ‘threshold potential’ 
Production of this effect only when there is 
ionisation by collision suggests^ that on irradiation a 
reduction of either, or both, the ionic velocity and 
the number of ‘metastables’ lake idacc ; or /and an 
increase in the corresponding rate of recombination of 
ions.^ This latter is expected to be confined chiefly 
to three body collisions on the container walls. ^ This 
accords with the general observation of a pronounced 
influence of the nature of the container walls on the 
magnitude of the phenomenon.^ 


My grateful thanks are due to Messrs. B. J^ahiri 
and G. S. Tiwari for kind assistance and advice. 

P. B. D.\S (kjPTA 

Chemical Ivaboratories, 

Benares Hindu University. 

Benares, 16-8-1945. 

* Joshi, Cmr. Sii., 8, 548, 1939. 

* ‘Presidential .Address, Cliein. Sec., Iiid. Sci. Cong., 

1943. 

Cun. Sci., 13, 253, 1944. 

‘Joshi and Dto, Kalute, ISJ, 434, 1944. 

* Prasad, Nature, !55, 362, 1945. 

•Joshi, Curr. Sci., 14, 67, 1945. 

'Joshi, Trans. Faraday Soc., 23, 227, 1927; 25, 108, 138, 
1929. 


RECOGNITION OF SEX BY SECONDARY SEXUAL 
CHARACTERS IN BUFO MELANOSTiCTUS 
SCHNEIDER 

BKvSIdi^s the primary sex organs, the mature 
males and feniide individuals of various animals 
possess numerous structures which are characteristic 
of the particular sex and are known as the secondary 
sexual characters. Tliese give rise to sexual dimor- 
phism and greatly aid in the recognition of the 
sex of the animal without dissection and examina- 
tion of internally located primary sex organs. In 
the case of Amphibia the secondary sexual characters 
have proved to be of considerable taxonomic impor- 
tance and have been .studied in detail in many 
.species.* Alexander^ described in detail the secon- 
dary sexual characters of liufo melanoslicius 
v'^chn eider. I, in'” * ohserved in Salient ia a new secon- 
dary sexual character and he gave an account of 
these cliaracters in the Chinese frogs and toads.- 

In the course of guiding students in the dis- 
section of toads. (B. melanoslicius) certain features 
with regard to the secondary sexual characters in 
this species attracted the notice of the author and 
the object of the present paper is to record his 
observation on thCvSe. 

The specimens were examined during the months 
of June to vSeptember, the breeding season of the 
toads. The average length from snout to vent of 
the sjiecimens examined was about 3 inches and 
thus approximated the average measurement in 
length of a mature adult male as recorded by 
Alexander. An examination of the secondary sexual 
characters being made the specimens were subse- 
quently dissected to verify the.se observations with 
the internally situated primary sex organs — the 
testes and also to note any particular feature regard- 
ing these organs. The measurement in length of 
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the individuals and the fully formed condition of the 
testes left no doubt that the specimens examined 
were mature adults particularly when they were col- 
lected and examined in their breeding season. 

Observations were recorded on the following 
secondary sexual characters which according to Liu 
distinguish the male individuals of Salientia : 

1. Modifications for grasping — These consist of 
the digital swellings. The two inner fingers 
of each forelimb arc provided on the upper 
surface with pads. 

2. Vocal sac — In this animal it is a black 
pigmented sub-gular sac. This lies just 
below the skin in the region of the throat 
and opens into the buccal cavity through a 
single asymmetrically located slit on the 
floor of this cavity. 

3. Linea niasculina — These consist of two 
deep elongated bands of connective tissue 
extending over the dorsal and ventral ends 
of the oblique muscles on each side of the 
body wall. 

While describing ‘the linea niasculina* as a new 
secondary sexual character in Salientia, Liu states 
that these are present in B. mclanosiictus but in a 
later paper on the secondary sexual characters of the 
Chinese frogs and toads he states that this character 
is absent in this si)ccics. A search for this character 
in a number of freshly killed male toads was made 
but it could not be found in this species. It thus 
confirmed the latter statement of Liu. As ‘the linea 
masculina’ were not found, observations wxre there- 
fore confined to an examination of the other tw^o 
characters viz., the modifications for grasping and 
the vocal sac, with a view to ascertain how far these 
characters helped in the recognition of the sex of 
the animal before examining the internally situated 
primary sex organs. 

Modifications for grasping : In the breeding 
season the males gather in appropriate waters and 
begin croaking to attract the females. The latter 
enter the water where each is clasped by a male. 
The male toad mounts on the back of the female 
and firmly grasps with the forelinibs around her 
thorax, with the roughened pads on his inner fingers 
pressed tightly against her breast. The pads arc 
liresent on the upper surface of the two inner fingers 
and as these muscular pads arc special modifications 
for grasping during this stage they arc also known 
as ‘nuptial pads*. The pads vary in size and colour 
in the different individuals. The pads vary in colour 
from grey to intense black and the size of the pads 
is more or less directly proportional to the degree 
of blackness. In the breeding season, when the 
pads are actually used for the purpose of grasping. 


they arc large and intense black. Those on the 
innermost fingers are larger in size than those on 
the other two fingers. Besides the pads on the two 
inner fingers, Liu describes that the third finger also 
bears on the upper surface another small swelling 
near its tip. But this could not be marked in many 
cases and in a few specimens where this was con- 
sidered to be present, it was so small and insignificant 
that no importance could be attached to the presence 
of this one as a modification for grasping. Though 
the presence of digital swellings as modifications for 
grasi)ing was described by Alexander as a consistent 
character, the writer found them absent in a number 
of individuals examined. Out of a total of 30 male 
si)ecimeiis examined, these were absent in as many 
as 5. 

Vocal sac : The sub-gular vocal sac is present 
in the males. It is developed as a membranous out- 
growth from the floor of the buccal cavity and 
serves to resonate and amplify the croaking notes 
produced by the males to attract the females for 
mating purposes. It is a black pigmented sac. This 
black shows through the skin in the region of the 
throat though the degree of blackness varies to a 
certain extent in the different individuals. Contrary 
to the observation made by Alexander, the presence 
of the sac is easily noticeable in the living condition 
by this black pigment. In those cases where the 
digital swellings are absent this pigment noticed 
through the skin in the region of the throat is very 
helpful in recognising the sex of the animal. Where 
the pigment is not noticeable from outside it is i)ro- 
bable that the sac is absent. The writer came across 
male individuals of average mature adult size where 
the vocal sac was absent. Neither Alexander nor Liu 
records cases where the vocal sac is not found. Out 
of a total of 20 male specimens examined, the vocal 
sac was absent in as many as 3 individuals. 

The vocal sac opens into the buccal cavity 
through a single aperture. This opening according 
to Alexander is located more often on the right side 
of the tongue. The writer however could Jiot find 
such a condition. In the specimens examined by 
him the opening was located in most cases on the 
left side of the floor of the buccal cavity to the left 
of the tongue. 

In the absence of ‘the linea masculina*, recog- 
nition of the sex in male toads with the help of the 
secondary sexual characters depends on the presence 
of the other two features— the pads and the vocal sac. 
It is however observed that these two characters are 
not consistent and their occasional absence is apt to 
produce a wrong impression in the recognition of the 
sex of the individual at first sight. Out of 20 male 
specimens examined during the breeding season 
when these characters are particularly exhibited, the 
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writer found as many as 3 specimens, all of the 
average mature adult size, in which neither pads 
were developed, nor the vocal sac was present. 
Though the secondary sexual characters in amphibia 
and particularly in toads have been studied in detail 
by various authors, there is no previous record to 
indicate that these tw'o characters are variaMe and 
that occasionally both of them may be absent. 
These individuals without pads and vocal sac were 
dissected and examined to note whether there was 
any special feature regarding the primary sex organs 
— the testes. The testes were found <iuite well- 
developed. In this connection it may be said that 
the Bidder’s organs, which remain attached to the 
anterior ends of the testes and persist throughout 
life in riialcs, w^rc found in these animals without 
pads and vocal sac to be fairly large and hyper- 
trophied. In the frog though the relation of sex 
hormones to the secondary sexual characters have 
been extensively studied, the subject is still in a 
state of considerable confusion."* It is probable that 
the hypertrophied condition of the Bidder’s organ in 
these toads is correlated with the absence of the 
above named secondary sexual characters and further 
study into this aspect of the problem may throw 
more light on ascertaining the probable function of 
the Bidder’s organ and its influence on the develop- 
ment of the secondary sexual characters in toads. 

B. K. Chattrrjek 


Biology I)ei)artment, 
Presidency College, 
Calcutta, 28-9-1945. 


Noble, G. K., Biolojjy of tin* Aiiiphibin, 1933. 
Alexander, O., CopeUi, 47, 1933. 

Lin, C. C., Journal of Morpholof^y, 193S. 

Zoo, Sr. Field Mus. Nat. His.. 22. 1936. 

Holmes, S. J., Biology of the Ihog, 1938. 


THE AZIMUTHAL EFFECT OF COSMIC RAYS 
AT LAHORE 

Studies on the aziniuthal variations of Cosmic 
Rays at Lahore (22^N), previously reported by one 
of us^, are being carried on with the cone of the 
telescope further reduced. The zenith angle of 6oP 
has been kept constant as in the earlier runs of the 
experiment. The solid angle ranges covered in the 
first three runs of the experiment were 14*5^, 8*07^ 
and 7’T5^ in the vertical and 65°, 38 87® and 37 * 93 ^ 
in the lateral planes respectively. The solid angle 
range in the present run is 9*8® in the vertical plane 
and 26 * 4 ^ in the lateral plane. 


In Fig. 1 the curve represents the data col- 
lected at intervals of 10® of azimuth from the North- 
West quadrant, keeping the zenith angle of the tele- 
scope 60®. One of iis‘ has already’ pointed out that 



/ Fig. 1 

for smaller and smaller cones the experimental curve 
seems to approach Hulnei's^ theoretically calculated 
curve. The present data confirm that view. If we 
compare the percentage dilTerenccs between the 
maximum and the miiiinmni points on the theoreti- 
cally calculated curve to the experimental ones for 
two widely different cones having .solid angles i4’5^ 
and 9*8° in the vertical and 65® and 26*4^ in the> 
lateral planes respectively, the percentage difference 
between the maximum and the minimum points of 
the narrow cone is more than twice that for the 
wider cone. This difference is becoming larger as 
the cone is decreased which would mean that for a 
very narrow cone it would ai>proach that shown by 
the theoretically calculated curve. More data are 
being collected with a further reduced cone having 
angles 5 3^ and 14*2^ in the vertical and lateral 
[dancs respectively. 

We wish to express our thanks to the University 
of the Punjab for financial liel]) towards this work. 

P. vS. ('.ILL 
S. P. M.mjiotr.\ 

Forman Christian Colldfee, 

Lahore, 3- 10-1945. 

' P. S. i)\n- Proc. Nat. Inst. Sc. India. 9. 251-62, 1943; 
Phys. Kcv., 67. 347, 1945; Proc. Ind. Acad. Sc.. 22 . 53, 
1945. 

>R. A. Hutner Phys. Rev.. 55. 614, 1939. 

GROWTH OF BACT. COLI ANAEROGENES 

The growth of Bad. coli communi.s with 
ammonia and several organic acids as the sole sources 
of carbon has long been observed.** ^ Certain preli- 
minary experiments on the growth of Bad. coli 
anaerogenes (a non-gas former) are reported here as 
they seem to be of considerable significance in the 
elucidation of the mechanism of the synthesis of 
amino-acids and proteins by bacteria. 
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The protein content of Baci, coli is 8o to go per 
cent of the dry weight. The amount of total protein 
synthesised by this organism may therefore be taken 
as proportional to the amount of their total growth.^ 
In our experiments growth in the initial phase has 
been measured by viable counting (pour plate method) 
with washed inoculum of j 00-200 thousand organisms 
l)er cubic centimetre. The dicarboxylic acids and 
a-ketonic acids used here were .sterili.sed by filtration 
through small well-burnt candles immediately before 
use. 

It is of interest to note that oxalacetic acid 
initiates faster growth than either fumaric or malic 
acids in the presence of ammonium sulphate (2.5 mg. 
l)er C.C.), the growth being the least with fumaric 
acid. (Table i). 


TABLE I 

GENKKATION time in THK PRKSKNCR C,-lUCAKROXYI.lC 
ACIDS AND AMMONIA 


eVacids (0 005 M) 

Generation time in minutes at 

6 hrs. 

10 hrs. 

Fumaric acid 

178 

125-2 

Malic acid 

119 

99-6 

Oxalacetic acid 

69 

i 

70-3 


This initial rate of growth with oxalacetic acid 
is also faster than that with either a-ketoglutaric or 
pyruvic acids. (Table II). 

TABLE II 

Generation time in the pre.sivncic of a-KKToNic acids 

AND AMMONIA 

! (ieiieratioii lime in minutes at 


Ketonic acid.s (0 005 M) 

• 1 



3 hrs. 

10 hrs. 

Pyruvic acid 

917 

115 

or-kctotrlutaric acid ... 

307 

98 

Oxalacetic acid 

276 

90 


Lactic, malic and succinic acids support growth 
ill the presence of ammonia with or without glucose. 
Citric, aconitic, tartaric and malonic acids do not 
support growth with ammonia but largely accelerate 
growth only when glucose, glactose, arabinose or 
lactose is also added. This stimulation of growth by 
citric acid occurs anaerobically as well and is not 
appreciably inhibited by malonic acid or fluoride. 
Cyanide and arsenite, on the other hand, completely 
inhibit the growth of this organism. Citric acid also 


stimulates to a much smaller extent the growth with 
glucose in the presence of glycine or leucine. 
Succinic, malic or fumaric acids fail to stimulate in 
the same way as citric acid, thereby indicating that 
this stimulation was not according to the citric acid 
cyclc.^ Similar stimulation of Mycobacterium was re- 
ported earlier.® 

Hydroxylaminc, acetamide or guanidine fail to 
sui>port growth in the presence of malic acid. 
Ammonia appears to be a better source of nitrogen 
than glycine in the initiation of the growth with 
oxalacetic acid. Leucine which is not determined by 
this organism supports growth with malic, succinic 
or lactic acids but not with citric or aconitic acids. 
Asparagine, aspartic or glutamic acids, on the other 
hand, cause approximately the same growth. 

The foregoing findings suggest that oxalacetic 
acid occupies a central position in the synthesis of 
amino-acids by bacteria.® Aspartic and glutamic acids 
primarily formed cause the synthesis of other a-amino 
acids by transamination.^ 

Further work is in progress to study ilic inter- 
mediary metabolism involved. 

N. B. Das 

Imperial Veterinary Research Institute, 
Mukteswar-Kumaun, 8-10-1945. 

* Koser, S. A., /. BacL, 8, 493, 1923. 

•Qnastd, J. H., Biochem, J., 19, 641, 192S. 

» Mueller, J. II., /. Bact., 29, 383. 1935. 

^ Krelw, H. A. & Jolmson, W. A., Kuzymoloii;ia, 4, 148, HW7. 

* Kelson, N. L. and Hunter, G. J. K.. Biociiew. J., 31, 56.1, 

1943. 

“Virlanen, A. 1., Nature, 155, 747. 1945. 

Mvichstein, H. C. & Cohen, P. P., ]. Biol. Chem., 157, 

85, 1945. 


ON THE LACTIC ACID FERMENTATION 

Thk production of lactic acid with good yields 
and that again in a short period by the fermentation 
of a suitable carbohydrate by one or other lactic acid 
bacteria depends on the kind, quantity and combina- 
tion of the acces.sory nutrients.^ It has been shown 
from this laboratory* that fermentation of molasses 
by L, Bulgaricus can be completed within 48 hours 
even when the mash is maintained at 37®C if a con- 
centrate from liver be incorporated with the ferment- 
ing medium. In any commercial production atten- 
tion should be directed towards the cost involved and 
as such an investigation has been undertaken to find 
out suitable accessory factors that may replace the 
liver extract partly or wholly in increasing the yield 
and rate of production of lactic acid. 
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In a recent paper Basu ei al^ have shown that a 
papain-digest of groundnut meal oflEers a suitable 
medium for the growth of various microorganisms. 
Accordingly a fermentation of cane sugar solution by 
L. Delbruckii with incorporation of various con- 
centrations of groundnut meal extract was carried out 
at 37^. The fermenting mash consisted of 15 
per cent cane sugar, 9 per cent calcium carbonate, 
various concentrations of liver extract and groundnut 
meal digest. In the table the latter are being res- 
pectively expressed in terms of raw liver and fresh 
groimdnut meal. The rate of fermentation is being 
recorded in Table I. 


TABLE I 

fermentation Temp. : 37® ; Cane Sugar : 15% ; CaCO, : 9% 



Acces.sory Factor 

1 % of Sugar fermented 

j hours 

Expt. 

Ground- 

Liver 





nut 

Digest % 

concen- 
trate % 

96 

136 

150 

1 

40 

P25 1 

72*4 

99-8 


2 

40 

0-65 1 

310 

540 

— 

3 

2-8 

1-25 1 

71-7 

996 

— 

4 

1-6 

1 

I 25 1 

60-7 

840 

997 


From the above table, it appears that an optimum 
amount of liver concentrate with a certain propor- 
tion of groundnut meal digest increases the rate of 
fermentation (Expt. 3). It may be noted that the 
nutrients involved in lactic acid fermentation arc 
mostly vitamins of B group** '‘* * and, as such an ex- 
tract of apical portions of the shoots of the creepers 
that are rich in vitamin B complex ma> also serve 
as a source of nutrients in lactic acid fermentation. 
Accordingly, fresh shoots of the plant Lagenaria 
Vulgaris (Bengali — Lou) were mixed with sand 
(equal part) and thoroughly macerated with water 
(two times the weight of the plant). The aqueous 
extract was centrifuged and the supernatant liquid 
was left overnight in refrigerator and then filtered 
through a candle. This sterilised solution gave no 
precipitate with trichloracetic acid, or phosphotung- 
stic add. The total solid content of the extract was 
2 per cent on the basis of the weight of the plant. 
This extract was then incorporated in a fermenting 
niash containing various concentrations of sugar 
along with the groundnut meal digest. The rate of 
fermentation by L, delbruckii at 37® is being re- 
corded in Table II. The figures against groundnut 
digest and L. Vulgaris extract indicate the amount 
of raw meal and fresh shoots used in preparing the 
1‘cspective digest and extract for each experiment, 

7 


TABLE 11 


Fermentation Temp. : 37® 






1 

% of Sugar 




Accessory Factor 1 

fermented 


Sugar 

CaCo. 



in hours 

Bxpt. 







% 

% 

Groundnut 

\l. Vuigaris 

48 

96 




Digest % 

Extract % 

5 

5 

3 

1 ^ 

25 

90 

100 

6 

10 

6 

1 * 


75 

100 

7 

15 

9 

M 

1 " 

72-6 

97-6 


From Table II, it would be evident that incor- 
poration of an aqueous extract from Lagenaria Vul- 
garis helps in the rapid fermentation of the sugar by 
/.. Delbruckii. The results recorded above are from 
average of three experiments and it may be recorded 
here that the extract from L. Vulgaris fails to accele- 
rate the above rate of fermentation if it be heated 
at a temperature above 8o^C. Further work is in 
progress to find out other sources of nutrients for 
lactic acid fermentation. 

The author wishes to express his sincere thanks 
to Dr U. P. Basu for suggesting the work. 

D. Bhattacharya 

Bengal Immunity Research Laboratory, 

Calcutta, 14-10-1945. 
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ON THE EFFECT OF WATER SUPPLY ON THE 
GROWTH AND DEVELOPMENT OF MUNG 
PHASEOLLS RADIATUS (LINN) 

A prkmminary experiment on the effect of water 
supply was set up with Mung I. P. 28 from Pusa. 
The seeds were sown in pots 7^ diameter and 7^ 
height oq 26-3-45, each pot of Set I receiving 150 c.c. 
water daily and that of the Set II, 500 c.c. water 
daily. There were 5 pots with two plants each, for 
each of the treatments. 

The growth and development of the plant was 
followed by taking the following readings at the 
different stages of development the date of genni- 
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nation, date of the shedding of the cotyledonary 
leaves, emergence of the first leaf ; the increase in 
height, number of nodes and number of leaves 
(noted every 48 hours from 1-4-45 till 19-5-45 when 
the leaves were becoming dry and being shed no 
further growth was noticed) ; the date of the first 
visible flower bud, of the opening of the first flower, 
of setting of the first fruit ; and at the end the length 
of the tap root, the number of branches of the root, 
the number of nodules on the main and branch roots, 
the number of branches of the shoot, the number of 
fruits per plant, length of the pods, the number of 
seeds per fruit and the weight of each seed. The 
mean average data for the readings of all the plants 
ai e tabulated below : — 


Tabic T 



Date of 
gcniiinatiun 

Date of shedding i 
of the cotyledo- , 
njiry leaves in j 
davs 1 

Date of 
emergence of 
the first leaf 
in days* 

Set I 

31-3-45 (5 days) | 

42- 1 

22 

Set II 

30-3-45 (4 days)' 

29*3 , 

12 


i 


• It was found that the date of emergence of the first 
leaf and the date of shedding of the cotyledonary leaves 
were related to each other. 


Table II 


' Increase in height every 48 
; hrs. in cm. 



Early 
stage 
1-4-45 to 
15-4-45 

Middle 
stage from 
17-4-45 to 
1-5-45 

I<atc stage 
from 3-5-45 
to 19-5-45 
' 

Nodes 
up to 
19-5-45 

Leaves 
up to 
19-5-45 

Set I 

0-272 

0-225 

! 0-280 

6-37 

5-5 

Set II 

0-254 

0-501 

1-820 

12-00 

17-1 


Table m 



First 

flower 

bad 

initiation 
in days 

First open- 
ing of 
flower 
in days 

Setting of 
first fruit 
in days 

Number of 
fruits per 
plant 

Length ol 
the pod 

Set I 

46 

1 56-3 

59-0 

4-2 

3-05 cm. 

Set 11 

36 

39-4 

! 

42*1 

18-8 

4*80 cm. 


Number 
of seeds 
per fruit 

1 

Weight of j 
one seed j 



Set I 

4-0 

0-030 gms. 

! 

! 

i 



Set 11 

6-16 

0*035 gms. i 




Table IV 



1 

Length 
of the 
tap root 
in cm. 

Number of 
branches 
of the 
main root 

Number of 
Nodules 

1 on the 
main root* 

Number of 
Nodules 
on the 
branch 
roots* 

Number i 
br.'Uiclit*: 
of the 

1 shoot 

Set I 

n-74 

4-8 

2-4 

6-4 

! Nil 

Setir 

12-68 

10-2 1 

8-0 

19-6 

4-5 


• The size of the individual nodules were distincth 
larger in Set II. 


It is seen that the rate of increase in height every 
42 hours is slightly higher in Set I in the early stage, 
but in the other stages it is higher in Set II and the 
difference is very marked in the late stage. The 
flowering and fruiting is hastened and the yield is 
distinctly greater in Set II. On the whole it was 
found that ail the developmental changes followed 
were much more pronounced in Set II in which each 
pot received 500 c.c. water daily. 

My thanks are due to Prof. J. C. Sen Gupta for 
his interest in the investigation. 

Dhruho Kumar Mukherji 

Botanical Laboratory, 

Presidency College, 

Calcutta, 14-10-1945. 
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ALL day long the 
bananas bask in the sun 
and gather in the properties 
necessary to give you health and 
energy. Bananas arc a rich food. They are 
filled with minerals, proteins and fats. They arc most 
helpful as a substitute nourishment for those people who 
cannot afford milk, butter, cheese or eggs. 

Bananas require little care, but they need plenty of sunshine. They grow in 
a well-irrigated heavy manured soil. About 735 plants can be grown in one 
acre. This includes offshoots, for each banana tree sprouts at least two 
offshoots. Each plant and offshoot bears an average of 12 dozen fruit 
per annum. They are available all the year round and thus a good and 
steady income can be assured to the cultivator of a planned orchard. 

But bananas rot quickly, and over-ripe bananas arc harmful 
to health. ROADS arc urgently -needed, for only they can 
provide the rapid transport that is required if the 
fruit is to reach your table in .iood condition. 


CrOOD A^E AXfENUES TO PEOSPEIilTY 
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LATEST BOOKS AT NEW CONTROL PRICES 


Rs. A. 


Hack's CHEMICAL DICTIONARY (1944)-Orant ... 56 4 
Calometric Analysis— Allport ... ... ... 30 0 

Practical Organic Chemistry— COHEN ... ... 7 0 

Textbook of Qual. Chem. Analysis— Vogel ... 11 11 

Intermediate Chemistry— Prescott ... ... 11 11 

Metallography of Iron & Steel — Plant ..? ... II 11 

Outline of Industrial METALLURGY — Paterson ... II 11 
Workshop YEARBOOK & Production Engineering 

Hand Book ... ... ... ... 28 2 

Eg. Precision Measurements — kludge ... ... 23 7 

Dictionary of ELECTRICAL TERMS— ROGET ... 11 11 

Electrical & Radio Dictionary— Dunlap .. ... 6 9 

D.C. lUectrical Engineering — ^Barr & Bolton ... 14 1 

Electrical Measurements etc. — Golding ... ... 19 11 

Problems in Elect. Engineering— P. Smith ... 7 15 

Strength of Materials *45— Warnock ... ... 11 II 

Electrical Technology— Cotton ... ... ... 14 I 

Theory of Structures— Coultras ... ... 16 14 

Aircraft Ma'ntcnancs— Brimm ... ... ... 9 13 

Aircraft ENGINE Maintenance — Brimm ... ... 9 13 

All RADIO books by TERMAN, IIENNEY & 
GLASGOW available 

Plastics— Dubois ... ... ... ... 25 5 

Modern Plastics— Barron ... ... ... 39 6 

Whither Plastics — Fleck ... ... ... 14 1 


Postage extra 


Rs. A. 


How to Remodel a House— Dalzell ... ... 31 14 

Text-book of CONCRETE— Despande R. S. ... 18 8 

MODERN IDEAL HOMES— Despande R S. ... 12 8 
Cheap & Healthy Homes— Despande R. S. ... 6 0 

Surveying— Norman Thomas .... ... ... 23 7 

Surveying : Theory & Practice— Davis ... ... 32 13 

Building Construction — ^Mitchell ... ... 11 11 

PROPERTIES OF MATTER— Champion & Davy ... 18 12 

SOUND— Richardson ... ... ... 15 0 

Advanced PRACTICAL Physics— Worsnop & Flint 21 I 

Manual of PHYSICS— Crowther ... ... 13 2 

Hydraulics— LEWITT ... ... ... 14 I 

Engineering Economics 1— Burnham ... ... 11 11 

SUPPLY & DEMAND— Henderson ... ... 5 2 

Modern Business Methods — Bahl & Dhongde ... 4 4 

THEORY OF MACHINES -^TOFT & KERSEY ... 14 1 
PRACTICAL MATHEMATICS -TOFT & McKAY ... 14 I 
1st Year Engineering DRAWING PARKINSON ... 5 10 

Heat Engines— Moorefield ... ... ... 6 9 

Boiler Plant Technology — Batley & Barber ... 14 1 

Boiler House Practice — ^Pull ... ... ... 5 10 

THERMODYNAMICS *45— Lewitt ... ... 23 7 

Heat Engine Calculations— Talb(3t ... ... 3 4 

Development & Design of Heavy Oil Engines ... 5 10 

Irrigation Pocket Book — BUCKLEY ..- 39 6 


See our March and June Advts. for other books. 


MODERN BOOK STALL, POONA 1 (Dept. SC3) 



When replying to the advertisers, please mention that you have seen the advertisement in Science cad Culture. 
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MABCOS’ 


SuUkkal 


Fountain Pen Ink 


“ In no way it is inferior to other 
well-known fountain pen inks of foreign 
make 

Sd/- P. N. Ghosh, M.A., 
Ph.D., Sc.D., F.Inst.P., 
Sit Rash Behary Ghosh Professor, 
Calcutta University, and Chairman, 
Industrial Survey Committee, 
Government of Bengal. 


MAITRA BROTHERS & CO. 

LIMITED 

Kasba Road P.O. Dhakurla 

CALCUTTA 


Emilsons 

Vltafoll 

Hair invigorator Containing Vitamin 'F 

1. Stimulates the hair root 

2. Promotes the growth of hair 

even in the smooth balded 
area. 

3. Pemoves the dryness of the 

sculp. 

4. Prevents scurf and dandruff. 
Post Box No. 11443, CALCUTTA 


FINE CHEMICALS & 

LABORATORY APPARATUS 

For 

INDUSTRIES 

TEXTILE & DYE WORKS 
CHEinCAL A PHARMACEUTICAL WORKS 
SUGAR ft CEMENT FACTORIES 
SOAP ft OIL FACTORIES 
RUBBER ft PAPER HILLS 
SCIENTIFIC, TECHNICAL AND MEDICAL 
INSmUTIONS. 

A. K. MITTER & CO. 

14, Bentinck Street (Room 13) 
CALCUTTA 

TRIAL SOUCITED Phone : Cal. 4664 


S. K. Biswas St Co. 

Manu^aciatati oj^ 
HIGH GRADE SCIENTIFIC 
GLASS APPARATUS AND 
MEDICAL REQUISITES 

137, Bowbazar Street, 
CALCUTTA 

Phon. ; B. B. 5359 Gram i ‘SOXHLET’.Cal. 
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ir-^BIOGRAPHY o/ SIR P. C. RA^^=| 

The Editorial Board of SCIENCE AND CULTURE has 
undertaken the publication of an authoritative bio- 
graphy of Sir P, C. Ray. Within the active period 
of his life extending up to sixty years he was con- 
nected with numerous educational institutions, relief 
organisations, industrial concerns, and nation-building 
works and public bodies. He has delivered addresses 
on education, industry and on different aspects of 
national problems and of nation-building. He has 
written illuminating letters to private persons which 
have an abiding interest. These materials are of 
great value in the compilation of the biography. 

We shall be glad if copies of his addresses, 
lectures and other information are kif^dlu sent to 
us by our subscribers and others. Due acknowledg- 
ment will be made of them in the biography, and 
these will be returned after the publication of the 
biography is over. A separate section in our office 
is in charge for storage and safe custody of all such 
materials. 

Materials are to be sent to the office at 
92, Upper Circular Road, Calcutta. 



Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

The 


BACK ISSUES WANTED 


I 

II 

III 

IV 

VI 

VII 

VIII 

IX 

X 

XI 


JNos. 4 and 13 (September, 1935 and June, 1936) 

Nos. I and 7 (July, 1936 and Janury, 1937) 

Nos. 1 and 10 (July, 1937 and April, 1938) 

Nos. 1 and 9 (July, 1938 and March, 1939) 

Nos. 2, 7 and 8 (August. 1940, January and February, 1941) 
Nos. 1, 7, and 8 (July, 1941, January and February, 1942) 
No. 8 (February, 1943) 


Nos. 1, 2, 3, 4, 5, 6, 8 and 9 (July, Aug., Sept., Oct., Nov., 

Dec.» 1943, Feb., and March, 1944) 
Nos. 1, 6, 7, 8, 9 (July and December, 1944, January, February, 

and March, 1945) 


No. 2 (August, 1945) 


Science and Culture Office is willing to purchase the above copies. 
Kindly write to the Office at 92, Upper Circular Road, Calcutta. 
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ACID PHOSPHORIC 

IRupsss Gallom 


GLYCEROPHOSPHORIC^ACID 
POTASSIUMfGLYCEROPHOS 
CALCIUM GLYCEROPHOS 
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HIGH-VACUUM TECHNOLOGY 


VACUUM PUMPS 

• ALL-GLASS 

Single Stage 10“* mm. 

3.Compartment. 2-let .. 5x10-’ mm. 
4-Compartment, 3-Jet .. 5x10-* mm. 

• METAL BOOSTER, Type MB-15 10-^ mm. 

• GLASS BOOSTER tO-* mm. 

• GLASS-METAL, HIGH SPEED .. 5x10-* 

• METAL FRACTIONATING 

Horizontal, Type MF-250 .. 5x 10-’ mm. 
Vertical, Type VMF-10 10-* mm. 

Type VMF-20 IO-*mm. 


ORGANIC 
PUMP OILS 

AMOIL 

AMOIL.S 

OCTOIL 

OCTOIL-S 

BUTYL PHTHALATE 
GREASES 

Celvacene— light 
Celvacen»--heeTy 


AIDS 

PYRANl GAUGE, TYPE PG-l 

IONIZATION GAUGE, TYPE Vai 
(See illustration) 

TYPICAL OPERATION 
Filament 3‘5v 2*75 amp. 

Grid -i-150v 5*0 ma 
Collector 25v 2*0 /ta. 

Pressure I0-* mm. of Hg. 


PRODUCTS 

OF 

DISTILLATION 
PRODUCTS, INC 
ROCHESTER 



For 

PARTICULARS 
PLEASE 
WRITE US 
TODAY 


IONIZATION GAUGE, TYPE^VG-l 

R E J A F I X IT ! 


The only Machine which Prints both LETTER-PRESS & OFFSET 
ON PAPER. CARDBOARD. CELLOPHANE. CEll-ULOID. -METAL FOIL. ALUMINIUM. CLASS, PORCELAIN. 
ENAMEL SYN RESIN. WOOD. WOVEN FABRIC. OIL CLOTH. LEATHER. CARTONS. MEMOS. WRAPPERS. 


OWN MAKE-FILTER PRESS, TABLET MACHINES, EPIDIASCOPE, NIRVATAK PUMP 


Telegrams; R A tl " D E R"K A R ft C 0« Telephone; 

“TECHUB” COMMISSARIAT BUILDING, HORNBY ROAD, BOMBAY ' 2 7 3 0 4 
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PURE VENOMS 

of 

COBRA . . . . ORANGE SPIDER 
VIPERS .. ..CUBAN SPIDER 
RATTLESNAKE ..RED ANTS 
BLISTERING FLY . . HONEY BEE 

Available in Therapeutic doses 
in I C.C., 2 c.c. Ampules. 

Descriptive Booklet Free to the Medical Profession 

LEXIN LABORATORY 

MIHIJAM, E. I. R. (S. P.) 
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PUT IT IN WRITING 

Because Paper Remembers What You Can Forget 

SAVE TIME — PREVENT ERRORS 


Get your Paper for writing & printing f\ 


rom : 


l^aiglhyimavlh ^ S®inis 

“BHOLANATH DHAM” 

33-2, BEADON STREET, CALCUTTA 


Phone I B. B. 4175 


Grams i “NOTEPAPER” 


BRANCHES: 


CALCUTTA : 20, Synagogue Street. DACCA : 31-1, Patuatuly Street. 


FOREBODINGS r. ANTICIPATION 

Nobody knows what the morrow holds for him. Fabled millionaires of yesterday, with far 
flung business, have the task today of earning bread and lodging by manual labour. They 
did not hedge against the day when fortune would no longer smile. Men and women who 
are weighed down by the burden of family at the end of ^heir productive road, face an 
ominous future ; because in the vigour of maturity, they did not provide for the salad days 
of life. A small regular saving of a life insurance contract would have changed forebodings 
to anticipation. 

Save through a Hindusthan Policy and be Sure of an Assured future 


New Business 1944 


fi[ .^1)) Over Rs. 10 Crores 


It ill 


HIMDUSTHAN CO-OFERATIVE 

INSURANCE SOCIETY, LIMITED ^ 

Head O^e : HINDUSTHAN BUILDINGS, CALCUTTA 
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HUNDRED YEARS OF THE GEOLOGICAL SURVEY OF INDIA 


neoloffical Survey of India completes in 

1945 a hundred year of its existence.* The 
story of its formation, and activities during; these 
hundred years is told in detail in a subsequent 
article by Mr A. K. Ohosh. The Cfovernment 
of India have just issued a pamphlet, recommend- 
injr measures for the expansion and rcorjg^aniza- 
tion of the Oeolo^ical vSurvey, in view of the 
.ureat demand which exists in the country for the 
services of a far larjs^er number of p:eoloj>;ists and 
niineralo|2:ists, if the intended industrial develop- 
ments, and other constnictive works that have been 
proposed arc really to be tackled earnestly. A 
summary of these recommendations is jxiven in the 
second article of the scries. 

A perusal of these articles will show that durin.c: 
the hundred years of its existence, the officers of the 
Oeological Survey, have done quite a lot of creditable 
scientific work by their surveys. Due to ihcir labours, 
the geological structure of the various parts of the 
Indian continent have been knoun in a general way, 
and coal fields, iron and manganese deposits, deposits 
of chromite, magnesite mica, sulphur and other 
economic minerals have been located and to some 
extent surveyed. The accounts of all these works 
are contained in the various publications of the 
Oeological Survey, and are available to public in this 
country as well as in other countries. 

But complaint has justly been made that the work 
accomplished is quite inadequate, and is only a micros- 
copic part of the work lying ahead of us. To take a 


• The first man to serve as Geologist hi India was 
Dr Voysey, who, in 1818, was attached to the sur\'eying 
party of Col. Lambton as Surgeon and Geologi.st. He wrote 
a pamphlet ‘On the Diamond Mine.<5 of Scnith India ^ In 
I8«, D. H. Williams of the Geological {Purvey of Great 
Rritain was sent out as Geological Surveyor to the Hast 
India Company. For details see p. 331. 


single illustration, only 189,400 sq. miles of the coun- 
try (t 2% of the total area) have been mapped on the 
standard scale of one inch to one mile, while the re- 
maining 88% of the area remains to be completed. 
No blame attaches to the officers of the Geological 
Survey of India for the failure to carry out the 
complete survey, for the department has been, from 
the very beginning, insufficiently staffed. The recent 
proposal of the Government of India to extend the 
personnel of geologists from the present strength of 
30 to 130 in course of five years, though quite modest 
and insufficient for the neeils of the country, will be 
very greatly welcomed, as a first step. 

But 'shortage of trained geologists* is not the 
only drawback from vvhicb the geological organization 
in this country suffer. Geology is an integrated three 
dimensional science, and if the country wants to have 
a sufficiently full geological knowledge of the countrv, 
investigations should not be confined to 'surface 
examination of the geological specimens alone’ as has 
hitherto been done, but slionld be extended to the 
interior, with the aid of all appliances and theories 
which other fundamental sciences like Physics, 
Chemistry, Biology, and Astronomy are placing every- 
day at our disposal. dlV have no organization no7v 
for mobilizing knoielcdgr of fundamental sciences in 
the service of the Geology of this country. 

Let us try to make the remark a little more lucid 
by an example. In most parts of Canada, the ground 
is permanently under a thick ice cover, and ordinary 
geological methods of investigation completely fail. 
Canada has therefore dcvclope<l in co-operation with 
her Universities, geophysical methods for the ex- 
ploration of mineral deposits. She employs magnetic 
surveys, artificial seismic methods, and gravity sur- 
veys for the location of important orc-bodics. In this 
way, very important ore bodies, ampiigst them a very 
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important and extensive iron ore-deposit has been 
discovered in perpetually ice-bound Labrador. In 
Arabia, where one sees nothing but a sea of sand on 
the surface, a group of American oil prospectors 
applying modem gco])liysical methotls have found 
the richest deposit of petroleum in the world, which 
is expected to yield 84,000 million dollars (equal to 
42 years budget of India) worth of petroleum. These 
instances can be multiplied, but we propose to take 
up this matter in another issue of Sciknch and 
Culture. 

The complaint has justly been made against the 
Government that though, by the establishment of 
the Geological Survey of India, they are accummu- 
lating a good deal of valuable geological and mineral 
knowledge, and making it available to the whole 
world, the Government have done little* or almost 
nothing, to utilize this knowledge in the interest of 
the country’s industrial development. It is left to 
the private companies or individuals to exploit this 
knowledge. P'urther in spite of protests by eminent 
geologists, many of them officials like Sir I^ewis 
Fermor, it has done very little to prevent misuse of 
the valuable coal and mineral dep*)sits, which arc 
national assets, by these private concerns, who arc 
actuated only by a f)rofit motive. 

This question has been hanging since 1Q02, in 
which year, as mentioned in Mr Ghosh’s article 
(third article of the scries), the Geological Survey 
of India possessed six specialized mineral experts 
and was prepared for a big utilization drive. The 
Government of India turned down the proposal 
as the Government took the view that the depart- 
ment was mainly concerned in getting minerals 
for export to other countries, and diverted the staff 
to the newly started dei>artmeiit of mines, whose 
duties consisted merely in policemen’s work. Later, 
the Islington Commission on public services in 1915 
recommended ultimate development of mineral re- 
sources by private parties. 

Owing to the absence of any active mineral 
policy of the Government, valuable economic minerals 
like manganese, chromite were being shijiped from 
India in large quantities for quite negligible sums. 
The utilization branch of the Geological Survey of 
India which was started in 1942, after the fall of 
Burma, has been retrenched due to some mysterious 
reasons. 

The utilization of mineral wealth of every country 
depends to a large extent on industrial research. But 
in India there is far greater need for such research. 
Much of the mineral wealth of India is in a form not 
amenable to treatment by standard European uro' 
cesses and the maximum production from recognized 
mineral areas needs investigation. The Indian scien- 
tists, the Government and the Industrialists should 


co-operate for research in these problems. India 
produces 80 per cent of the wwld’s better class mica, 
vital to the electrical industry and its future is 
dependent on the continuous research both in the 
field and in the laboratory. 

National Mineral Policy 

The Geological Survey of India is at present in 
charge of the Labour Member of the Government of 
India but coal an important mineral has been trans- 
ferred to the care of the Supply IVIember. The 
Planning Member has to plan all post-war reconstruc- 
tion programmes. It is imperative that the Planning 
of the Geological Survey of India should be co- 
ordinated and a unified programme adopted and in 
this it is for the Indians to plan the programme of the 
future of the G.vS.T. The policy of the G.S.I. has 
been so far to control the mineral policy and 
development of India’s mineral resources by private 
parties. Even after a century of the establishment 
of the G.S.I. , Dr Ambedkar, the Labour Member, 
said early last year *T shall be very candid and say 
that the Government of India so far had really no 
mineral policy”. 

In his statement of the Government’s Industrial 
Policy, Sir Ardeshir Dalai, Member for Planning 
says, ”The survey of mineral resources is another field 
where the responsibility falls squarely on the Central 
Government. Steps are being taken to extend the 
Geological Survey”. There is a specific reference to 
coal only in the statement. 

In the opinion of Sir Cyril Fox (1942), India even 
from pre-historic days — 2000 B.C. — was a manufactur- 
ing country in respect of important metals and was 
actually exporting manufactured .steel to other parts 
of the world. With British connection, the whole 
picture turned, when the only importance of the 
geological work on the part of the Government was 
realized in the interests of getting coal for the 
purpose of supplying ships which came from Euroi)e 
with merchandize to this country. Sir Cyril Fox 
fuither said “The work of geologists in India w^'is 
mainly to promote the export of raw materials rather 
than encourage industrial development of the 
country”. 

On March 1945, Dr Ambedkar for the first time 
in a statement, clarified the Government of India’s 
mineral policy. He divided this policy in two parts : 
first of these was reconstitution of the G.S.I., in 
order to make it a more potent instrument for the 
furtherance of Government’s policy and secondly, the 
Government’s proposal to initiate legislation for 
establishing control over minerals. 

In a review of the mineral resources and 
industries of India and their post-war development 
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drawn by the Advisory Committee of the Mining, object of the enquiry would be to ensure that a 


Geological and Metallurgical Institute of India it is 
stated ‘‘there is much to appreciate in the contention 
that the world’s industry has gained more from the 
use of Indian minerals than Indian trade itself has 
gained ; indeed the argument has been advanced by 
some that most of these minerals have been exported 
in the raw state to the detriment of India’s industrial 
possibilities”. 

It is obvious that the mineral policy of the 
Government of India has been kept separate from 
the industrial policy but “the mineral policy of any 
Government is necessarily' dei)endent ui)on the in- 
dustrial policy of that Government. Mineials neces- 
sarily play a great part in the industrial development 
of the country and if the country has no industrial 
policy, obviously there cannot be a mineral policy at 
all”, says Dr Ambedkar. 

But in spite of this, in the statement of Govern- 
ment of India’s industrial policy, the mineral policy 
is .still left undefined. 

Mr I). N. Wadia, Mineral Adviser to the 
Department of Planning and Development, Govern- 
ment of India, as Chairman of the Mining and 
Metallurgy section of the National Planning Com- 
mittee, suggested that in planning the National 
.Mineral Policy, it is imperative to aim at : 

(1) control of unrestricted export of all the key miner- 
als in raw stage; 

(2) stoppage of export of metallic ores without a com- 
pensatory return or barter of equally important min- 
erals and metals in which the country is deficient; 

(3) a better adjustment of mineral tariff in the levying 
of export and import duties and fixing of quotas; 

(4) domestic treatment or part manufacture of several 
raw materials before export; 

(5) provision of facilities for free technical advice and 
information on mining methods and practice for 
minerals which are produced for home manufac- 
turers. 


Nationau/atiun of Coai. Ini>ustry 

In his presidential address to the (^icology and 
Geography section of the 32nd Indian Science 
Congress, held at Nagpur in January last, Mr N. N. 
Chatter jee specially discussed the subject of national- 
ization of coal. He said “if this idea of national- 
ization could mature successfully I think there would 
l>e maximum conservation both in extraction as well 
as in proper utilization”. Nationalization of mines 
and ownership of mineral properties by the State 
would be ideal if practicable. 

Since then Sir Ramaswanii Mudaliar, Supply 
Member declared recently in Calcutta that the 
Government of India is now contemplating an 
enquiry into some aspects of the coal trade. The 


national asset like coal was conserved and the 
interests of the industry safeguarded. The ‘Indian 
Coalfields Committee’ is now set up with Mr K. C. 
Maliindra until lately head of the Indian Supply 
Mission, Washington as Chairman, to report on the 
various problems of coal industry. 

It is to be noted that the Government of India 
during the last 25 years, appointed 3 committees to re- 
port on certain well-defined problems affecting the coal 
industr\' in this country, whose recommendations 
have not been hitherto implemented. 

The first of these considered and reported in 
1920 (Foley Committee), the recommendations of 
R. J. Treharne Rees (1919) on the methods of cual 
mining in India, with a view to avoid waste of coal 
deposits. The second (Noyce Committee) which re- 
ported in 1925, had the limited objective of proposing 
measures necessary for grading of coal and stimulat- 
ing the export of graded coal from Calcutta to 
Indian and foreign ports. The third (Burrows 
Committee) of 1937 rei)orted on measures deemed 
necessary both for tlie prevention of avoidable waste 
of coal deposits and for securing the safety of those 
employed in the extraction of coal. 

The Government now realizes the need for 
vigorous action in respect of both conservation and 
rationalization, if the coal industry is to play its full 
part in the economic re-planning of the country. 

The Maliindra Committee will report in particular 
oil the conservation of high-grade metallurgical and 
steam coal, the opening of new fields, the economics 
of the coal industry and the stabilization of coal 
prices. 

Similarly a committee has been set up to examine 
the conditions prevailing in the mica trade and 
industry for ensuring conservation and development 
of this important mineral in an economic manner. 

The Government of India should now clearly 
chalk out suitable Mineral and Industry policy im- 
mediately to safeguard the economic mineral deposits 
of the country and fo.ster the establishment of 
industries, that would help to raise the standard of 
living of the masses. 

Development of these mineral resources could be 
entrusted to private enterprise under Government 
control. The aim in exploitation must be to turn out 
the processed j^roduct as far as possible, and to 
establish a number of well-equipped research insti- 
tutes throughout the country with strong Govern- 
ment backing, who should strike out new grounds by 
constantly investigating new processes. India has the 
world’s largest iron ore deposits both quantitatively 
and qualitatively but her coking coal resources are 
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limited and unless immediate steps are taken to con- improvement in the coal and other economic minerals, 
serve coking coal, India may have none left after India should have a National Mineral Policy and that 
forty-five years according to Sir Cyril Fox. there should be a central organization like the National 

For successful functioning in the schemes of Research Council for advice and guidance. 


POST-WAR PLANS FOR THE GEOLOGICAL SURVEY * 


‘TiTiTAILS arc now available ,of the Government 
of India’s scheme for the next 5 years to 
expand the Geological vSurvey of India to help 
extensive exploration of the country’s mineral, 
and water resources, and thus assist ijost-war plans 
for industrial and economic development briefly re- 
ported earlier (see Sciknck and Cui/i'ukk, November, 

1945, P. 249). 

Under the scheme, the functions of the Gct)lojfical 
Survey of India will cover (a) preparation of geological 
maps, (6) economic geology, (c) engineering geology and 
water supply, (d) geophysical work, {e) oartluiuakes, (/) dis- 
semination of infonnation, and (g) other functions of the 
geological survey. 

Preparation of Geological Maps : lii earlier years of 
the survey geological maps were prepare<l till the small scale 
of one inch to four miles (italics ours), and during the last 
40 to 50 years, mapping is being done on the standard 
scale of one inch to one mile which permits the delinea- 
tion of greater detail. Uptodate, approximately 1,89,400 sq. 
miles of the area (12%) have been mapped on the standard 
scale and 13,58,279 sq. miles (88%) remains to be done. 
Of this area 4,40,000 sq. tniles consists of alluvium, for 
which special geological methods are required, leaving 

9.20.000 sq. miles to be mapped by normal geological 
methods. 

On an average, an area of 300 to 350 sq. miles can be 
mapped by a geologist in one field season of six months, 
and thus the services of over 200 geologists, working con- 
tinuously for 15 years is required to i)rwlucvi a complete 
geological map of India. As the country is opened up, and 
economically important areas extend, greater detail on 
larger scale maps will be required as is being done with 
the coal-fields and mica belts of Indiia. The importance of 
aerial photography is also emphasized. 

As an immediate step, additional staff of geologists has 
been sanctioned, bringing the cadre strength to 96. The 
extra staff will include 70 experts — 7 superintending geo- 
logists, 18 ordinary geologists and 45 assistant geologists. 
In pre-war days, the cadre hardly exceeded 30. The expan- 
sion will involve an increase in expenditure on geological 
surveying to about Rs. 25 lakhs in five years. 

The present annual expenditure on geological 
survey is about Rs. 6 lakhs. As a contrast to this, it 
is reported that Russia spent Rs. 50 crores on geolo- 
gical survey in 1936 and employed over 5,000 geolo- 
gists for the purpose.! Britain, a very small and a 

• Summary of “Functions and Organisation— The Geo- 
logical Survey of India*’. 

t Prof. M. N. Saha was told that the number of geo- 
logists employed by U. S. S. R. has now increased to 

10.000 by 1945. Besides in the Govemmcni Geological 


geologically well-explored area, spent Rs. 9 lakhs a 
year before the war, where the activities of the State- 
employed geologists were supplemented by much 
valuable w’ork carried out by the universities and 
mining companies. 

Unfortunately, in the proposed reorganization 
of the G.S.I., there is no inentioii of co-operating 
either with the universities or mining companies. 
The universities in India, working under many handi- 
caps, have carried out considerable geological field 
work in recent years and we would like to point out 
that a closer co-operation of the G. S. I. and the 
non-official academic bodies will considerably help 
the progress of field work in Geology. In France, 
the Service de Carte Ceologique de France* is an 
organization for making geological maps of France 
and her colonies. This organization has got only a 
director and few paid officials on its staff. The 
mapping work is actually done by the help of 
different regional universities situated in different 
parts of B'rance and each University Professor known 
as ‘Collaborateur Principal’ is entrusted with the 
survey of a particular area, under whom all his assis- 
tants and research students w^ork. They arc known 
as ‘Collaborateur Auxiliare’ and their mapping work 
is scrutinized by the Professor-in-Cliarge, who when 
satisfied with their work after field checking of their 
results submit them to the Director, Geological 
Survey. 

Economic Geology : Minerals when they are of econo- 
mic importance, needs prospecting, operation or even deve- 
lopment. Recognized mineral areas, e.g., coal-fields, iiiic.t 
belts, iron-ore areas, manganese area.s, and the Singlibhniii 
copper belts needs constant geological inspection, if tlie.st* 
aiv- to be conserved and maximum production obtained. 
During the history of the Bihar mica belt for nearly 70 

Survey in U. S. S. R., they have developed a number of 
fundamental research institutes in different parts of Russia, 
where geological problems are attacked with the aid of 
modem knowledge of physics, chemistry, biology and otlier 
developmental science, e.g., (1) Institute of Geolc^ical 
Sciences, for the survey of mineral re.sources of U. S. S. K. 

(2) The Karpinsky Geological Museum — reorganize! in 1937. 

(3) Institute of Theoretical Geophysics. ( 4 ) The Obruchev 

Institute of Eternal Frost— reorganized in 1936. (5) Insti- 
tute of Geography— founded in 1918. (0) The Dokuchayev 

Institute of Soil Science— founded in 1925. (7) laboratory 

for Hydro-geological problems— founded in 1944. (8) Tlu- 

Oceanographical Laboratory— founded in 1941. (9) Tlu- 

VolcanologuSal Station at Kamchhatka— founded in 1944. 
(10) The l^ke Lalxiratory at Leningrad with station at 
Lake Baikiu— founded in 1928. 
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years, the G. S. I. has not nntil recently been in the posi> 
tioii to carry out detailed work. Future of the mica belt 
and of other economic areas mentioned above depend upon 
a complete knowledge of the structure, formation and loca- 
lization of the dejiosits. Such knowledge can be acquired 
only after years of work. This section will be staffed with 
specialists in certain minerals, e.g., coal, mica, manganese, 
clay, gypsum, etc. 

I/iaision between the G S. I. and the Fuel Research 
Station (Dhanbad) for the study of Indian coal, between 
the G. S. I. «'ind the oil companies on petrological and 
paleontological problems of oil geology is emphasized. 

Engineering Geology and Water Supply : This in- 
volves (a) advice on dam-sites and reservoirs, tunnels, 
bridges, and other foundations, landslips, building stones, 
and road metal, (hj underground water-supply, (c) the 
study of soil and s<nl erosion, and (d) the study of glaciers. 

These have to be studied in liaision with the Depart- 
ments of Agriculture, I'orest, Irrigation and other Public 
Works Department. 

This section is likely to render useful service in 
the large post-war clani-constructioiis, projected in 
various parts of India. It is also proposed to study 
soil and soil erosion. This is a problem over which, 
India cannot sleep over any longer. But in the report 
there is no provision for soil survey. This is a 
subject that can be most conveniently and economi- 
cally tackled by the w.S.I. In China, soil survey 
is linked with the Cicological Survey of China. 

Geophysical Work : This method has three main appli- 
calions : (a) in the investigation of mineral deposits, (b) in 
water supply and engineering geology investigations and 
(c) in normal geological mapping. 

Such work is now being undertaken in Britain, 
Australia, Canada, llic African Colonies, U.S.A. and 
other countries on a scale undreamt of in this 
country.* The Survey of India (War Survey Research 
Institute) has done a little work of this nature on 
mica and manganese. Several oil companies in recent 
>'ears, have devoted attention to geophysical methods 
for oil in India. Jii a paper on “Geophysical I^os- 
pecting for Oil in India'*, submitted to the symposium 
held at Delhi in November, 1945, under the auspices 
of the National Institute of Sciences of India, Kankine 
and Evans described the Geophysical work done by 
the B.O.C. just before the war. They carried out geo- 
physical observations for two years at more than 
22,000 stations, and surveyed 330,000 sq. miles ; the 
total cost was 45 lakhs of rupees and the personnel 
numbered 90. 

The Government report has merely mentioned 
geophysical work, but has neither emphasized its 
importance, nor made any specific recommendations 
about it. And it is futile to expect that any useful 
work can be done by a solitary foreign geophysicist, 
however qualified he or they may be. 

• The Gulf Research and Development Company's 
budget on research alone amounts to 5 million dollars. 
They spend yearly about 50 to 60 million dollars on geo- 
physical exploration. 


If the Government really desires that some useful 
geoidiysical prospecting for oil and minerals be done 
in this country, they siioiild take early .steps for 
founding schools of geophysics in this country where 
teams of students will be trained in the handling of 
modern geophysical apparatus like Gravimeters, in 
magnetic and electric prospecting, in seismic surveys 
etc. as has been done on a very extensive scale in the 
Canadian rniversities. I'he matter will be more ex- 
tensively discussed in a future issue of SciENCK and 
Culture. 

Earthquakes, rield studies of earthquake effects 
is a part of the work of the geologist as it enables him 
to study the relation between earthquakes and crustal 
structure, but such reports, though valuable, are of 
the nature of postmortem examinations. Seismic 
institutes should be established in various centres of 
India, for the exclusive .study of earthquakes, and 
IJossible evolution of methods of forecasts of earth- 
quakes, and particularly for evolution of new types 
of buildings designed to stand severe earthquake 
shocks. 

Dissemination of Jnjormation • Particulars concerning 
ihc mineral industry is dealt with in daily correspondence 
and in the Department’s publications. Collection of statis- 
tics is now a recognized feature of the survey and is likely 
to expand. The advice of the vSurvey w'ill be made avail- 
able to Provincial Governments, Tndiaii States, cotniiiercial 
bodies and the public. 

Other Functions of the G. S. 1. : The lield activities 
of the G. S. I. as mentioned alKive. (a) to {J) can be ade- 
quately completed, if suitable laboratories, a scientiiic 
library, a museum, a drawitig ollico, etc., are available. The 
present facilities for clieiiiicai, niiuerologicul, petrological 
and paleontological work in the laboratories of the G. S. 1. 
will have to be cxpamlcil consulcrably and modernized, 
consistent with cxi^ainled field activities. 

The Department is thus being expanded from its pre- 
war cadre of 20 to 30 geological officers to u cadre ol appro- 
ximately 130 officers with mining and geophysical specialists 
and adequate chemical sluil. The contemplated cadre is 
expected to be reached l>y 1950. 

The scientific staff at the headquarters will consist of 
1 director, 3 deputy (.lireclor.s, 1 petrologist and curator, 
3 assistant peirologists, 1 paleontologist, 2 assistant paleon- 
tologists, 1 senior chemist, and 9 chemists. 

The 3 deputy directors will be in cliarge of 3 sections 
viz., administration, mapping and development. The petro- 
logist and the chemist with assistants will be available not 
only to all sections of the Dcparimeiit but also to the 
general public, Universities and other institutions. Tlie 
paleontologists’ staff will deal with vertebrate, invertebrate 
fossils, paleobotany and the newly developed technique of 
micropaleontology. 

In his evidence before the Islington Commission 
(1915) Mr F. N. Datta remarked, ‘Every geologist was 
a chemist, paleontologist and petrologist, but now 
that all the branches had become specialized it was 
necessary to have a whole lime officer for the wwk 
of the paleontologist alone. His work in connection 
with the identification of fossils was' very important, 
if the department was to remain a Geological Survey’. 
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In its earlier claVvS, the C'r.S.I. had on its stafiF 
eminent paleobotanist and paleontologists, who laid 
the foundation of Indian (leology. Unfortunately, 
the study of fossils is now utterly neglected by the 
survey and the rcpartmciit had no whole-time 
paleontologist or paleobotanist (worth the name) in 
recent years. The Universities in India, are best 
suited for i>alcf)ntological and micropaleontological 
investigations and with adecpiate facilities they could 
co-operate with the vSurvey for such studies. In our 
Opinion, the increase ot paleontological staff to 3 
inenibcrs only will hardly cover all aspects of paleon- 
tological investigations, consistent with the recent 
advancement of the science and its importance in 
the problems of Stratigraphical Geology. 

At the end of 1948, there will be six mapping circles 
(instead of 4 at present) grouped as follows 

(1) North-eastern circlc -Assam and Bengal. 

(2) Eastern Circle— Bihar, Orissa, Eastern States 

Agency. 

(3) Southern Circle -Madras, Madras Stale. 

( 4 ) Western Circle— Bombay, Rajputana, VV. Indian 

States, and Sind. 

(5) Central Circle — Central Provinces, Central India 

and U. P. 

(t>) Northern Circle — Punjab, Baluchistan. N. W. P. P., 
Punjab Slates. 

Each mapping circle will consist of I superintending 
geologist, 3 geologists and 12 assistant geologists. 

The mineral development eircle and the engineering 
geology circle will each consist of : — 1 .superintending geo- 
logist, 4 geologists and 8 assistant geologists. The former 
will include specialists in certain minerals such as coal, 
mica, manganese, clays, gypsum, etc., ami will be of an 
all-India character and the latter of men with highly spe- 
cialized knowledge in the investigation of dam site, water 
supply and other problems pertaining to engineering. 

The development division shall also include geophysi- 
cists and iiiiniug engineering staff. 

For the next few years, it may be difficult to put any 
officers of the survey on deputation to the States or private 
concerns but when the officers are given on loan, charges 
will be levied by the Government. 

The sections of statistics and inforiiiation will be ex- 
panded as necessary and a journal on mineral matters in 
India (more popular) will be issued at regular intervals. 

Indiani/ation of the G.S.I. 

The Islington Commission recommended in 1915 
intcralia : 

(1) that recruitment should be made in Eurojie 
only if the Government of India are 
satisfied, after advertisement that no fit 
statutory native of India can be found in 
India ; 

(2) a school of geology should be developed 
ill India, which will rank with similar 
institution in (ireat Britain. This should 
be staffed from the department and its 
students should work in the field with the 
departmental survey parties ; 


(3) opportunities for promotion should be given 
to qualified sub-assistants ; 

(4) When recruiting from England, the vacan- 
cies should be advertised and a selection 
committee formed of 5 members including 
one Indian. 

hull effect has not yet been given to these specific 
recoiniiicnclatioiis. The post of the Director, G.S.I. 
when vacant is never advertized in this country. The 
seniormost man in the Department if he happens to 
be a European is usually promoted to this post. In 
Great Britain, it is customary to advertize and to get 
the best man to fill the post of the Director. After 
the retirement of Sir John Fleet, who was Director, 
Geological Survey of Cireat Britain for a long time. 
Prof. Bailey of Glasgow University, the best man 
in Great Britain was chosen for this high and spe- 
cialized position. 

The principle of Indiani/ation of the survey first 
enunciated by the Islington Commission was later 
revived by the late Sir B. N. Mitra, Member for 
Industries and Labour after the last war. When 
other sister departments, for example, the Meteoro- 
logical Survey, the Education Service, the Agricul 
lural Service, were completely Iiulianized, the Geolo- 
gical Survey continued unreforuied up to 1925. The 
reasoning was : why arc not Indians employed in 
larger numbers in the Geological Survey ? Answer : 
the Indian Universities do not turn out students of 
geology in sufficient numbers and of sufficient capa- 
city. Why do not the Indian Universities turn out 
such students in sufficient number ? Because there 
were no employments before Ihein before the last war. 
Ill fact, the story of geological education in this 
country is a very sad one. The supersession of 
Messrs P. N. Bose and P. N Datta had such a bad 
mural effect that it led to a setback of geological 
education in this country, and it is only in 
recent years that educational facilities have become 
available in Mysore, Benares, Dhanbad and Lucknow, 
in addition to the facilities available in Calcutta, 
Madras, and Bombay since 1895. Recently, there 
are proposals to commence geological teaching in 
Patna and Nagpur, due to the munificence of the 
Tatas. The Government of India, the Geological 
Survey of India and the University authorities have 
paid little attention to this subject. We draw the 
attention of the Government and the Universities to 
the serious neglect of geological studies in India. 
In spite of these short comings, several brilliant Indian 
students who were trained both in India and abroad 
received very little encouragement from the Geological 
Survey of India. The ultimate aim of the Geological 
Survey of India should be complete Indianization 
and recognition of the work of Indian geologists. 

A. K. G. 
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A SHORT HISTORY OF THE GEOLOGICAL SURVEY OF INDIA"" 

A. K . GHOSH, 

CAtCUnA UinVBRSIIY 


»pHE history of the Geological Survey of India is 

linked up with the modern coal mining industry. 
During the Governor-Generalship of Warren Hastings, 
Messrs. Sumner and Heatley (1774) obtained the first 
permission to carry out coal mining at a place near 
Sitarampur. At that time coal used to be sent by 
boats from Raniganj to Amta and thence to Calcutta. 
From i?^45, co.al began to bo transported by rail from 
Ranigaiij. The Jharia coal field was leased in nS.sS. 

The demand for coal grew up as railways and 
steamships began to be introduced in India, and anti- 
cipating this demand, a Coal Committee was formed 
by Lord Auckland in 1836, which recotniiiended in 
1843 for ‘a Geological Survey of the Coal Formation 
of India*, to the Court of Directors in London, with 
the approval of the Bengal Government. 

Mr D. H. Williams of the Cicological Survey of 
Great Britain was sent out to India immediately as 
Geological vSurveyor to the Hon*ble Fast India 
Company. 

Mr Williams with the help of two assistants 
examined the Rani.ganj coal-field, and extended his 
survey to the Ramgarh field in 18^7, Karanpura coal- 
field in 1848 and thus laid the foundation for a 
(Geological vSnrvey of India. 

Tic was succeeded by Dr Thomas Oldham, 
Director, Geological Survey of Ireland, in 1851, who 
was designated vSuperintendent, Geological Survey of 
India. Oldham recruited IT. B. Medlicott in 1854, 
and Blanford brothers in 11855. The office of the 
.survey upto this time Avas housed in the rooms of 
the Asiatic Society of Bengal (t, Park Street, 
Calcutta). In 1856, No. i, Hastings Street, Calcutta, 
was rented to locate the office of the vSurvey and a 
Museum of Economic Geology. Oldham, with true 
Gaelic clannishness, converted the Survey into a 
colony of Irish men, with a total strength of 12 
officers. But in spite of such tendencies, Oldham 
Avas sympathetic to the Indian aspirations. He had 
introduced the system of training Indian assistants 
and expressed the opinion that with fair opportunities 
many Indians would be found quite competent to take 
their place side by side with European assistants, not 
only in- the Geological Survey l.)iit also in many other 
fields. 

Between 1857 to 1876, several eminent geologists 
joined the Department, e.g,, W. King, R. B. Foote, 

• Compiled chiefly from C. S. Fox's Presidential Address 
to the Annual Meeting of the Mining and Geological 
]hi8titute of India on 3rd January, 1936. 


F. R. Mallet, A. B. Wynne, F. Stolickza, V. Ball, 
A. Waagen, R. Lydekker and O. Feistmantcl, the 
paleontologist. 

Dr Oldham retired in 1876, after 25 years service, 
when the Department had 15 geologists. He had 
created the posts of mining specialist, paleontologist, 
artist, assistant curator, librarian, etc., and obtained 
permission to allow officer^ lo accompany military 
expeditions as naturalists. It Avas largely due to his 
energy and ability that the Indian Museum in 
ChoAvringhee was erected and thrown open to the 
public in January 1877. Tlie amount of information 
collected during his tenure was later compiled and 
produced as the official ‘Manual of the Geology of 
India*, in four volumes, written by Medlicott, Blan- 
ford, Ball and Mallet. 

Mr H. B. Medlicott, F.R.vS., succeeded Oldham 
.as Superintendent in 1876. New recruits iiiclucled 
L. (rriesbach, R. D. Oldham (Dr Oldham's son), P. 
N. Bose (1880), La Touche, C. S Middlemiss, F. 
Noetling, the paleontologist. In 1885, the designation 
of Superintendent Avas changed lo that of Director, 
Geological Survey of India, and grades for vSuperinten- 
dents. Deputy Superintendents and Assistant Super- 
intendents, adopted in place of first, second, and 
third grade assistants. Medlicott retired in 1887 after 
33 years of service. 

Medllcoll AA^as succeeded by Dr William King in 
1887 and the latter retired in 1804 (at the age of 60) 
after completing 37 years of service in the Geological 
Survey. He discovered the Singareni Coal-field which 
has brought considerable revenue to the Nizam of 
Hyderabad. In 1S93, R. I>. Oldham published the 
second edition of the ‘Manual of ilcoloqy of India* 
Avhat remained a .standard Avork on Indian Geology, 
for a long lime. During King*s time, P. N. Datta 
(1888) and T. IT. Holland (t8qo) joined the Depart- 
ment. 

Mr C. L. Gricsbach succeeded Dr King in 1894, 
AA’hen there Avere 12 geological officers in the Depart- 
ment. New recruits during his tenure included H. H. 
Hayden, E. W. Vredenburc, T,. L. I'onnor and G. H. 
Pilgrim. 

To sum up, the Geological Survey Avas establish- 
ed in 1845, Avas put on a sound footing in 1856, re- 
organized in 1S85 and had nijide initiA^l surveys of the 
important minerals before 1902. In the latter year 
the Department possessed 6 specialized mineral 
experts, e.g., Maclaren for oil, Freyer for gold, 
Simpson for coal, etc., and was prepared for a big 
utilization drive. The Government of India, at that 
time, however, did not agree to this utilization work 
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and stripped the Department of its personnel by turn- 
ing the experts into simple mining inspectors. The 
Department of Mines being established in the same 
year. 

At this time, the only place where Geology was 
seriously taught was in Calcutta, due to the efforts 
of Sir Thomas Holland. 

Sir Thomas Holland (then T. H. Holland) suc- 
ceetled f »riesbach as Director in 1903 at the early age 
of 35. He superseded P. N. Bose who joined eight 
years earlier and P. X. Datta who had joined two 
years earlier. The number of officers at that time 
was 14, including 2 Indian sub-assistants. New 
recruits included Ci. H. Tipper, H. Walker, E. H. 
Pascoe, O. de P. Cotter, J. Coggin Brown, A. M. 
Heron, W. A. K. Christie (chcmi.st), and N. D. 
Darn. The number of officers in igio was 20 in- 
cluding I Director, 3 Superintendents and 15 Assis- 
tant Superintendents and i Chemist on the gazetted 
list. Thomas Holland retired early in rgro and was 
succeeded by H. H. Hayden. 

Mr P. N. Bose felt the injustice of supersession 
so strongly that he retired form the Geological Survey 
the .same year (1903). Tn a way this led to great and 
unexpected happenings. He was engaged by the 
enlightened Maharajah of Mayurbhanj as State- 
geologist, and in course of his geological expeditions, 
surveyed more critically the Garuinahisani iron 
deposits (Hematite Ores) in the jungles of Mayur- 
bhanj, which uere previously discovered by him. He 
now found the deposits to be the richest in the world. 
At that time Mr J. X, Tata was negotiating for the 
establishment of iron and steel industry in the C. P. ; 
it is said that Mr. P. N. Bose met Tata accidentally 
in a railway train, while travelling together, and 
could convince the latter that the present Jamshedpur 
site was far better for such an industry. The rest of 
the story is well known. Thus in a way, Mr Bose’s 
supersession proved a boon to the country for had 
he continued for a few years in the Geological Survey 
of India, his knowledge could not have been made 
available to the Tatas. 

Both the Indian officers who were superseded in 
their claims on directorship were men with the 
highest academic record, and had achieved great 
reputation in their lines by their solid work in C.P., 
Burma and elsewhere. They naturally resented the 
injustice done to them, and gave vent to their feel- 
ings before the Islington Commission on public 
services in 1914. 

To P. N. Datta, India owes a deep debt of grati- 
tude for the discovery of many important manganese 
ore deposits in the Bhandara and Chhindwara dis- 
tricts in the Central Provinces, as early as 1893-94. 
But his discoveries were never made public by the 
departmental authorities till Sir Lewis Fennor (then 


Dr Fermor) with a true scientific spirit acknowledged 
the valuable discoveries of Datta in the field of 
scientific exploration. Dr Fermor writes “The fact 
of the existence of manganese ores in this district 
(Chhindwara) seems to have been first noticed by 
Mr P. N. Datta of the Geological Survey of India, 
who, while mapping the valley of Kanhan river in 
the cold season of 1893-94 discovered the deposit of 
Kachi-Dhana, the most valuable in the district and 
noticed fragments of one on the ground ?^th mile 
vSouth-west of Khairi on the Kelod-Sausar Road . . . 
Nothing more was heard of these deposits till the late 
Mr A. M. Gow Smith, when prospecting in the year 
1Q02, rediscovered both the above.” 

But for this statement of Fermor the discoveries 
of Mr Datta would have possibly remained in the 
oblivion. In his evidence before the Islington 
Commission Mr Datta has (juoted Holland about the 
ability of P. N. Bose “Mr Bose retired on Tst Decem- 
ber, 1903, after service of over 23 years and had the 
satisfaction of knowing that in his last year’s work, 
he has put the country in possession of a piece of 
property which, without counting his other services, 
is sufficient to balance the total expense to Govern- 
ment”. In the words of Mr Datta it can be said 
that such a testimony from such a mineral expert as 
Sir Thomas Holland, is a certificate indeed, in favour 
of Mr Bose, a certificate clearly testifying to jMr 
Bose’s success and not a failure in the survey. 

The Royal Commission on the public services in 
India appointed in 1912 with Lord Islington as its 
Chairman, in their report issued in 1915, stated: 
The object of the Geological vSurvey of India, con- 
ducted by a small body of 21 officers, is to make a 
complete geological map, preferable on a scale of one 
inch to the mile (italics ours) of the whole of India, 
with a view to the ultimate development of mineral 
resources. In th: course of that work they examine 
and investigate mineral deposits and do their 
best to bring them to the notice of the general public. 
In this way they are brought into touch with com- 
mercial interests, but not more than one-third of their 
number are allowed to be employed on investigations 
of this nature. The rest are kept strictly to the 
systematic survey of the country. 

In 1919, the Cadre of the Department was in- 
creased to one Director, six vSuperintendents, twenty 
Assistant Superintendents and five Sub-Assistants. 
New recruits during Hayden’s time included H. S. 
Bion, C. S. Fox, H. Cr(x)kshank, E. L. G.. Clegg, 
D. N. Wadia, O. V. Hobson and J. A. Dunn. 

Sir Henry Hayden was succeeded by Sir Edwin 
Pascoe in 1921. During Sir Edwin’s tenure the 
Raniganj and Jharia coal-fields were re-surveyed geo- 
logically on the scale of 4 inches to a mile. Generally 
survey had so far been conducted on the scale of one 



January, 1946 natioxai, acadkmy of pkiping and its wartime activities 


333 


inch to four miles. New recruits included A. L. 
Coulson. E. R. Gee, \V. D. West. S. Krishmm, 
S. K. Chatterjee, J. B. Auden, V. P. Sondhi, H. L. 
Chhibber, P. K. Ghosh, and M. U. vSahni. 

Sir l^dwin Pascoe was succeeded by Sir Lewis 
Fermor as Director in i()32. At this time the budget 
grant to the Geological Survey amounted to Rs. 6 
lakhs a year and the same ainouiil is being voted on 
Geological Survey even today. Sir Lewis retired in 
1035 succeeded by Dr A. M. Heron. vSir 

Cyril Fox succeeded Dr Heron in 1030. 

During Sir Cyril’s tenure, the World War II 
commenced and this led to the establishnienl of the 
utilization branch of the Geological Survey of India 


(sponsored by vSir Cyril) at a huge cost to assist in 
the \sar efforts. A number of geologists were added 
to help in the exploration of several unexplored areas 
in search new minerals and co-operation of the 
rniversities was sought for mineral investigation. 
This became imperative after the fall of Burma. 
vSir Cyril retired in 101.3 and was succeeded by 
Dr V.. L. G. Clegg. The latter died in 19/I/I, when 
Dr H. Crooksliank succeeded him. For some myste- 
rious reason and since the iinproveincnt of the war 
situation, the utilization branch is retrenched in- 
volving a huge loss of money to the Government. 
This department lo some extent showed the way to 
the industrialists, the scope and importance of 
research in minerals, etc. 


NATIONAL ACADEMY OF PEIPING AND ITS 
WARTIME ACTIVITIES 

JOSKPIT NICRDFIAM 


j-JlvlPING, the historical, picturesiino metropolis of 
North China, famed for its colossal ancient 
palaces, its numerous excellent universities and 
colleges of sound learning, its peaceful, dignified 
academic atmosphere, was at the. lime when Japan 
started the war in July 1037 greatest cultural 
center of China, where hundreds of educators, 
scholars and scientists gathered to devote their entire 
effort to intellectual pursuits. In ro 20 , it was decided 
by the Executive Yuan of the National Government 
to organize in Peiping a government research insti- 
tution, the National Academy of Peiinng, parallel 
in structure to the Academia Sinica, for absorbing a 
portion of the i)ersonnel, in order that they could 
work more efficiently. 

This institution was founded on the ()th Septem- 
ber, I02C), with Dr Li Yu-Ying as President, and D** 
Li Shu-Hua as vicc-Presidenl, both among China’s 
foremost scientists and educators. At its foundation, 
the Academv consisted of nine separate research m- 
slitnles, namely the Institutes of Physics, Radium, 
Chemistry, Materia Medica, Physiology, Zoology, 
Botany, Geology, Historical Studies and Archaeo- 
logy, and a staff of more than 200 members includ- 
ing research professors, assistant research ]>i'ofessors, 
senior and junior assistants and technicians, in addi- 
tion to about 30 Chinese and foreign corresponding 
members. Contributions in all brandies of rc.seardi 
have been iniblished in various languages, scatter' d 
through almost all the principal scientific journals of 
the world. 

In subseiptent years, scientific work in the 
various institutes was .going on exceedingly well. 


mlv one or two years before llie outbreak of 
the i>resent war, when the complex and tense politi- 
cal situation created in China’s northern pmvinces by 
the Japanese militarists rendered further activities of 
the Academy extremely precarious. 

To avoid too much risk, it was therefore decided 
to move the whole of the Institute of Botany west- 
ward to vShensi Province and the greater portion of 
the Institute of Ilislorical Studies and Archaeology to 
the .same destination ; the Instilntes of Radium and 
^^ateria Medica lo vSlianghai and the Institute of 
Geology, accompanied by the Geological Survey of 
China, lo Nanking. 

When the war started in IQ37. Peiping was im- 
mediately taken over by the invaders. The Academy 
was forced to withdraw luid reliiKinish all its studies 
exce])t for those institutes that were no longer in 
Peiping. In fact, at that time, all research activities 
were virtually stopped or at any rate, indefinitely 
postponed. However, in the midst of confusion and 
distress, the Academy succeeded in transferring a 
]>art of the books and e(|nipmont lo the south and to 
places of safety. And what was even more fortunate, 
within a few months after the war had reached a state 
of stabilization, the Academy was able to settle down 
in the hinterland city of Kunming, where it has con- 
liiuied np to the present moment, and rc.suiiie a large 
portion of its work. 

One can imagine the danger and trouble it ex- 
perienced in getting through areas of intensive mili- 
tary <)perations and lines of blockade, on the way 
from Peiping to Kunming, a distance of inore than 
2,000 miles by land and sea. Tremendous difficulty 
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was encountered in arranging for the transportation 
of material equipment. 

In spite of the hardships arising from the lack 
of the necessary research facilities, and the frequent 
interferences by air raids, the work c*f llic Academy 
has been pushed on vigorously to an extent beyond 
the most sanguine expectation. The interest and be- 
lief in science of all its staff members did not suffer. 

Now, as the war has come to a happy end, and 
before the implcinenlation of the post-war programme, 
one may pause a moment to think back over the pre- 
war activities of the Academy and then describe the 
work performed during the eight years of war in its 
different institutes. This may give some idea of what 
the scientific workers of China did in time of peace 
and while the nation was being overrun by a catas- 
trophic war. 

Before doing so, a few words on the present 
situation of the Academy as a whole, may be said. 

The National Academy of Peiping has now eight 
institutes, with a staff of lao members (Institute of 
Geology not included). The Institute of Physiology 
had to close temporarily in August 1944, because of 
deficiencies in personnel and equipment. The Insti- 
tute of Geology has since its establishment operated 
under the joint spon.sorship of the Academy and the 
Geological Survey of China under the Ministry of 
Economic Affairs. For the last eight years, the 
Academy has not been able to finance that institute, 
and besides it had great difficulty in getting in close 
touch with the Geological Survey of China after the 
latter’s withdrawal to Chungking during the evacua- 
tion of Nanking in December 1Q37. The two insti- 
tutes in Shanghai, namely the Institutes of Radium 
and Materia IMcdica, moved to Kunming shortly after 
the start of the war. The Institute of Historical 
vStudies and Archaeology came to Kunming in the 
very early days of the war. A small portion of the 
Institute of Botany is now in Kunming while the 
other portion remains in Shensi. Hence with almost 
all the seven institutes and a general office located 
in Kunming, a closer cooperation and more centra- 
lized administration have been made possible. 

In Kunming, laboratory and office work have 
been carried out under the roofs of temporary, crude- 
ly-built quarters at Hci-I.ung-Tan, a scenic spot to 
the north of Kunming near a famous Taoist temple. 
Here arc located the Institutes of Physics, Radium, 
Chemistry, Materia !Medica and Historical Studies 
and Archaeology. The Institutes of Zoology and 
Botany maintain their work at another place to the 
west .of Kunming. 

The policy of the Academy in general in war 
time has been to divert the greater portion of its 
activities to ])ractical ends in order to meet the 
immediate needs of the nation. Publications which 


in former years ran to nearly 50 series of bulletins, 
journals, memoirs, books and maps plus 800 papers 
and reports are still in progress, but on a very much 
reduced scale, owing to the lack of efficient means of 
printing in West China. 

Institute ok Physics 

Previous to the war, the Institute of Physics, 
directed by Dr Ny Tsi-Ze and occupying more than 
half of the Physical Science Building in Peiping, was 
making studies chiefly on photography, spectroscopy, 
piezo-el cctricity and geophysics. Its laboratories 
were ecpiipped with many types of spectrographs, 
electrical apparatus, gravity and magnetic field 
measuring instruments, machine shop, optical work- 
shop and modern conveniences of water, electricity 
and gas. In those days, research work went on in 
a steadfast and vigorous manner. 

Spectroscopic investigation, being the chief 
speciality, was in the charge of Dr Ny himself and 
a team of assistants. Problems involving the change 
of many varieties of spectra under different experi- 
mental conditions were subjected to exhaustive study. 
Effect of pressure on photographic sensitivity, piezo- 
electricity of quartz under rotational stress, designing 
and grinding of optical parts, etc. occupied also a good 
portion of the work of the Institute. 

Geophysical work was confined to the measure- 
ment of gravity and terrestrial magnetic field made 
by Mr Lou Jo-Yu and Mr Chang Hung-Chi succes- 
sively throughout the accessible parts of China, with 
the co-operation of Fathers P. Lcjay and P. Burgaud, 
both belonging to the Zi-Ka-Wei Observatory near 
Shanghai. A party led by Mr Tchou Kouang-Chai 
was dispatched to different areas to make accurate 
determinations of longitudes and latitudes. 

To comply with the general policy of the 
Academy, after its removal to Kunming in the early 
days of llic war, the institute inclined more and more 
to attack practical T)roblems connected with industry 
and national defence, along with pure physical re- 
searches. In view of such demands, the institute 
concentrated on two main branches of practical work, 
n.amely, the manufacture of optical inslruments, and 
geophysical prospecting. 

For the former, Dr Ny and Mr Tsien Ling-Chao 
have been in charge of the work of designing and 
testing while Mr Lin Yu-Pao supervised the optical 
workshop which is actually much bigger in scale than 
the one in Peiping. For this purpose, optical machi- 
nery had to be built, testing instruments designed 
and craftsmen trained. After three years of pain- 
staking preparatory work, it can now produce in good 
quality most of the optical parts such as achromats, 
prisms and flats, which have been abundantly sup 
plied to various institutions for educational and re- 
search purposes. Microscopes for general use of 
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university students liave been made in response to a 
reconniiendation by the ^liiiislry of Education and 
more than 500 of them have been completed and dis- 
tributed among soliools and hosi)itals. The micros- 
copes thus manufactured consists of five objectives, 
namely x x 20, x.^8, and oil-immersion 

X TOO, and are suflicieiitly good for all purposes, 
biol«>gical, medical or metallurgical, in optical (piality. 
To many engineering projects, the institute has 
from lime to time supplied at least 150 sets of optical 
l)arts of surveyor’s levels and transits, with internal 
focussing arrangement and at magnilicaiion 22 and 
//lo. Upon the rei|uest of the National Resources 
Commission, a projector for reading microfilms was 
designed and 2 ) sets were made. 

In the course of the war, numerous radio stations, 
both fixed and movable, were establislied through- 
out Free China, but almost all of them of (piite 
small power. The wave interference between these 
stations would be tnmble.sonie if they were not 
crystal-controlled. The institute has cut and ground 
piezo-electric (luartz plates to stabilize more than 
TOGO transmitters. Tlie optical sho[) also rendered 
service to the Amercan Air Force in Kiuiniing, re- 
pairing optical parts upon their rccpicst. Moreover, 
a laboratory of spectrum analysis was set up lo meet 
the need of llie young metallurgical industry in this 
country. >Some routine work was carried out and 
certain iiew' lechnicjnes developed. 

Not until lately has it been i)ossible for the 
institute to begin to resume some of its former pure 
scientific work. ^Ir Tsicn Ijiig-Chao has investigated 
the interferential fringes formed by the Ililger Prism 
Interferometer. A new method has been found for 
the determination of i/A^ — i/Ao of two neighbouring 
radiations. He has also constructed a supersonic 
wave generator for the purpose of studying the dc- 
I.)olarization effect of such weaves on light in liquids 
in which they propagate. A mechanical recording 
seismograph has been designed and is now under 
construction by Mr Kn Kong-('.yiii to record earth- 
quakes in Kunming. This instrument will be the 
first of its kind ever set up in Yunnan Province. 

Ill geophysical work, Mr Chang Huiig-Chi, a 
member of the institute, continued gravity deter- 
minations throughout the Province of Yunnan to 
the borders of Burma and Indo-China, and another 
member, Mr Liu Shao-Yang, rc-determined the 
longitude and latitude of Kunming. Most of the 
attention of the institute’s geophysicists, however, 
has been directed to the mineral resources of China. 

A field party for geophysical prospecting led by 
Mr Ku Kong-Gyiii has operated for many mining 
origanizatioiis of Southwest China, studying mainly 
metallic ore deposits by magnetic and electrical 
methods. Up to the present some eleven mining 


districts have been thoroughly investigated. The 
N. R. C. (National Resources Commission) I-Men 
Iron mine was the first to be surveyed by Mr Ku and 
his party ; it took six months of field and office 
work. Then came the Anning Iron deposit, the 
Kochiu till mine, Lii-Dieii lead-silver and pyrite 
deposits, the Chaolung lignite field, the Kuang-Shan- 
Tsan lead-zinc mine, the 1-Loh pyrite deposit, the 
Tong-Tan and I.oh-Shiieh copper mines, all located 
in the Province of Yunnan. The latc.st work has been 
done at two localities in western Kweichow, namely 
the vShueh-Tseiig and llai-Tsang iron deposits. All 
of lhc.se were succes.sivel\' visited l)y the party upon 
llie request of the N. R. C. 

The results of such geoi)hysical investigations 
have not only greatly allereil the concepts of geolo- 
gists and mining engineers in regard to the extent 
and economic values of llie various deposits, but also 
numerous facts and experiences arising from them 
have opened the door to imiiroveinents in the methods 
of geophysical prospecting itself. The number of 
rei>orls so far written (in Chinese), under the title 
“Geoph\"sical Reports: Institute of Physics, National 
Academy of Peiping”, has aceumiilatecl to twelve. 
In carrying out this type of work, close relation has 
always been maintained with the National Resources 
Commission and the Geological Survey of China. 
With the co-operation of the latter, a coimnittce on 
geopli3'sical work has been organized to ijublish all 
contributions from Chinese geophysical investigators. 

Dr Ny, the institute’s director, received recently 
an invitation from the U. S. State Department to 
tour the various centers of learning in the United 
States as a visiting i»njfessor. During his absence, 
probably for one year, Dr Li vShii-Hua, vice-President 
of the Academy, will act as director of the institute. 

INSTITUTIC OF R.\D1UM 

This institute, also directed by Dr Ny Tsi-Ze, 
co-operated, since its founding in 1929, with the 
Franco-Chiiiese University of Peiping. Its w’Ork in- 
volved three successive stages according to the cn- 
viroiimeiils under which the iiisliliile existed. 

Ill the first stage the iiLStitutc was still in Peiping. 
During that period, it consisted of three laboratories, 
that of chemistry, radio-activity and X-rays, all 
situated in the Pliysical Science Building. In the 
first two laboratories, a great number of minerals 
found in China were examined chemically and radio- 
actively. Protactinium was much studied and its 
Iminching ratio re-determined with counters by the 
late Dr Tcheng Da-Tchang. In the X-ray labora- 
tory, the work was mainly on crystal analysis and 
the effect of pressure on X-rays sensitivity of photo- 
graphic i)lales by Dr Lu Shueh-Shan and his assis- 
tants. 
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The second stage covered the interval when 
the institute had been moved to Shanghai and work 
was carried out under war conditions. With Dr 
Tcheng- and Dr Ln still on the staff, Dr Choong 
Shin-Piaw joined this institute upon his return from 
France in Autumn 1Q38. 

Items of research were numerous. To mention 
a few of the outstanding ones, the first may be the 
investigations by Dr 'i'cheiig and his assistants of 
the absori)tion coefficients of /I-rays, especially from 
UXo and RaE. which revealed the important fact 
that they neither have a fixed value nor a .single 
value, but depend on the thickness of the absorber 
and the surrounding conditions of the l^-n\y source 
under experimentatiou ; analysis of the /i- and y-rays 
from Itx ; the preparation of Ux^ and by electro- 
lysis and the coloration effect of /i- and y-rays on 
certain new kinds of glass. X-ray work by Dr Lu 
and others was still confined to crystal analysis, par- 
ticularly on alloys, some iinprovenients on classical 
methods and technitiues being made. With an in- 
duction furnace alloys of tungsten and antimony 
were prepared and studied by X-ray methods. 

Right after his joining the institute, Dr Choong 
began some experiments on the absorption spectra of 
aiiueous solutions of salicylic acid and its alkaline 
salts, and ultra-violet absorption spectra of vat»ori/.ed 
salicylic acid and lithium salicylate. He also <lid 
some work on the preiiaralion of .siiecial kinds of 
optical glass, for exaniide, ‘*Hviol**. 

At about the close of this stage, the institute 
unhaiJpily had to rejiort the untimely death of 
Dr Tcheng at a still youthful age. His contribu- 
tions to science, academic standing, vigour in re- 
search, together with his inspiring iier.sonality, made 
him a man whom the institute could not afford to 
lose. 

The third stage came when Shanghai cea.scd to 
be suitable for .scientific work on account of the 
Japanese occupation, and Dr Choong had to come to 
the interior. Dr Choong set up his laboratory in 
Kunming with only very limited e(iuipment, while 
Dr Ln remained in Shanghai with almost all the labo- 
ratories and equiimieiit confided to his care. For 
more than three years, the main body of the Academy 
lost all connection with Dr Iai and his working team, 
owing to the complete isolation of the Shanghai area 
from Free China. 

In Kutiiiiiiig, under very unfavourable condi- 
tions, Dr Choong accompanied by two iiew’ assistants 
started to do some work suitable for the new eiivirmi- 
ment. Several investigations were carried out and 
some of the results published. These were: (i) In- 
fluence of pneumatic pressure on photographic sen- 
sitivity (/. Opt. Soc. America, 1944) ; (2) Orientation 
of etching figures of quartz {Nature, 1944) ; (3) Effect 


of ultraviolet radialiims on the etching of (|iiartz 
(Saluic, ic).|4) ; (4) New etching pattern of quartz 
and its use for the deterniinatioii of electric axes and 
detection of crystal defects of (jiiartz (/. ()/>/. Soc. 
America, 11)15) ; (5) Coh)ration and luminescence pro- 
duced by radium rays in the different varieties of 
(piartz {Proc. Phys. Soc. J.otuion, 1045) ; (6) New' 
crystal defects of iiuart/. revealed on sputtered films 
of silver and gold (paper in prejiaration). 

Fnmi the study of pbotograpliic sensitivity, it 
was shown that the effect of pneumatic pressure on 
the sensitivity a pliotogniphic emulsion is in many 
respects different from that of nieehanieal pressure. 
In the (|uartz etching experiments, several interest- 
ing phenomena were oh.served ; first, the pyramidal 
etching figures pn)duced by hydrofluoric acid oil a 
section normal to the optical axis of (piartz are 
directed to the niuchanical axes instead of the elec- 
tric ones as generall\- believed ; secondly, these 
pyramidal figures are notably deformed, if the surface 
under etching is meanwhile siibjei'Ud to the action 
of ultraviolet ladiations. When the etching takes 
place under an electric field, an entirely new pattern 
appears with which one can fix accurately the elec- 
tric axes of the crystal as well as theii polarities. 
Regarding the effect of radium rays on (piartz, it 
was fimiid that crystalline (piartz oi all varieties turns 
black while vitreous (piartz becomes violet when 
exposed to those rays, and that on healing coloration 
ami theniiophosphorescemv do not disappear simul- 
taneously — a fact rather hard to explain on the basis 
of the theory of internal photoelectric effect. As to 
the experiments on the sputtered films of silver and 
gold on quartz plates out normally to the o]>tical axis, 
it has been disclosed that, in most cases, a system of 
concentric i)olygonal figures with sides strictly 
]»arallel to the electric axes was formed on baking the 
film after siniltering. There is reason to believe that 
the polygonal figures represent the seats of a new 
kind of crystal defect of (piartz arising from the .so- 
called primary crystal flaws. 

lle.sides such pure research, Dr Choong has deve- 
l(jpe(l lechiii(pies of making mercury (piartz lamps of 
the Honeau and Gallois ly])es to meet the demands 
of .some hospitals using ultraviolet radiations for 
medical purposes. 

During Dr Xy*s leave as visiting professor in the 
United States, Dr Li vSliu-Hua, vice-Presideiit of the 
Academy, also takes his place as the institute’s 
director. 


In.STITUTK of CllKM-I.STKY 

III its f(jriiier years, the Institute of Chemistry 
was hou.sed with the Physics and Radium Institutes 
ill the Pliysical Science Ihiilding in Peiping and 
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Dr Liou Oui-Tao was the director. Dr Liou himself 
look up physical chemistry. Ilis interest was mainly 
the study of cobaltic salts. Messrs Li Lin-Yu and 
^’ang KiiaiiK-JPi and their assistants were occupied 
vvilh inorganic work, relating to the methods of 
determination of aluminium, and the electrolytic pre- 
paration of magnesium per-siilpliate. Dr Tcheau 
I'a-Ki made sonic Investigations on organic magne- 
sium compounds of acetylene and employed the 
Fricdel-Crafts reaction in synthesizing aromatic 
hydrocarbons. 

In the field of ai>i)lied chemistry, Dr Chang Ilan- 
Liang, with the co-operation of Dr Liou and Dr 
Tcheau, studied a number of problems on active car- 
bons, asphalt, gasoline, Tung oil, molasses, gelatine, 
dye-stuffs, etc. In 1936, the institute, with the finan- 
cial aid of the Sino-Ilntish indemnity Fund, started 
a c'heinical [)ilot plant, in which was installed a 
machine for ice-making, a ]nilverizer, a nitrator, a 
sulphonator, a centrifuge and a vacuum distillation 
outfit. The .^taff were thus able (i) to extend, when 
necessary, any chemical experiments performed in 
the laboratories to a semi-industrial scale, and (2) to 
prepare chemical reagents for scientific use. 

The institute itself published all detailed results, 
while abstracts can mostly be found in the Comptes 
Rendua of the French Academy of Science and in 
the Bulletin of the French Chemical Society. 

All this was going on before the outbreak of war 
in July 1937. In Kunming conditions were so dif- 
ferent that this institute, like all the others, had to 
devote much of its effort and time to problems hav- 
ing practical value in addition to pure chemical 
research. Much time had to be spent in getting the 
new laboratories and equipment in order. As time 
went on, this institute found itself more crippled than 
any other, because many reagents could only be 
obtained from abroad and these were consumed at a 
rate far beyond the power of replacement under 
blockade conditions, lly careful management, how- 
ever, the institute .succeeded in carrying on its work 
somehow during these eight years. 

Before giving a brief account of the wartime 
work, some changes in personnel may be referred to. 
Mr Li Lin-Yu and Mr Yang Kuang-Fi were not able 
to come to West China and remained in Peiping. 
Dr Chang Ilan-Liang left the institute after being 
in Kunming for two years. Dr Tcheau Fa-Ki be- 
came the Dean of the Science College of the Franco- 
Chinese Imiversily in the early days of the war. In 
the course of eight years, there have been new mem- 
bers, notably Dr Wang Shuih and later Dr (Miss) 
Chu Ju-Hua, besides several new senior and junior 
a.ssistants. IMr Chang Miug-Tse and Wang Tse-Fu, 
two research members, remained on the staff only 
about one year each, and then left to take up appoint- 


ments as general managers of tw^o new chemical 
factories. Dr Tcheau Fa-Ki very recently returned 
to the institute to resume his former w^ork and now, 
in the absence of Dr Liou who is on furlough, he 
acts as director. 

In the field of practical chemistry, the investi- 
gations that have gone on within the war period come 
under four heads ; all of them have been problems 
calling for immediate solution. They are (i) extrac- 
tion of dye-stuffs from local plants and their applica- 
tion to various textiles ; (2) preparation and small 
scale manufacture of medicines, utilizing local raw 
materials ; (3) recovery of used engine oils, replace- 
ment of Diesel oil by vegetable oil and preparation 
of a gasoline substitute from molasses and sawdust ; 
(4) mi.scellancous experiments such as the analysis of 
water samples taken from various localities around 
Kunming, the extraction of potash from different 
kinds of ashes, etc. Dr Chang Han-Liang was the 
finst in charge of such work. He was followed by 
Dr Wang Shuiah, Mr Chang Ming-Tse and Mr Wang 
Tse-Fu. In view of the drastic shortage of gasoline 
iti blockaded China, a mobile alcohol plant was 
brought into operation. Despite its simple design, 
it was steadily producing 200 gallons of 95% alcohol 
per day for more than one year. In co-operation 
with a soap factory, complete installation of a vacuum 
distillation plant was set up to produce glycerine 
from soap-making waste. With the ice-generator, 
ice has been manufactured and supplied to the Allied 
force in Kunming for refrigeration purposes. 

Ill the field of pure chemical research, attention 
has been mainly centered on problems of organic 
find physical chemistry. Topics taken up in the 
organic laboratory have been (i) synthesis of organic 
compounds relating to vitamin K ; (2) pinacol re- 
arrangements of phenanthrene ; (3) preparation of the 
angular methyl group ; (4) synthesis of rotenone 
derivatives. These studies were made by Dr Chu 
Ju-Ilua and Dr W’ang Shuih and their assistants ; 
most of the results have been published both in the 
ChinevSe and Western iieriodicals. Miss Chu left for 
the United States in Autumn 1943 to continue her 
re.scarches at Ihiiversity of Texas, Austin, Texas, 
which had offered her a research professorship. 

Recently Dr W'ang Shuih has attempted to eluci- 
date the structure of some of the organic products 
previously isolated from Chinese drugs. “Deutaton** 
(CijvII,o04), a substance isolated from To-Ta-Huang 
(Rumex, dcutatus L.)» was found to be a phenan- 
threne derivative and /-methyl, 6, 8 dihydroxy 
phenanthroiiuinon 9, 10 has been proposed for it. 
“Belmacandin*' (C 23 H 220 ii), a glucoside isolated from 
another Chinese drug, Shi-Kan {Belmacanda Sinensis, 
Lam.), was found to give on hydrolysis an aglucone 
“Belmacangenin** (CioHiaO*), which in turn gave 
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/>-liydroxy-phcnyl acetic acid on being treated with 
10% alcoholic potash, while the phenolic dehydrating 
product is still under invesligalion. 

Dr Tcheau, since his return to the institute, 
continues his former work on organic magnesium 
compounds. Problems taken up are now the carbona- 
tization of magnesium compounds of acetoacetic 
esters, and the molecular transposition of phenyl- 
quinoline-magncsium bromide. 

In the laboratory of pliysical chemistry, Dr Diou 
has been continuing his studies on cobaltaiiiinc com- 
plex salts. Examination of the system cobaltiaquo- 
pentamine-water-oxalic acid by Schreiiieiiiakcr’s me- 
thod at difTcrent temperatures has given results some- 
what difTcrent from those so far found in the literature. 
Definite conclusions are expected soon. Studies on 
the kinetics of the oxidation of potassium iodide by 
potassium persulphate and on the absorption of 
solutes by animal black from their solutions have also 
been going on. 


Institute oi' Matkri.v ]\Irdica 

Research on Chinese drugs is a new branch of 
pharmaceutical chemistry. Dr T. Q. Chou, one of 
China’s foremost chemists, made many outstanding 
contributions along this line of work during the 
earlv part of his career while he was still with the 
P. V. U. C. (Peiping Union Medical College). He 
is generally recognized as the person responsible for 
the opening up of this branch of scientific investiga- 
tion. The Institute of Materia Medica, with Dr Chou 
as the director, was carrying out particularly this sort 
of work. 

vStarted in Peiping and later, moved to Shanghai, 
a great portion of the results of this laboratory has 
been published in a number of Chinese and American 
journals. vStiidies so far made on Chinese drugs 
include Chinese Ephedra, Mahuang ; Chinese Cory- 
dalis, Pci-Mu ; Hsi-Hsin ; Mu-h'ang-Chi ; Shih-Chan- 
Chu ; Yaiig-Chiii-Hua ; Kou-Wen ; T-Cli’a-Yeh, etc. 
The active principles have been isolated and their 
constituent properties as well as their pharmacological 
actions examined. 'I'hc institute also prepared 
materials like ephedrine, vitamin B, etc. on com- 
mercial scale for clinical use. 

Besides Dr Chou and his co-workers s\ich as 
Dr Chu Tsc-Tsing, Dr Chuang Chang-Kung, former- 
ly director of the Institute of Chemistry of the 
Academia Sinica, joined the group in Shanghai. Ilis 
pre-war activity and contributions in organic re- 
search on hormones have been widely known among 
chemists of all nationalities. Results so far attained 
by him have made important advances in the know- 
ledge of hormones. Upon his arrival at Kunming 


in January 1944, Dr Chuang tried to start some work 
with the help of the Institute of Chemistry. 

A new research programme in the field of thia/ole 
and pyrimidine has been started very lately by 
Dr ciii Vao-l‘'‘cng, formerly research fellow of the 
Institute of Chemistry, Academia Sinica, and pro- 
fessor of pharmaceutical chemistry of the National 
Shanghai .Medical College, in charge of the work. 
Dr Chi came to join this inslitutc in the latter part 
of 1914. This new research programme is being 
directed towards the synthesis of compounds of the 
atebrin and plasmoquin types with a thiazolc ring 
altaclied to the aininn-alkyl side chain, in attempts 
to find new' aiitiinal.arials. Tt is hoped that the work 
could later be extended to tlie synthesis of vitamin Bi 
analogues which contain both thiazolc and i:)yriini- 
dine rings. 

Dr Chuang, now the acting director of the insti- 
tute in the absence of Dr Cboii, lias been concerned 
with the i^reparation of a post-war i)rogrammc of 
research in his own line on a much augmented scale. 
He will be leaving shortly first for the United States 
and then Europe to make a tour of cliemical labora- 
tories. 

Dike a portion of the personnel of the Institute 
of Radium, Dr Chou and several members of the 
Institute of Materia ^ledica have not been able to 
get in contact with W’est China since Shanghai was 
completely isolated nearly three years ago. 

Tnstitutk ok Physiology 

This institute, formerly directed by Dr King 
Ei-Pin, bad to stop its research activities completely 
in autumn 1913. Before it moved to Kunming, there 
had been a programme of research involving studies 
in problems of experimental biology, cytology, and 
physiology. Tin's programme was later slightly 
modified to include work on the physiological effect 
of various Chinese drugs. A considerable amount 
of material has been published both in Chinese and 
French periodicals. 

While in Kunming, the in.stitute made sonic 
effort to work on subjects capaldc of application in 
daily life, besides conlinning pure scientific work. 
Ill this connection, invc.sligatioiis into the nutritive 
values of the foodstuffs used by the inhabitants of the 
vSoulhwest, experiments on the treatment of chicken 
cholera by sulfanilamide, as also of typhus by some 
Chinese medicines from the ancient herbal, the 
“Pen-Tsao”, arc c>f significance. Also of local 
importance has been the work on the types of Chinese 
drugs produced in Yunnan, and the basal metabolism 
of the Yunnancse people. 

As the war dragged on, much of the institute’s 
activity was retarded and finally stopped. In 1943, 
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the Ministry of I'diication appointed Dr King the 
head of an rnstitntc of Chinese Pharmaceutics, and 
the institute was then suspended. 

IxsTiTuri': oi-‘ Zoology 

I'lie Institute of Zoology was started, with ^^fr 
I. oil Ting-IIcng as the director in Peiping, to carry 
on studies on the animal life of China, and located 
with the Institute of Hotany in the Biological Science 
Building. Before its move to Kunming, the institute 
organized many expeditions for collecting animal 
Specimens and studying their ecological distribution. 
Special attention was i)aid to the sea-shore animals of 
China. I'ield stations were set up at coastal cities 
like Chefoo, Weihaiwei and Tsingtao, and parlies dis- 
patched to places like Amoy, several sea ports of 
Kuangtung Province and the Dutch Kast Indies. 
l«and animals such as birds, reptiles of some parts of 
the Province of Hojiei and in the vicinity of Peiping, 
the aini>hibians of Kuangtung and the Kast Indies 
were also collected and thoroughly investigated. The 
ntiinber of sjiecimens had acciunulated tr over 10,000, 
while some 24 papers and reports were published. 
Work in experimental zoology and cytology in fishes 
and frogs was taken up by several members. 

Upon settling clown in the inland city of 
Kunming where only fresh water animals were avail- 
able, the work of the institute had to be directed to 
the .study of limnological fattna in Yunnan Province. 
Thus the fauna of the Kunming latke, the Krh-Hai, 
the Vang-Tsung-IIai and the I'n-Siang T,akc became 
the most easily attainable material. To intensify such 
investigations an experimental station for lacustral 
biological .stndi s was .started in lo.W) under the joint 
auspices of the institute and the Bureau of Kecon- 
st met ion of Vnnnan. This station is the first of its 
kind in China and, despite its very brief history, has 
been al)le to carry out sy.stematically a considerable 
amount of stuilies 011 the principal fresh water fauna 
of Yunnan, particularly the fishes of these inland 
lakes, their diseases and enemies, together with the 
chemical and ])hysical jiroperlies of the lake w’aters. 

Besides acpiatic animals, terrestrial animals like 
re|)tilia and the spiders of Yunnan have also been 
collected and examined. Tojiics so far under investi- 
gation have been numerous ; to illustrate their 
character, those recently conducted may be referred 
to as follows: (i) the artificial propagation of Tsiiig 
Kish (^lat.sya sinensis, Bleeker) from Yang-Tsung- 
Hai ; (2) the investigation of the fishing gear of 
Yunnan ; (.0 the study of jjlankton, Cladoccra and 
Copejxula of the Kunming Lake ; (4) a study of the 
edible snail Martinis mclanioides Nevill, of the 
Kunming Lake ; (5) the ducks of the Kunming 
Lake ; (0) some fresh water sponges of Yunnan ; 
(7) some reptilia of Kunming and its vicinity ; etc. 


In April 1940, the institute suffered the most 
serious draw'back in Mr Lou's sudden death from 
complications following an operation. Dr Tchang Si, 
research professor of the institute, succeeded Mr Lou 
as director to carry on the programme of research. 

INvSTitutic of Botany 

This institute occupying more than half of the 
P.i«)logical vScience Building in Peiping has since its 
foundation been working mainly on the plant life 
of North, Nfirth-Rastcrn and North-Western China 
and its taxonomy. Investigations on agricnltiirc and 
ffirestry, such as the distribution of forests, classi- 
fication and diseases of farm plants, were also under 
way. Dr Tdon Tchen-Ngo \vas and still is the 
director, with Drs TJng Yong and Wang Yiin-Chang 
as the research professors, h'xtcnsivc collecting of 
plant .specimens from a great many regions was 
organized by the institute before the war. For this 
purpose Kr Lion himself, in one of the expeditions, 
went as far ns Sinkiang and crossed the formidable 
Kiteii-Luii Mountains tf) the north of Tibet. The 
number of specimens tbus accumulaled had reached 
more than 60,000 and over sixty publications had 
been made. 

In 10 . 0 , under tlie joint spoiisorshii) of the 
institute and the National North western Agricultural 
College, a special Botanical Survey was planned and 
organized at Wii-Knng, in vShensi Province, to do 
research on the plant life of North-West China and its 
economic value. Shortly after this, the entire 
institute moved westward and both i>ersonnel ami 
eipiipment were able to resume activities in the far 
interior Pro vi nee of vShensi. 

Since then, the principal items of research have 
been .studies on higher ])lants, on lower plants, on 
drug plants, and on the gi'ographic distribution of 
plants of North-Wc.st China. Materials obtained 
have been used in tlie compilation of a comprehen- 
sive volume on the plant life of North-West China. 
In 1040, a botanic garden was brought to comple- 
tion, in which many experiments have been per- 
formed. I?otanic iiarties were frequently sent out to 
the various centers of botanic interest throughout the 
Northwest, particularly to the great w'cstern iiioiui- 
tain ranges. To acipiire sonic knowdedge of the flora 
of the South-west, Dr Liou liinisclf came to Yunnan 
several years ago to carry on the work locally. He 
has been in the vicinity of Ta-Li and many parts of 
Western Yntinan. In Kunming, he was joined in 
1943 by Dr Ilao King-Seng, a new' member of the 
institute, whose interest lies chiefly in forestry. The 
institute is now in ])OSsession of about 70,000 plant 
siiecimens, one i^f the largest collections of its kind 
in China. For the botanic garden, many new’ plants 
have been brought from different localities. 
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Institutk of CiiimcKn' 

As inentionccl aliovo I he in ograniiiic of geologi- 
cal research of this iiislilule was initially carried out 
cooperatively with the ('icological Survey of China, 
under the director l>r Wong Weii-IIao, and many 
research professors such as iMr Ilsieh Cha-Yong, Mr 
IJuang Tsi-King, Mr C. C. Young etc. Its contri- 
Inition to geological science itself and to the geologi- 
cal knowledge of China had already been very signi- 
ficant by the beginning of the war. Reports, 
memoirs, bulletins, journals and inai)s published by 
the Tiistitute liad a very wide circulation. The in- 
stitute has e.xi^led in three distinct pliases during 
its history. I'roni 10,^0 t(^ lO.'vS, the first phase, the 
institute was still located in Pei])ing and everything 
was proceeding in full swing. Within this period a 
building for offices and lil>rarv and another for the 
Fuel Research Laboratory were erected, followed by 
a Museum and a Ceiio/oic Laboratory. With the 
cooperation of the P. U. M. C. (Peiping Union Medi- 
cal College), e.vcavatifm was started in limestone 
caves at Chou-Kou-Tieii near Peiping, resulting in 
the discovery of the fossil remains of the w’ell-known 
Sinanthrol^Hs l'>ckincnsis (Peking Man) and its con- 
temporary vertebrates. A fsei sinological Laboratory 
was meanwhile set up at Tchiu-I'ong in the out- 
skirts of Peiping to record earthfiuakes by modern 
instruments. Tlicn a vSoil Division began to make 
surveys of the soils of dilTereiit provinces and con- 
struct soil maps. 

In the office much time was devoted to palaeon- 
tological research in order to work out the strati- 
graidiv of many parts of China. In the field, both 
geological niap|)ing and mineral prospecting were in- 
tensively carried out. The Institute comi)leted the 
geological maps of Hopei, Shansi, »Shantnng, 
Kiangsu, Shensi and vSuiyuan Provinces by about the 
end of ic)35. Several ] unties went as far as the 
Tsinglingshan and Chilieiishan areas and to 
vSzechwan, Sikaiig, Kweichow and Yunnan Provinces 
for regional work. In mineral j»rosi)ecting, the in- 
stitute paid particular attention to the coal deposits 
of North and Central China and to various iron 
mines. 

The second jdiase came when the greater part of 
the institute had to move south to Nanking in i 035 > 
while the smaller i)ortion remaining in Peiping as a 
branch. While in Nanking, the institute was housed 
in a central building which com])rised the museum and 
offices, and several auxiliary buildings in whicli w^cre 
located the library, clieinical and fuel re.search labo- 
ratories, all new and well e(iuipi>ed. Palaeontolo- 
gical and stratigraphic studies still went on in the 
office ; field investigations had to be restricted to 
inovinces situated along the Yangtze Valley. Special 
emphasis was laid oj) the mineral deposits of the 


Nanking area, Hunan, Kiangsi and Kweichow 
Provinces. 

Soil survey was still under w’ay. The Seisinolo- 
gical station continued its recording in Peiping. A 
new division foi geo]>hybical prospecting began to 
work on mineral deposits w'ith torsion balance. The 
fuel laboratory put much efforts into extracting light 
oils from vegetable oils besides its former w'ork on 
coking of coal and low temperature coal tar distilla- 
tion. 

The third phase began in 10.^7 when the w'ar 
started and tlie instil nte had to withdraw westward 
first to Changsha and then to Beipei near Chungking. 
Most of the ecjuipmeiit was got out of Nanking during 
its sudden fall to the Japanese in December 
although some of the less important minerals, rock 
and fossil specimens had to be left behind. Ill spile 
of the war, extensive field and laboratory .studies 
have been carried on without any loss of vigour. 

To meet the immediate deinaiids of war industry, 
detailed mapping of mineral deposits oc(’!ipied the 
major i)ortion of the institute’s geological work, 
although stress has equally been laid on palaeon- 
tological studies and other l)ranchcs of the science 
(for example, the excavation and investigation of a 
complete fossil dinosaur skeleton — the 1 .ufe'njyosaurus 
liuenci Young — from Lnfcng Hsien, Yunnan). As 
to the work in mineral deposits, it can possibly be 
said that hardly any of the iniporlant discoveries and 
investigations during the last eight years in the 
western ] provinces of China have been made without 
the parlicipatioii of members of this institute. 

The Mistitute, owing to its distance from the main 
body of the Academy and the difficulty of the 
Academy in financing it during time of war, is rather 
is»)lalcd and has to go on by itself, although the re- 
lation between it and the Academy is still maintained. 
Dr Wong Weii-IIao himself had to take on the 
onerous respoiisbilities of Minister of bxonoinics and 
Director of the National Resources Commission. In 
1945, he became Vice-Cliainnan of the Kxecutive 
Yuan and Director of the War Production Board. 


Institutk oi- Hi.stokicm. vStudiks and At^chakoldta' 

This Institute owes its Inrth to the “Committee 
of Historical Studies’* which was formed by the 
Academy w'itb a group of liistoriaiis and archaeolo- 
gists of Peiping as its members. In 1937. circums- 
tances justified the conversion of this committee into 
the Institute of Historical vStudic.s and Archaeology of 
the Academy, a more permanent and concrete orga- 
nization to carry out researches f)f this nature. Since 
its foundation this institute, directed by Mr Hsu 
Piiig-Tchang, has consisted of two main divisions. 
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with Mr IIsu himself in charge of the archaeological 
division and Mr Ku Chi-Koiig leading the historical 
division. 

Regarding archaeological research, a considerable 
airionnt of material was obtained in Hopei and Shensi 
Provinces by excavation and exploration before the 
war, iiicliidiiig the uncovering of many mined sites 
of ancient towns. vSitch materials were examined and 
studied in llie office »)y a groiij) of inenibers of the 
institute, such as Mr Sn Ping-Chi, Mr Chang Ilwci. 
Mr Ilo Loh-Pu, etc. The Institute has published a 
series of monographs on such archaeological work. 

Upon the request of the vShensi Provincial Oov- 
ernmeiit in 1934, there was appointed a committee 
which started an excavation of Tow-Ki-Tai, a ruined 
site of Pao-Ki-Hsien. Materials of liistorical signi- 
hcance tJius obtained were the remains of manv 
liuinaii dwelling places of the Stone Age, also relics 
of ancient city walls and more than one hundred 
toml)S belonging to various ancient periods. With 
those materials the first of a proposed series of publi- 
cations, “vStudics of Li-Tripods Kxcavated at Tow- 
Ki-Tai** by Mr Su Ping-Chi has gone to press, while 
the report of the excavation is under compilation. 

Historical studies previous to the war involved a 
detailed survey of the existing temples in and around 
Peiping, and the anticiucs available at Peiping ; re- 
punctuation and critique of the Chinese Classic 
“Shill-Chi’* ; studies on the history of development 
of learning during the Soong and Yuan Dynasties, 
etc. Many of the results were published in the form 
of monographs and memoirs while a part appears in 
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the quarterly Historical Journal also issued by the 
institute. 

Following the outbreak of the war, the work of 
this institute, after its move to Kunming, partly from 
Shensi and partly from Peiping, has consisted mainly 
of three items : (i) the study of literary materials in 

connection with ancient Chinese history ; (2) the 
classification and study of archaeological materials 
excavated at l^Mo-Ki-Hsicn, Shensi ; and (3) the col- 
lecting of historical materials relating to the abori- 
ginals of the bordering /ones of China. 

Regarding the study of literary materials in 
ancient Chinese history, several important works have 
been completed. They are : “’I'he T.egendary Period 
in Chinese Ancient History**, a book of seven chap- 
ters by Air Hsu Ping-Tchang, being an investigation 
based on ancient legends of Chinese history from 
Huang-Ti lo the Aliddle vShang Dynasty ; (2) “Tsun- 
Kwo-Tsin-Shy-IIwei-Tien** by Air Hsu Tao-Ling, 
(the name index for the holders of the degree “Tsiii- 
Shy** during the various Chinese Dynasties), being a 
compilation of the historical materials for the last one 
thousand years. 

Items very lately taken up conii>ri.sc : (1) an essay 
on Chinese culture in comparison with that of the 
W'estern World (a comprehensive and histt)rical study) 
hy Air ITsu Ping-Tchang ; (2) the work of compiling 
a general report on the archaeological excavation of 
Tow-Ki-Tai by Mr. vSu Pin-Chi ; (3) studies concern- 
ing the philoso|)hy of Wang-Pi by Air Sluing Ai-Sung; 
(4) studies on the marine treaty between vSimg 
(Chinese) and Chin (Tungus) by Air Cheng Su-Lo. 


A CHALLENGE TO CIVILIZATION » 


NTIUaS BOHR 
COPENHAGKN 


advance of physical science which has made 
it possible to release vast amounts of energy 
through atomic disintegration has initiated a veri- 
table rcv'oliition of lininan resources, presenting 
civilization wdth a most serious challenge. Man*s 
increasing mastery of the forces of nature, wdiich has 
provided ever richer possibilities for the growth of 
culture, may indeed threaten to upset the balance 
vital for the thriving of organized communities, un- 
less Innnan society can adjust itself to the exigencies 
of the situation. The great technical developments 
of the last century already deeply affected the social 
structure of every country but, evidently, w^e have 

• l^cproduced from Science, October 12, 1945. 


now reached a stage which calls for a new approach 
lo ilie wdiole problem of international relationship. 

The formidable nieiuis of destruction wdiich have 
come within reach of man will obviously constilute a 
mortal menace lo civilization unless, in due time, 
universal agreement can be obtained about appro- 
priate measures to prevent any unwarranted use of 
the new energy sources. An agreement lo this pur- 
pose will surely demand the abolition of barriers 
hitherto considered necessary to protect national in- 
terests but now^ standing in the way of common safety 
agaithst unprecedented dangers. In fact, only inter- 
national control of every undertaking which might 
constitute a danger to world security will in future 
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permit any nation to strive for prosperity and cul- 
tural development without constant fear of disaster. 

Whatever renunciations as rcj*ards customary 
prerogatives such regulation will involve, it should be 
clear to all that, in contrast to other issues where 
history and traditions may have fostered divergent 
viewpoints, wc are here dealing with a matter of the 
deepest interest to all nations. ^loreover, the free 
and open access to information about all scientific 
and technical progress, which will be a basic con- 
dition for the efliciency of tlie control, will in itself 
go far towards promoting mutual knowledge and 
imderstanding of the cultural a.spccts of life in the 
various countries, without which respect and good- 
will between nations can hardly endure. 

In all the circumstances it would appear that 
the possibility of prodinniig devastating weapons, 
against which no defence may be feasible, should be 
regarded not merely as a new danger added to a 
l)erilous world, InU rather as a forceful reminder of 
how closely the fate of all mankind is coupled 
together. Indeed, the erisis with which civilization 
is at present confronted should alTord a imiijue 
opportunity to remove obstacles to peaceful colla- 
boration between nations and to create such mutual 
confidcuce as will enal)le them jointly to benefit from 


the great promises, as regards human welfare, held 
out by the progress of science. 

The attainment of this goal, which i)laccs upon 
our generation gravest responsibility towards pos- 
terity, will of course depend on the attitude of all 
people. V^aluablc services, liowever, may be rendered 
by scientists all over the world in bringing about a 
genuine appreciation of what is at stake and in 
pointing out huw the great development of our 
resources may contribute to progress for humanity. 
In a matter of such universal scope, help may also 
be fouml in the intimate connections between 
scientists, created by international co-operation which 
l>roved so fertile just in a domain of research that 
was to have such overwhelming consequences. 

For meeting the challeiige to civilization in the 
proper sinrit it should be a most fortunate omen that 
we have to do with implications of pure scientific 
studies pursued with no other aim than to widen the 
borders of our knowledge and to deepen our imder- 
staiiding of that nature of wbicli we ourselves arc a 
part, bet us hope that the science which, through 
the ages, has stood as a symbol of the progress to be 
obtained by common human striving, by its latest 
emphasis on the necessity of concord, may contribute 
decisively to a harmonious lelationship between all 
nations. 


THE RADAR 

S. K. JUTRA, 

UNIVKKSITV COM.KOE Ol?' vSClENCE, CAr.CHT’fA 
and 

J. N. BIIAK, 

SKCKKTARY, RADIO RKSKARCU COMMITTUK 


the many weaijoiis and ilcviccs developid 
during World War No. 11, the two epoch-making 
ones are the Atomic TIomb and the Radar. The fonner 
is cxchisiveh’ a weapon of offence ; it helped the 
allies to win a (piick and decisive victory by its 
terrible destructive effect. The latter, in contrast, 
is not in itself directly a weapon of offence. Yet it 
jdayed a decisive part in winning the war by the 
invaluable and almost uncanny aid it gave to the 
major offensive and defensive operations in air, in 
land and on sea. I'urther, the atomic bomb in its 
present stage of development will hardly have any 
inimediatc peace time application. The Radar on 
the other hand can be applied as it is directly to 
peace time jobs. Readers of “Science and Cur/ruRE” 
have already been told the story of the atomic bomb. 
In the present article will be narrated the story of 
the development of Radar — what it is and how' it 
contributed to the winning of the war. 


The Pkincipde ok Radar 

Radar or radio-locator may be defined as a 
device for locating a distant olqcct with the help of 
radio waves. 

Ill order to locale an object in space with 
reference to the observer three parameters arc needed. 
These arc: (i) the range (distance), (ii) the bearing 
and (in') the elevation as shown in Fig. i. The basic 
principles of nieasuriug these three parameters with 
the help of radio waves are as follows : 

(i) Range (R) — The lime taken by radio waves 
to travel from the oliscrver to the object and, after 
“reflection”, from the object back to the observer, 
is measured. Knowing the velocity of the radio 
waves, the distance of the object from the observer 
is easily calculated. 

(ii) Bearing ( 0 ) — ^'The directional properties of 
radio receiving aerials are utilised as in standard radio 
direction finding methods. 
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(Hi) lUcvation — The waves returned by the 
object produce different sii^nal intensities in two 
reccivin.e aerials situated at different heights above 



Fig. 1 

Radtoiocatiox 

The observer ran locale the aircraft if he knows the 
three jairaiiielers raii.tje (U), bearini* ( 0 ) and 
elevation { 6 ). 

All the three can be ineasured by the radar. 

the ground according to known law. A eoini)arison 
of these signal intensities allows one to estimate the 
height, i.L\, the elevation of the object. 



T R 

(a) 


the novelty. It will however be evident from what 
follows that in translating these principles into 
practice tremendous difficulties had to be overcome ; 
new and si)ecial apparatus had to be designed and 
new tochni(|iies evolved at every step. 

In what follows we will fust explain in some 
detail the methods of measuring the three parameters 
as indicated above and then describe the new 
techniques developed and their applications. 

Radio Ranging: The Pulse Technique . — For 
ranging — that is measuring the distance — the pulse 
tcchiii(iue, iirst developed in the IJ. S. A. by Brcit 
and Tuve for the estimation of the height of the 
ionospheric'^' regions in the upper atmosphere, is 
universally adoiUed. This may be described as the 
backbone of Radar. 

The principle of the method is quite sinq)le and 
is illustrated in Fig. 2(a). Pulses of radio waves of 
short duration are shot upwards from the transmitter 
T. For each pulse sent out from the transmitter, 
the receiver R ])icks up in succession two pulses — 
first, the ground \mlse travelling along the direct 
path from T to R and a little later, the echo, travelling 
from T to the iono.spheric layer and thence, after 
reflection, l)ack to R. 'riiese two pulses are recorded 
on the time base of a cathode ray oscillograph con- 
nected to the output of the receiver, and produce a 
l)attcrii as shown in Fig. .^a). The sei)aratioii 
between the two pulse traces along the time base is 
obviously a measure of the interval that elapses 



Fig. 


Radio uaxgtkc 

(a) Ranging the ionospheric layer — Ihirsts 
(pulses) of high frequency radio waves 
(1 — 15 megacycles /sec.) lasting for a very 
short time (50—100 microseconds) are sent 
out from the transmitter T. The pulses 
arc reflected back by the conducting 
ionospheric layer and are recorded by the 
receiver R. Tlie lime of travel of the 
pulses to and fn)m the ionosiiheric layer 
. can be measured directly on llie screen of 
a cathode ray oscillograph and yields the 
height of the reflecting layer. 

The above principles seem quite simple and 
straightforward. One may, therefore, wonder why 
they had no^^ been applied before and wherein lies 


BY imSB TliCIi.MQlTK. 

(b) Ranging an aircraft. — High frequency pulses (30- 300 
megacycles /sec.) of short duration (a few tenths of a 
microsecond) arc sent out from the traii'^milter^ T. 
The re.flei'ted ]nilses are recorde.«l by the receiver. The 
time f)f travel of the pulses to and from the aircraft, 
can he measured directly on the oscillograph screen 
and yields the distance of the aircraft. 


The Ionosphere — popularly called the radio-roof of the 
world, consi.sts of ionized regions which reflect radio-waves. 
These regions are produced by the ionising action of extreme 
ultra-violet rays of the suii on the upper atmosphere. 
They extend from one to four nr five hundred kilometres 
above the surface of the earth. 
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between the arrival of the ground pulse and that of 
the echo ; and, if the receiver is close to the trans- 
mitter, this is equal to the time taken by the pulse 
to travel to and from the ionospheric layer. The 
delay corre.sponding to this separation being known 
from the recurrence frequency of the time base, the 
height of the ionospheric layer can be easily calculated 
knowing the velocity of the radio waves. In effect, 
therefore, the time base serves as a scale of heights 
which may be permanently indicated on the oscillo- 
graph screen. 


a very small fraction of the energy incident upon it. 
In fact it is far less than the fraction of energy 
reflected back by extended surfaces like an ionos- 
pheric layer. It follows therefore that the pulses 
sent out hy the transmitter for the radio location of 
small objects should be much more i)owcrful than 
those employed for ionosplieiic ranging. To compare, 
while pulses with a peak power of a few kilowatts 
suffice for ionosphere exploration, those required for 
radar work must possess a peak [)o\ver of several 
hundreds of kilowatts. 


t, 




0 100 200 300 

Height(Miic0 


(a) (h) 

Etc. 3 

I^HoToCRAiaiS OK l'i:i.SK RKCORIIS ON CXTHoDK R\Y OSCIU.OORM'Il .SCRKI";. 

(a) ^>llo(^s from llio ionosphere (1>) Kchoes from aircraft 

(Taken at Calciilla) (Taken in Ihiglaml) 

The signals on the left are the pulses ren<-hiiig the receiver directlv. Those on the 
right are the echoes. The distatice betweeti the two along the time, base (the 
horizontal line) measures the time of Iravel of the pulse ti> ami from liic rellecl- 
ing object and is proportional to the range. The scale is marked helovs. 





The above method of ranging the ionos])herc can 
evidently be extended to determine the distance of 
any object as illustrated in Fig. 2(b), provided it 
returns the radio waves with sufficient intensity and 
also i)rovided the duration of the pulse is sufficiently 
small such that the echo returned by the object 
reaches the receiver clear of the end of the direct 
ground pulse. 

For such extension of the pulse tcchnicpie to the 
ranging of nearer objects of limited si/.e, the two 
requirements are : firstly, production of pulses of 
extremely short duration and secondly, packing 
sufficiently high energy within a pulse. The reason 
for using pulses of very short duration is obvious. 
The time taken by radio waves to Iravel to an air- 
craft, say 10 kilometre away and return to the observer 
is about 6o microseconds. And, in order to be of any 
practical value, this has to be measured with an 
accuracy of a few tenths of a microsecond or even 
less. To achieve this, pulses of radio waves of 
extremely short duration — a few tenths of a micro- 
second — arc necessary. 

Again, the energy returned by a small object 
like an aeroplane in the direction of incidence is only 


To appreciate how small is the fraction of the 
energy sent out from the transmitting aerial that is 
received back after being returned by the object, one 
should reiiieiiiber that the lalter varies inversely as 
the eighth power of the distance as shown l)y the 
following formula. 'I'he formula refers to the ease 
ill which the transmitter, receiver and the scattering 
object arc not so high as to be unafTected by ground 
rellcctioii. The traiismitling and receiving aerials arc 
half-wave dipoles situated close to each other .and the 
wavelength used is greater than llie dimensions of the 
.scattering object which for siinj)licit\^ is assumed to 
be a metal sphere. Under these conditions, tlie signal 
]>owcr av.'iilable at the receiver may be shown to be 
given by 

. _ 504 hr' h.' 

w'here, 

/fr — height of the receiving aerial 
/ta — height of the scattering s]>hcre 
r — radius of the scattering sphere 
A — wavelength used 

d — horizontal distance from receiver to the 
scattering object 

P — power radiated by the transmitter. 


346 


SCIENCit AND eUWURE 


Vol. XI, No. 7 


The form Ilia assumes that the distance of the 
object from the receiver is much greater than its 
height above the ground. 

To estimate the fraction of the energy radiated 
by the transmitter that is available at the receiver, 
for a concrete case, let us take: //,. = 100 metres; 
//.s- =1000 metres ; 05 metres; Ar.-io metres and 

d — 2oa kilometres. For these values 
= X 10"“’’ P 

Thus if the transmitter power is 100 kilowatts, the 
signal i)ovver available is of the order of watts. 

It should be remembered that this estimate is based 
on the assumption of a pcrfectlj’ conducting sphere 
as the scattering object. If it is not a perfect con- 
ductor the energy received will be even much less. 

Now these two requirements — shortening the 
I)ulses and increasing their peak ]K)wer — are not in- 
compatible with each other. With a given average 
1)0 wer rating of the generator, the peak power of the 
pulses produced will be greater as the duration of 
the i)ulse is made smaller. But there are other 
factors which impose a limit to the narrowness of the 
pulses. It is well-known that the narrower the pulse 
the wider are the side bands associated with the main 
carrier frequencies. For efficient reception of very 
short pulses, the receiver is therefore required to have 
correspondingly wide pass-bands. 

A (luaiititative estimate of the required band- 
width of the receiver may be easily made. It is 
known that a vScpiare-topped radio frequency pulse is 
comi)osed of a carrier and a continuous set of side 
bands extending up to infinity, on both sides of the 
carrier frequency. The energy of the pulse is mostly 
concentrated within a frcciuency band the width of 
which is inversely [iroportioiial to the duration of 
the pulse. To be more precise, if T is the duration 
of the pulse, the frequency band within which most 

of the energy is confined spreads from / - ^-to f+jp' 

where / is the carrier fretiueticy ; /.c., the effective 
2 

band width is . As an example, if the pulse is 

1 microsecond long, the receiver must be able to 
accept a frequency band at least 2 megacycles wide 
in order to record the pulse with sufficient strength 
and without appreciable distortion. Technically this 
may be expressed by .saying that the width of the 
receiver pass-band should be 2 megacycles. 

Now tlie random noise from unwanted distur- 
bance sources in a receiver is proportional to the 
band width. The pulses cannot therefore be shortened 
indefinitely, e\'en if it were practically possible to do 
so. For then, the noise in a receiver designed to 
receixe such extremely short pulses would be so 
great as to drown the echoes altogether. This 
imposes a limit on the shortness of the pulses which 
is of the order of a few tenths of a microsecond. 


Dclcrminalion of Bearing . — The method of ob- 
taining the bearing of the object does not differ 
materially from the conventional BelHni-Tusi or 
Adcock practice employed for ordinary direction 
finding by radio. The aerial system consists of two 
cros.sed horizontal aerials — half-wave dipoles— at right 
angles to each other, each of which picks up the 
signal returned by the object. The outputs of the 
two dipoles are fed to a radio goniometer which 
consists of two identical pairs of stationary coils, one 
pair for each dipole, so mounted that the plane of 
each pair is parallel to the corresponding dipole. In 
the space between these stationary coils, is mounted 
a search coil free to rotate about its own axis. The 
output of this search coil, after being detected and 
amplified to the desired degree, is fed to an indicat- 
ing device, usually the cathode ray oscillograph, 
which records the received indses. It can be easily 
shown that the intensity of the pulse output will be 
a minimum if the plane of the search coil is at right 
angles to the direction of the object. The bearing 
of the object can thus be determined by adjusting the 
position of the search coil for minimum response. 

Measurement of Elevation . — The principle under- 
lying the method of height determination is as 
follows. The signal returned by the object to be 
located travels to the receiving aerial via two distinct 
routes — one direct and the other after reflection at 



PRINCIPU OK IIKir.HT KINDI NO. 

T -Rrceiviiig aerial 

O Flying aire.rait scattering hack the pulse energy 
— (Trouml. 

In the vertical plane passing through T (peri)eiidicular 
to the plane of the paper) there are niaxinia and 
iiiinima due to the interference of the direct ray and 
reflected ray coming apparently from O' the image 0/ 

<). It is obvious that the intensity of the signal 
received by T depends on its location in the interfer- 
ence pntteni. In other word.s the intensity is a function 
of the height of T a!M)ve the ground. (The arrange- 
ment reminds one of the interference pattern as 
observed in tlie lyloyd’s mirror exfieriment in optics. 

.Vs in the case of Lloyd's mirror, there i.s a iniiiimuni 
of intensity at the surface of the “mirror”, i.e. at 
the ground). 

the ground which behaves nearly as a perfect reflector 
for radio waves. This is illustrated in Fig. 4. Now, 
the reflected wave suffers a phase lag behind the 
direct wave due to two causes : firstly, that due to 
the increased length of path traversed, and secondly 
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to the i 8 oP phase reversal caused by the reflection at 
the ground. It is clear that if the aerial is very 
near the ground, the path difference between the 
reflected and the direct waves is negligible and there- 
fore the i8o^ phase difference produced by ground 
reflection causes the direct and tlic reflected waves to 
cancel each other resulting in a very weak signal. 
As the aerial is moved higher up the increasing path 
difference annuls more and more the t8o° phase 
difference caused by reflection and eventually a 
height is reached when the two exactly neutralise 
each other, resulting in niaxiimiin signal strength. 
This aerial height, it may be noted, is dependent 
upon the wavelength, the height of object above 
ground and its distance from the aerial, i.c., the 
range. It is evident, therefore, that if two identical 
aerials arc placed one above the either (within the 
height corresponding to the first signal maximum) 
then the higher aerial will give a signal output 
greater than the lower one. In fact, for low angles 
of elevation, the signal intensity is proportional to 
the stiuare of the product of the height of the object 
and that of the aerial. Hy comparing the signal 
outputs of the two aerials, the height of the object 
can therefore be determined. 

In practice, however, ground conditions vary 
from place to i>lacc and the surroundings also change. 
These have to he taken account of in estimating the 
height. 'I'liis is done by conducting fre(picnt test 
flights at each place where the Radar is installed and 
suitable calibration charts arc prci)ared from which 
the height can be read off directly. 


The First Applications of Radar-tiie CH 
ANP THE CHlv Static ws 

The first step in the dc*vclopinent of radar- so 
far as luigland is concerned — was taken when in ic)34 
one of the officials of the Committee set up by the 
Air Ministry for vScicntific Survey of Air Defence met 
an official of the National Physical T.aboratory with 
the problem of devising some means of detecting air- 
craft approaching the shores of Kn gland beyond 
optical range. The members of the N.P.L. who were 
familiar with the ranging of the ionospheric layers by 
the pulse technique suggested that the same lechiji(iue 
might be applied because the body of the aircraft 
might .scatter back the pulse energy sufficiently for 
its location by a suitable receiver on the ground. 

Preliminary experiments carried out in May 1035 
showed that the suggestion was iierfcctly practicable ; 
echoes from aircraft were detected, as .dear (Fig. .'^( 1 ?)) 
and powerful as those returned from the ionosphere 
demonstrating that the method could be successfully 
applied for ranging aircraft. Immediate decision was 
made and as early as December, 1935 a chain of five 


stations (termed CII — Chain Home) was established on 
the east coast of luigland. Kacli of these stations 
consisted of a transmitter and receiving eciuipment 
with suitable aerial systems, shown in P'ig. 5, 



Transmitling and reopivtng acnal*; CII (Cli.iin 

IIoiiu*) si at ion. 

which could “flood*' with radiation the space 
away from th.e coast. The wavelcMigth enqdoyed 
was of the order of lo metres. Any aircraft 
coming within this “flood-lit** space which cxleiided 
up lo about 300 kilometres from the coast, would 
scatter the radio energy hack towards the coast. 
I'hc reflected energy picked up by the receiving 
aerials, situated not far from the transinitler, would 
be delivered to three liighly sensitive receivers which 
enabled the observers to measure respectively the 
range, the hearing and the elevation. A continuous 
chain of such stations giving protection lo the eastern 
coast of Fngland w.as sot up hy vSepleniber, iq3c) and 
in September, i()/|i the entire coast of England was 
covered. 

The s>’stem however suffered from a great dis- 
advantage. The transmitting aerials situated as they 
were could not send out sufficient energy grazing the 
ground. The result was that a distant aircraft could 
be detected only when it was at a considerable height 
-about 5000 metres above the ground. This defect 
could l)e eliminated by raising the height of the 
transmitling aerial and/or by decreasing the wave- 
length. There were practical difficulties to increasing 
the height of the aerial above a certain limit. The 
only other alternative was therefore to decrease the 
wavelength. This was done and a further chain of 
radar stations— CUE (Chain Home, I^ow) — using 
rs-metre waves was set up enveloping practically the 
entire coast, rnlike the lo-metrc Radar which flood- 
lit a wide space, the transmitting aerial for I’s-metre 
Radar, shown in Fig. 6, was so arranged as to produce 
a comparatively narrow beam 12® to 15® in width. 
The aerial system was mounted on a turntable and 
the beam could sweep the horizon through the whole 
360®, if necessary. 
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It is to be remembered that the transition from 
the lo-metre to the i‘5-iiietrc Radar was not an easy 



l-u;. u 

Radar rKOTi-.criON or l^N<a,\ND. 

Transmillitig aerial of a CliL (Cliaiii Ilnme, ho\v)stalion. 

job, necessitating the development of many new 
apparatus and techniques. For instance, novel types 
of valves had to be designed and produced capable 
of generating sufficient power at this high frequency. 

These early warning CTT and CHL stations were 
the first applications of Radar and the aerial protec- 
tion (Fig. 7) they gave saved Fngland in the critical 
months of the Battle of Britain. 


Ckntimhtkic Radar 

Simultaneously, with the development of the 
CH and CHL stations, other devices employing radar 
techni(|ue were also being evolved for use in the army 
and the navy such as search-light laying, gun-faying, 
detection of enemy vessels from air and the like. 
Complete miniature radar stations were also in demand 
for use of the aircraft with which they could s])ot and 
even fire on enemy idanes in dark and cloudy nights. 
These and other ai)plications of radar techtiiciue, 
needed more narrow and concentrated beams of 
radiation. This could only be achieved by reducing 
the wavelengths still further, so that small parabolic 
reflectors could be used for concentrating in a i)arti- 
cular .direction the energy radiated from an aerial. 

High Power Magnetron . — The problem of the 
generation of such short waves, only a few centi- 
metres in length — microwaves as they are called — 
was solved by a group of scientific workers in the 
University of Birmingham by developing the well- 


knowm magnetron which for a long time had been in 
use as a laboratory apparatus for production of centi- 



Ftg. 7 

The .'irca boiimlrcl hy tlir outer sliadeil line was rove-red 
by CH stations wliirh rould dirert liigh-Ilyin.g aircraft 
(5000 inelrcs or iiuue) penetrating it. The inner eroiRsed 
line indicates tlu' boundary of the region covered by CIIL 
stations which deiected low flying planes (150 metres or 
more) crecjnng towards the shore, 

metre waves. The power generated with ordinary 
magnetrons, however, is small and wholly inadequate 
for radar purposes. It is reported that4he Successful 
evolution of the high power magnetrons was due to 
tlic adaptation of the cavity resoiij^ce principle. 
Unfortunately full details of the device are not yet 
available. But it is known that magnerons capable 
of generating microwaves of a peak power rating of 
several hundreds of kilowatts have been developed. 

The obvious and, from the operational point of 
view, very great advantage of centimetre waves was 
the ease with which they could be concentrated into 
a narrow beam of radiation with the help of relatively 
small parabolic reflectors. The transmitting equip- 
ment with its aerial and reflectors now constituted 
what in effect was a radio search-light. An immediate 
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application of this was in the detection of low flying 
aircraft. It has already been mentioned that the 
longer waves could not be directed close to the ground 
with sufficient intensity and, therefore, low-flying 
planes escaped detection. The narrow concentrated 
beam of centimetre waves could be sent grazing the 
ground and thus enable the detection of low-flying 
aircraft. 

The Overlapping Beam Technique. —The possi- 
bility of producing narrow bcatiis also led to the 
development of a device of unprecodented accuracy 
for measuring the bearing an oloject. Tlu* narrow 
beam pointing towards the target so as to get the 
maximum intensity of the echo, itself gives the bear- 
ing— both azimuth and elevation. But the accuracy 
obtained in this way is not enough for o])erational 
purposes. An extremely ingenuous device the over- 
lapping beam technique— was therefore evolved. This 
has been described as one of the landmarks in radar 


one to measure the bearing with a precision of 5 to 
10 minutes. 


Operational Aid.s by Rad.ar 

With the continued improvement of technique 
the principle of radio-location was rapidly extended 
ill various directions. Many devices of great opera- 
tional \aliie Wire developed, some of which are 
described belov\\ 

ll'F (Indicator Friend or Foe).- An instance of 
the Operational ajiplication of radar technique is the 
friend or foe indicator. This is a device fitted on 
friendly aircraft which responds strongly to the pulses 
incident on it and sends back the signals modifled. 
At the sending station these arc easily distinguished 
from the unmodified pulses sent back by enemy 
planes. 




Fig. 8 

OVBRUmNG BIJAM TKCHNTQlTfi. 

The centiiiietnc rador semis out allernatelv in nnick succession two narrow heains of radialioii 1 ami 2. 
The line marked “Reflected Ray” rc])rcsenls the direction of the target. If it is on the crossing point of 
the two beams the two echoes will be exactly equal as shown at (c). Slight deviations from this point 
^will result in inequality of amplitude of the isst* echoes as shown at (a) and (b). The vertical lines 
inlkrli^d \ and 2 represent the amplitude of the echoes due to the respective beams. The adjustment of 
eqyalky can be so accurately made that the bearing of the target can be measured within 5 to 10 
mitintes of arc. 


development. The transmitter is provided with two 
aerial systems with suitable reflectors wliich can .^cnd 
out two narrow beams of radiation partly overlapping 
each other as.s^owm in Fig. 8. The aerials are ener- 
gised alternately in quick Miccessioti. It is obvious 
that the strength of the signal returned by the object 
as recorded on the oscillogtaph screen will depend 
upon the part of the beam in which the object is 
situated. The tw’o signals corresponding to the two 
beams will be of equal intensity only when the ohjcci 
is on the line about which the two beams are syinine- 
trically situated. The estimation of this equality tan 
be made with great accuracy thus increasing the 
accuracy of the bearing. Wliile the usual methods of 
hearing determination permit an accuracy of i or 
2 degrees, the overlapping beam technique enables 


PPl (Plan Position Indicator). - -AmAhcr instance 
of the application of radar technique is the PPI. In 
it the aerial system sends out a narrow beam of radia- 
tion which is made to sweep round the horizon at a 
constant speed of about six revolutions per minute. 
The time base, which is arranged to extend from the 
centre to the edge of the oscillograph screen, is also 
made to rotate in a circle in exact synchronism with 
the beam. Further, the electron beam of the oscillo- 
graph is so controlled that a received impulse, instead 
of producing a notch on the time base as usual 
3)1 produces a brightening of the spot. Thus 
when the beam in its sweep encounters an object, say 
an aircraft, this is revealed as a bright spot on the 
screen, — ^the position of the spot indicating the posi- 
tion of the aircraft on tlie plan, so far as its direction 
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and slant range are concerned. This is illustrated in 
Fig. 9. If further the aircraft is a friendly one carry- 
ing tlie IFF device, the nature of the bright spot at 
once reveals it. Such delineation of an aircraft or a 
formation of them on the oscillograph screen indicat- 
ing their position even in the darkest of nights is of 
extreme iiiii)ortanc'e for operational ]Hirpos('S. 



Fig. 9 

Diagrammatic repkkskntation ok PPI (Pi, an Position 
Indicator) record. 

The time base, which starts from the centre and travels 
out radially, is made to rotate in exact synchronism 
with the beam of radiation swce])in.i^ round the hori/on 
in search of enemy planes. .\n aircraft situated in any 
direction within range sends back .an echo when the 
beam points towards it. The eeho produces a bright- 
ening of the time base at a distance fnnn the centre 
proportional to the range c)f the aircraft. The. posithm 
of the plane is thus indicated direct!) on the plan. 

The three spots in the diagram indicate the i resence 
of two planes situated approximately l.'i N<jrth of h'ast 
and one situated 30 North of Ha^t.’ 

A modified version of the PPT is the ASV 
which was devised specially for U-l)oal dcleclioti from 
the air or irom surface ships. The strategic import- 
ance of this device will ]?e appreciated if it is re- 
membered that it solved the extremely difficult 
problem of spotting such small objects as periscopes 
of submarines, hardly i)rojecting 5 or 6 ft. above the 
water, in the vastness of the oceans even in the 
darkest of nights. 

Il2S . — Another extension of the PPI was the 
H2 vS equipment which may perhaps be called the most 
spectacular application of the radar technique. With 
the help of this equipment one can obiain on the 
cathode ray oscillograph screen a vivid representation 
of the landscape extending up to to miles or more 
round a point distinguishing between rivers, seas, 


lands, forests, cities and villages. The HaS device 
which is generally fitted on aircraft, directs the 
rotating beam of radiation towards the ground slant- 
ingly. The pulses on striking the various features 
of the landscape such as water, laud or metallic 
structures arc returned towards the .sender with vary- 
ing intensity and produce on the oscillograph screen 
spots of varying degrees of brightness. Thus a stretch 
of water which, on account of its smooth surface, 
reflects the pulse energy incident on it away from 
the sender, appears dark on the oscillograph .screen. 
On the other hand, cities and tow-ns having large 
metallic structures scatter the pulse energy back in 
the incident direction relatively copiously and appear 
quite bright. Open fields scatter back the incident 



Fig. 10 
Radar map. 

The pulses sent out from an aii borne radar strike the 
A’arioiis fealure.s of the landscape and are returned willi 
varying intensities producing on the oscillograph 
.screen a pattern which shows clearly rivers, lakes, 
seas, cities and villages as in a map. The above photo- 
graph was taken with a H2S eqmptnent from an air- 
craft flying over Pembroke on the south we.st coast of 
England. The white continuous line is drawn on the 
photograph to show the actual coast-lino. The simi- 
hirity between the photograph and the landscape below 
is remarkable. 

energy in a moderate degree and therefore appear as 
of intermediate brightness. An actual radar map 
obtained with the help of a II2S equipment carried on 
a night liomber is represented in Fig. 10. 

It should be mentioned here that the success of 
both the IIsS — the aid to town finding, and the ASV 
— the aid to U-boat .spotting, w^as made possible by 
the use of centimetre waves. In the early stages both 
were developed as a common equipment known 
as TI2S/ASV. 

GCf {Ground Control Tnterception ). — The CHb 
station in conjunction with a PPI set fonned what is 
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described as the GCI system. With the aid of this 
system a fighter plane could Ik* guided to the iieigli- 
bourhootl of the enemy aircraft within to 6 kilo- 
metres. In dark nights or in bad visibility, the lighter 
would use the AI (Air Interception) set in it and 
guide itself close to the enemy planes for attack. It 
is said that it was this combination of the CIl/CIIL 
stations on the coast, the GCI etiuipment inland and 
the A I set on the night fighter that was responsible 
for successfully lighting the liattle of Britain during 
the nights in the early months of 1941. 

Gee*.- -The Gee system does not depend on the 
reception of echoes but utilises the pulses and all its 
associated technique in a different way. It is said to 
be the most widely inslalle<l of all radar systems. 
With this system a night Hying aircraft can find out 
its position on the map with the accuracy of a few 
kilometres square at a distance of about 500 kilometres. 
I'hc principle on which the system operates is as 
follows. vSynehronous pulses are sent out from three 
suitably located ground stations. The aircraft carry- 
ing a pulse receiver and picking up these pulses can- 
not of course know its distance from any of the pulse 
senders. But the pilot can measure the time differ- 
ence of the arrival of pulses sent out from any one 
pair of the three senders which, in other words, is 
also the difference in distance between him and this 
pair of senders. He thus knows tlie particuiar hyper- 
bola, characterised by a constant distance difference 
from these two sending stations, on which he is. He 
can also, at the same time, find out from the time 
difference of the arrival of pulses sent out from the 
other pair of senders another characteristic hyperbola 
on which he is. The intersection of these two hyper- 
L'olas gives him his position on the map. The 
accuracy obtained with this system, as alreaily stated, 
may seem quite high, but even this was not found to 
be enough and the “Oboe'* described below was there- 
fore devised. 

Oboe . — In this system two ground stations send 
out pulses which are returned from the bomber carry- 
ing a device similar to the lin-*' set, whose delay 
time is very accurately known. The craft is so con- 
trolled by one of the ground stations A (to which it is 
constantly sending response pulses) that it flics in 
the arc of a circle round A, the radius of which is 
equal to the distance of the target to be bombed. 
The receiver at the pulse sender B knows its own 
distance from the target and can also measure the 
distance of the aircraft at every instant. The observer 
at B thus knows the distance of the flying aircraft 
from the target to be bombed at every instant and 
can appraise the aircraft the exact time at which it is 
over the target and is to release the bomb. The 
accuracy of bombing by the Oboe is said to be within 
200 metres at distances of about 300 kilometres. 


HI. and SLC . — The GL equipment using centi- 
metre waves was meant for controlling gun fire at 
unseen enemy targets such as aircraft or flying bombs, 
'rile precision of measurement of the range, bearing 
and elevation by this e(|nipnient is very great indeed. 
The accuracy far exceeds that of che guns them- 
selves and the data, when fed to the AA predictors, 
enable them to bring under successful fire, flying 
bombs during night time. In fact the success of the 
eiiiiipmeiit was so great that So to ioo% of the flying 
bombs ai)proacliiiig towards the coast were accounted 
for. 

The problem of “Blind h'ire“ was also solved 
with the helj) ot radar using i\5-inelie waves. 
Measurement of range of distant targets on land or 
at sea could be made with far greater accuracy than 
was possible by ordinary visual methods. This 
eiiormuiisly iiicreavSed the elfecliveiiess of artillery fire 
on land and on the sea. 

Radar controlled search lights also played a great 
part for defence against night raiders. With their 
help the c)perator could so direct the .search light as 
to illuminate the enemy aircraft while leaving the 
attacking iilane in the dark. The latter would thus 
get close to its kill and make surprise attack on the 
enemy without disclosing its position. With the help 
«)f ceiitimetric Radar a .search light can also be con- 
trolled in such a way that it automatically unmasks 
itself as soon as the target is in its line. This system 
is known as lilsic or SLC. 

W'e have in the preceding paragraphs dealt with 
the main landmarks of tlic development of radar and 
described the basic principles on which the system 
works. W’e have described how the wavelength has 
been pushed to shorter and shorter limits, from 

10 metres for tlu? coastal CH stations to 1*5 metres 

for the CHL stations to 10 cins. for use in small 

equipments to be carried in aircraft and such other 

appliances as the H2S, ASV, etc. It is now reported 
that the wavelength has gone down still further to 
3 cms. The useful application of these higher and 
higher freciuencies, hitherto unknown in radio 
engineering, deniaiidcd continued development of new 
methods, api>aratiis, circuits and technique. Success- 
ful solution of the many problems, novel and at the 
same time urgent was only possiVde by the wonderful 
teamwork to which we will refer presently. 

It is interesting to mention here that the use of 
centimetre waves has brought us back to the early 
days of Hertz, Lodge, Bose and Marconi when electro- 
magnetic radiation first began to be studied. We may 
recall here that Sir J. C. Bose performed very 
delicate experiments with waves even smaller than 
a centimetre (Fig. ri) to demonstrate the reflection, 
refraction and polarisation of the waves. Many of 
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these experiments are now being repeated for appli- 
cation towards practical ends. As a matter of fact 
some of the apparatus at present in use in some of 
the training laboratories are almost identical to those 
used by Bose in his experiments carried out half a 
century ago. 



Sir J. C. Bose’s Apparatus for okmon strati no propkrtiks 

OF CKNTIMKTRIC WAVES DICSK^NKO irAI.K A CENTURY AC.O. 

The box R houses a spark tranbiiiittcr generating 0*5 
centiinelre waves. S — spcciroineter table; M — plane 
mirror for reflection, C cylindrical imrror , P— semi- 
cylinder enclosing un airfilm to deiiioustrale total re- 
flection ; Q— total reflecting prism of porcelain ; P — 
collecting funnel attached to the receiver. 

It is interesting to note that Sir J. C. Bose used 
crystal detectors which have now again come into use 
and are considered to be the best detectors for micro- 
waves. A horn analogous to the funnel is also a very 
common feature in the most modern microwave trans- 
mitting and receiving equipments. 

(Adapted from a drawing in reprint of Friday Evening 
Discourse, Royal Institution, London, January 1897.) 


Radar Work in Othkr Countries 

While much work in the early stages and in the 
development of radar in its present form was done 
by British scientists it must be pointed out that the 
contributions of workers in other countries, parti- 
cularly in the U. S. A., were no less important. As 
a matter of fact it was the most intimate collabora- 
tion between British and American scientists under 
the pressure of war that made possible the successful 
development of radar within such a .short space of 
lime. Naturally the publication of all information 
regarding the work done on radar in other belligerent 
countries was restricted at the outbreak of war and 
the years just preceding it ; but from whatever scanty 
information was available before the war, it is evident 
that investigations on the technique of radio-loca- 
tion were in progress in France, Germany, Italy 
and Russia. B'rance perhaps is the first country 
to have made public the practical use of radio- 
location by fitting on board the “Normandie*’ an 


"obstacle locator’ v\hich would locate a coast-line 
from a distance of about 20 kilometres and large ships 
and icebergs within a range of 6 to 7 kilometres. It 
is interesting to mention here that this device made 
use of centimetric waves (16 cins.) and parabolic 
reflectors both tor the transmitting and receiving 
aerials and may be considered as the true forerunner 
of the modern lenlimetric radar. In Germany, the 
Telefunken Company was engaged in the develop- 
ment of various devices for radio-location during the 
years preceding the war. In Italy also some inves- 
tigations on the radio-location of ships and aircraft 
were being conducted at the same time. 

In the U. S. A., experimental investigations on 
the radar technique were started in the Naval 
Research Laboratory at the time when the British 
scientists were engaged in similar work. The 
first practical aid to flying based on the principle of 
radio-location was developed at the Bell Telephone 
Laboratories in the lorm of an aircraft altitude 
meter. Since 1939, these laboratories in close colla- 
boration with Western Llectric Company and the 
Radiation Laboratory under the National Defence 
Research Committee have played an outstanding part 
in the design, development and iiroductioii of radar. 
Special mention must also be macle in this connection 
of the development of the klystron, which, though 
invented just before the war, was perfected by the 
Varian brothers during the war in the Stanford 
University. This new type of valve utilising the 
velocity modulation principle and a cavity resonator 
has been successfully used as the local oscillator for 
generating very high frequency oscillations required 
for the superheterodyne receivers of the radar 
equipment. 

The extent of radar development in the U. S. A. 
and its applications during the war may be gauged 
from the fact Oiat up to the middle of this year 
approximately $2,7oo,()00,oco worth of radar equip- 
ment had been supplied to the Army and Navy. 
Nearly 100 different varieties of radar, each meant 
for a special purpose, were designed and produced 
in tlie U. S. A. alone ; the largest unit weighs more 
than 30,000 kilograms and consists of near-about 
400 valves while the smallest unit may weigh 50 kilo- 
grams- having a complement of 70 or 80 valves. 


The Lessons of Radar 

The phenomenal development of Radar or the art 
of radio-location within the short space of seven or 
eight years teaches many lessons which should be 
l>ome in mind by every nation planning for progress. 
Firstly, it has shown the value of collaboration 
between scientists with wide outlook on the one hand 
and military authorities on the other. It has led to 
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development of weapons of unprecedented military 
value in entirely novel directions. Such collaboration 
is no doubt a l)uld departure from the age-old tradition 
of the military department. But the results derived 
therefrom have clearly shown how wasteful from the 
national point of view had been its lack in the past. 

The second lesson is that of the value of team- 
work between scientists of different groups. A 
devoted band of workers, each attacking a particular 
aspect of a problem but w^orking in close collaboration 
with others, can solve a problem in months which 
would otherwise take years. One of the authors of 
this article had the opportunity of attending the 
meeting of a panel set up for the study of micro- 
wave propagation during the w^ar. There were about 
20 workers on the panel consisting of physicists, 
inathematicians, electrical engineers, radio technicians 
and meteorologists. I{ach of the members had under- 
taken to study closely a topic which is related to his 
own line. The contributions from all these workers 
when co-ordinated helped to arrive at a solution of 
the problems within the shortest possible time. 

Thirdly, the success of radar serves as a forceful 
illustration of the fact that a country in order to be 
militarily efficient must have its industries in all 
branches highly developed. The researches conducted 


require at every step specialised apparatus and 
inqjrovements on existing ones. And these can 
be supplied by the industries concerned only if they 
are highly developed. i urther, there is always a 
big gap between the exi)eri mental development of an 
equipment in the laboratory and its large scale factory 
production. Only in a highly industrialised country, 
with the industries whole-heartedly co-operating with 
the research organizations, can the quickest and most 
fruitful results be achieved. 

Fourthly, behind all these efforts must be the 
fullest and most liberal backing of the State. This 
is a fundamental necessity and if in peacetime results 
anywhere comparable to ihose achieved during war- 
time are aimed at. State aid is imperative. 

Hut, perhaps the greatest lesson of radar is the 
indispensability of the presence in the country, 
whether in peace or in war, of a large body of inde- 
pendent scientific workers of wide outlook and 
flexible mind. Such men should be allowed to pursue 
their own lines of study and methods of attack rather 
than regimented for tackling problems which need 
immediate solution.* 

* One of the aullnirs (J. N. U.) is inilcl>U;d to the 
Director, Scientific and Industrial Researcli, for kindly per- 
mitting him to collaborate in the preparation of this article. 


RIVER TRAINING IN U. S. A. 
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Or Water and Mountains 

jWEXT to the soil, the most important resource of 
a region is its w£fter. All the water on the 
earth falls from the heavens, but the heavens 
frequently do not drop it where it does the most 
good. The rich prairie withers under the water- 
hungry sun while the craggy mountain tops arc 
drenched in rain and buried under snow. In this 
natural drama the mountains are at once the great 
oppressors and the great benefactors. They shield 
the adjoining valleys, for example, from the freezing 
winds and kecf) them warm and sunny and fertile. 
But they are so high that they catch most of the 
moisture in the damp winds blowing in from the 
ocean and leave little for the valleys below. Even 
in the spring, when the snows on the mountains melt 
and the rivers carry the water away to sea, little is 
left for the valleys. Such has been the story of so 
many watersheds on the surface of the earth. And 
it is man who has made the story different. Man 
has simply caught the water in the mountains and 
stored it behind dams. A dam is essentially 


for holding back water during the wet months 
when it is not needed downstream and release 
it when most needed. During this release of water 
It will develop power, it will aid navigation and 
flood control. This is the Urst picture that strikes 
the eye when considering a storage plant. However, 
its significance is deeper still when the more fimda- 
iiientai purposes in the development of an entire 
watershed are understood. Development of a 'yard- 
stick’ by which to measure the cost of generation 
and distribution ui electricity and to hud ways to 
widen its use is but one of the aspects of the scheme. 
The development of new and better forms of 
fertilizers or plant loods is another vital one, the 
problem of stopping the erosion of the soil is another ; 
ihe maintenance ot a proper balance between agri- 
culture and industry to avoid stagnation of either in 
the future is a fourth ; the reforestation of wide areas 
which are .sub-marginal is another. And there are 
many more. All, however, have a comnion aim — the 
utilization of the resources of an entire watershed 
so that the burdens of life are reduced to a miiiinium. 
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All arc iiicx()ral)l\ bound together if the common 
aim is to be achieved ; and all imi>st be retained in 
one’s mental background when ctuisidering the real 
importance of any such project as that of the River 
'rraining and of the damming of any important 


Thk Upper Mississipi'i 

Extending from the Atlantic States to the Great 
Continental Idvide and from Canada to the Gulf of 
Mexico, the drainage basin of the Mississippi River 



Fig. !. 

How M\N INTEKKBRKS WITH WATER \NI> MOCNTAIN. 


watershed. It should be particularly borne in mind 
that these tlams are monuments not so much to 
man’s engineering and construction skill as to his 
genius for improving on Nature. Without them the 
West wouhl never have been so golden. 

Many nations and regions, like many individuals 
are born ambitious and grow ui) expecting to conquer 
the world. Not so many achieve the greatness 
potential in their talents and circumstances. Their 
critical test comes when they are called on to meet a 
challenge to their old existence, to overcome a com- 
bination of forces they did not create. Looking over 
to U. A., we come across volumes of evidences 
leading to the acceptance of such brave challenges. 

The present article has been compiled with a 
view to show to the readers the extent to which the 
Americans have been successful in this direction so 
far as the training of their important rivers are con- 
cerned. The mai) showing the river systems in 
. vS. A. has been presented here for the interest of 
die readers. 


includes an area of 1,240,000 sep miles and covers 
41 per cent of the llnited .States an area ecpial to 
2' 2 per cent of the entire surface of the world. 

The rpper Mississippi embraces so much of that 
stream as lies northward of the i)oiiit where the 
Missouri meets the ‘Father of waters’, a few miles 
above St. Louis, and there were considerable stretches 
of the river having a depth of 4 ft. only. Boats 
drawing more than 4 ft. could not navigate during 
low water stages. The up bound and down bound 
freight was usually transhipped at St. Louis ; this 
entailed loss of time and increased cost. Further 
the prolonged jicriods of exceptionally low water in 
the Upper Mississippi revealed that simple dredging 
in some sections and constructing contraction works 
ill other sections (this latter operation tends to in- 
crease the speed of flow and thus automatically 
prevent silting up and formation of obstruction bars) 
would not make a successful channel for navigation. 

In the Upper Mississippi Valley Minneapolis and 
St. Paul — familiarly known as the ‘Twin cities'— 
occupy a strategic position in relation to the con- 
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ligiious and neighbouring vStates which to a large 
extent arc essentially agricultural in their productive 
activities. When not hampered by drought and 
other unseasonable conditions, Montana, North 
Dakota, South Dakota and Minnesota grow annually 
a billion and more bushels of grain. Save for the 
outlet at Duluth, a port in Lake Superior, this 
immense region— which has the combined expanse 
of C'.ermany, France, Italy and the British Isles— is, 
for all practical purposes, land locked. Using Duluth 
as a port of outlet the grain merchants hopelessly 
failed to seek a competing market abroad. Had the 
Mississii)i)i River been available for a trunk line 
service, the Twin cities and other communities would 
be able to ship bulk cargoes through to i\ew Orleans 
and would thus be placed <1irecllv in touch with 
ocean going craft without breaking cargo between 


numerous villages and small cities ; their industrial 
development lie along the shores just out of the 
reach of high water. The tracks of sonic iiarallelling 
railroads are similarly but little above flood levels. 
Moreover there are rich farm lands lower down on 
the ui)per river that are protected from innundation 
by dykes or levees having their bases always sub- 
merged so that seepage on Ui cultivated areas nece- 
ssitated almost continuous pumping. The engineers 
overcame these difllculties Iw the improved technique 
accpiired during recent times I'hey fixed upon tyT>es 
of dams that would raise the natural Hood level of 
the river at no point more than 12 inches lest ]>roperty 
damage be prohibitively great. I'liey used dams of 
just sufficient height to impound enough water to 
provide a minimum channel deptli of (> ft. consistent 
with the changes in the Poo(l level of as much as 



Rivers in V . S. A. 


the shipping point and the Louisiana sea port. And 
the only feasible solution of the problem came from 
the U. vS. Army luigineers who recommended in 
1031 to canalize the river througlioul the section in 
(juestion covering a length of 650 miles by creating 
27 pools upstream wdth an equal number of dams 
which have, with two exceptions, locks no ft. wide 
and 6no ft. long. The purpose of such Large locks 
is to permit a tow-boat and its group of bargers to 
pass through a lock without altering its formation, 
i.t\, without losing time in splitting up. 

But the Ut)per ^lississiiqn ])resented physical 
difficulties for the execution of such a plan. The 
river valley is generally broad and flat. At flood 
stage the surface of its water varies in breadth from 
half a mile to two miles ; along the banks on each 
side of the stream and just above flood level are 


iS to 21 ft. on the river. Frovisioiis for the avenues 
<»f escape of the tremendous vfdnincs of flood water 
in the form of spillways and spillway gates per- 
mitting the normal regulation of the river for navi- 
gational ])Urposcs are made. The spillway gates are 
also patterned to free themselves from iee in contact 
with them and to withstand the pressure of large 
bodies of such ice which are carried downstream 
during the winter months. These gales could be 
oi)ened promptly to allow ice to e^'ape instead of 
forming disastrous jams. 

Besides the traiisportalioii of agricultural products 
from tlie Tw'iii cities the navigable channel allows 
the coal and steel companies whicli, before the said 
canalization of the lTppc?r ^li.ssi.ssipia, (j])erated fleets 
of barges between the Pittsburgh District and the 
coal mines adjacent to the dhio River to send their 
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commodities to the Twin cities and to other points 
on the upper valley. In fact the valley which was 
earlier almost exclusively devoted to agriculture is 
transformed into a region engaged in different forms 
of industry and enjoys a balanced economic life. 

Tiik T owkr Mississippi 

This is noted for its frequent but devastating 
Hoods. The I ower Mississippi is that part of the 
‘heather of Waters* that has cut a devious and chang- 
ing course through a great alluvial valley that extends 
from Cape Girardeau, ^Tissouri, southward to the 
Gulf of ^Texico with a winding channel way of 
nearly t,too miles. The river with its tributaries 
draws from an watershed of about 1,250,000 sq. miles 
area. W’hcn a large percentage of the run off from 
this vast watershed is free to flow into the main stem 
of the system, the discharge in the Ghlf of Mexico 
is as much as 2,850,000 cusecs. All this water 
escapes by what is, in effect, the small end of a 
funnel where the velocity of flow is highest because 
of the constricted area of the passage. Collected 
data for the occurrence of overflowing high water 
established the fact that severe floods occur in the 
Lower Mississippi on an average o\ every 2*8 years. 
And how to save the people from these flood havocs ? 

The French, who founded New Orleans towards 
the first quarter of the i8th century, first built a low 
levee (embankment) along the river .side. This levee 
system has been gradually developed to keep the 
river within bounds ; prior to the flood of TQ27 nearly 
21,000 sq. miles of the basin was being protected in 
this manner from flood waters with of course oc- 
casional breaches in the levees which were rebuilt 
subsequently to an increased height so as not to be 
overtopped by the river at the crest of a futtire flood. 
The system has thus mounted up successively, and, 
as each new level was reached, the belief was fostered 
that the system as a whole was high enough and 
strong enough to meet any likely maximum flood 
stage. But effective as levees are in many respects, 
they are not a cure all for flood evils. Time and 
again the levees liad been breached and extensive 
areas had been inundated by the flood waters of 
1927. These facts combined with a very critical 
analysis of all available data led the Army Engineers 
to plan control work with a safety margin even for 
the flood waters to attain a stupendous flow of nearly 
">,000,000 cusecs. They raised the crest.s vof the 
primary system of levees 3 ft. higher than they were 
in ic). 27 and instead of placing entire dependence 
upon levees to hedge in flood waters the experts 
offered 'channels of relief* to the river side. These 
flood ways would detour the excess water above a 
given flood level while the main levees would guide 
the major volume of the total flow safely onward to 


the sea. Thus the Atchafalaya on the west with 
its adjacent low lying territory is used for one such 
flood way. The Bonnet Carre spillway on the east 
bank of the river about 40 miles above New Orleans 
is another the water from which flows into Lake 
Pontchartrain. Upstream of Vicksburg adjacent to 
the confluence of the Mississippi and the Yazoo rivers, 
there is also created a back water area of floodway. 
Three other back water reservoirs on the west side 
in Arkansas and Louisiana accommodate temporarily 
excess flood watei's and feed them back into the main 
stream as the flood level drops down. The defensive 
barriers set up are counted up on to protect 12,000,000 
acres from overtopping waters ; the flood ways and 
the back water areas together provide emergency 
relief basins having a total expense of 8,000,000 acres. 
The floods in the T.owcr Mississippi is being con- 
trolled successfully in this manner. 


The Missouri River 

The Missouri river covers a length of 2,500 miles, 
a total fall of 3,630 ft. and drains an area of 
528,800 sq. miles. Almost throughout its course the 
river is a typical alluvial stream characterised by 
instability of channel, relatively steep and frequently 
changing slopes, easily eroded bed and banks, and 
an enormous tiuantity of suspended materials and 
bed sediment. This is why the river has become 
familiarly known as the ‘Big Muddy* and this Big 
Muddy fluctuates greatly in the volume of its flow. 
At low water stage it discharges as little as 12,300 
cusecs while the maximum outpouring at flood stages 
is nearly 546,000 cusecs with a resulting variation 
in the height of the river from r6 to 38 ft. according 
to weather conditions. 

During the last 30 years or so, many millions of 
dollars was spent in improving the river between its 
mouth and Kansas city, a distance of 388 miles and 
in turning out from this a fairly stabilized channel 
having a general depth of 6 ft. at low water. But 
the need of a channel with a depth of 8 or 9 ft. and 
its exten.sion from the mouth of the river to the 
Sioux City, Iowa, a stretch of 768 miles, was felt 
strongly because of the fact that such a channel 
would then permit an annual movement of about 
12,000,000 tons of freight at a saving of something 
like I dollar a ton. Now to keep such a channel 
supplied with water at certain low stages, a part of 
the spring floods must necessarily be conserved and 
released in sufficient volume to make up deficiencies 
during other seasons. This is achieved by the Fort 
Peck reservoir above the Port Peck Dam in the 
north-eastern Montana with a capacity of 19,500,000 
acre feet of uater which feeds the said navigable 
channel. The Army Engineers Corps., U. S. A., 
however, had a project of making four reservoirs ol 
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such large capacities so as to stabilize the Missouri 
River and to reduce its ravages when in flood. 

A short description of the construction of the 
Fort Peck Dam, the largest of the four, will be rather 
interesting to know. The great majority of modem 
dams of large size are of masonry construction and 
commonly built of concrete ; but all such dams are 
usually set on solid rock or else supported by piles 
that are driven far enough into an underlying for- 
mation to provide the requisite stability. The pre- 
vailing depth of the alluvial overburden resting upon 
the underlying shale made this common procedure 
impracticable at Fort Peck. What the Army 
Engineers did in this case was to erect a monster 
bulwark of earth out of the very mixture of sand, 
gravel and clay that the river liad deposited over a 
considerable length of time ; these were dredged and 
pumped into the site for the dam to build up the 
massive impounding barrier to directly thwart the 
normal flow of that very river. On the whole lo* 
('ubic yards of earth was consumed by the dam and 
ways and means employed for its construction 
established new records of engineering performance. 

Unitkd States Department op the Interior 
Bureau op Reclamation 

Speaking on Reclamation’s contribution to the 
Nation, John C. Page, Commissioner of Reclamation 
says,— 

‘Tt is true that the U. S. could have become a 
great nation without irrigation, for two-thirds of its 
territory is humid. Rut it never would have become 
so great a nation as it is today without the 20,000,000 
acres of irrigated land in its Western vStates. The 
economic destinies of more than 13,000,000 people 
in this arid region and great cities, such as Los 
Angeles, Phoenix, Salt Lake City, and Denver, rest 
upon farming by irrigation and the industrial growth 
made possible by conservation of water. . . . To-day 
it has a great construction program, the largest in 
the Bureau’s history, which will provide water to 
about 2,500,000 additional acres, transforming them 
from sagebrush wavStes into productive farms that 
will support millions. This will bring to 5,000,000 
acres the total of new lands the Bureau has watered.'’ 
At present the Reclamation represents, — 

(t) Homes, livelihood for 900,000 persons, 

(ti) $icx),ooo,ooo annual yield of crops, 


(in) $200,000,000 market for industry, 

(iv) 3,000,000 irrigable acres, 

(t) 50,000 irrigated farms, 

(vi) 250 cities and towns, 

(vii) 145 dams and 83 reservoirs, 

(vni) 20,000 miles of canals, 

(ix) 200,000 irrigation structures, 

(x) 23 power plants, 

(xi) Conservation of 60 million acre-feet t.e., 

20,000 billion gallons of the arid West’s 
valuable water for 

(a) Irrigation (c) Power 

(b) Flood Control (d) Recreation. 

The engineering research laboratories of this 

Bureau in Denver represoni a considerable invest- 
ment for plant, equipment, instruments and special 
apparatus, with an operating force of about 130 
engineers, scientists, laboratory technicians and 
mechanics, all specially trained in engineering in- 
vestigation and testing techniques, while the indi- 
vidual laboratory groui)s considered separately are 
not particularly unusual as compared with other 
similar laboratories, the several units in combination 
form a versatile and experienced organization for the 
solution of a wide diversity of technical engineering 
problems. Selection and utilization of the most 
suitable materials for engineering purposes, pre- 
determination of the adequacy of engineering designs 
and of the suitability and applicability of construction 
or fabrication methods, lo the end that structures, 
equipment and machinery may be designed, built 
and operated to function as intended, are among the 
general problems with which the laboratories are 
most frequently concerned 

The Bureau’s Denver Laboratory include : 

(1) Hydraulic Laboratory, 

(2) Earth Materials Laboratory,' 

(3) Microscopic Laboratory, 

4) Machinery and Metals Testing, 

(5) Concrete and Concrete Materials Labora- 

tories, 

(6) Chemical Laboratory, 

(7) Paint Laboratory, 

(8) Photoelastic Laboratory, 

(9) General Engineering Investigation Labora- 

tory, and 

(10) Shops. 

(To he concluded) 


SCIENCE AND 

AM reminded of a cartoon which I recently saw, 
wherein Victory is asked, “Where is Peace?” 

•^Adapted from the address deltvero<l by Mr (i. L. 
Mehlii as the Chief Guest at ihu Ifiith animal meeting of 
the Indian Science News Association, held at the rniver- 
sity College of Science, Calcutta, on 12th September, 1945. 


HUMANITY* 

And she replies, “Peace is a war casualty.” Today, 
although the war has ended and there is what is 
ordinarily called peace in the world, there is neither 
a sense of security nor a sense of rejoicing in men’s 
minds. For, as Lin Yutang has remarked, there can 
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be no peace in the world unless there is peace in our 
hearts. 

The ordinary ninn has been thrilled, awed, 
bewildered and is now oven frightened of science, 
especially after the invention and use of the atomic 
bomb. It has been a shock to moral conscience and 
it is sad to conlcniplatc, although that is the least 
part of its horror, that very nearly 70 crores of rupees 
were spent on research of this destructive weapon. 

During this war, there have been remarkable 
and epoc-rnaking scientific discoveries and inventions 
like radar and penicillin, and great developments in 
several directions such as plastics, alloys and light 
metals. But modern civilization has also given us 
the blessings of air-warfare, poison gas and torpedo- 
ing, which are equally the fruits of science. Science 
is like the Hindu Trinity of Brahma, Vishnu and 
Mahesh. It can iTeate, it can nourish and it can 
destroy. It is the healer and destroyer in one. 

Science produces the means, some of which are 
indeed essential for pnigrcss. Witness the advance 
in W’estern countries in respect of hygiene, sanitation, 
public health, engineering and electrical develop- 
ments. Science is also the product of the Promethean 
madness that leads the greatest men to strive to 
become gods. But science, we should never forget, 
does not determine values for us or show us the ends 
of life. Science is an instrument. But in the 
modern world the power of science even as an instru- 
ment has become tremendous. To the typical modem 
mind, nothing is interesting on account of what it is, 
but only on account of what it may be made to 
become. The important characteristics of things 
from this point of view arc not their intrinsic qualities 
but their uses. Kverything is an instrument. If you 
ask what it is an instrument to, the answer will be 
that it is an instrument for the making of instruments 
which will in turn make still more powerful instru 
ments and so on ad hifinitum. In psychological 
terms this means that the love of power has thrown 
aside all other impulses that make the complete 
human life. 

Our age is one which increasingly substitutes 
power for the older ideals and this is happening in 
science as elsewhere. vSeience as an instrument of 
power rather than as a method of arriving at truth 
is what appeals to the modern mind. What is 
dangerous is power wielded for the sake of power 
and not for the sake of genuine good. The leaders 
of the modern world, says Bertrand Russell, are 
drunk. with power. The fact that they can do some- 
thing that one previously thought it impossible to do 
is to them a sufficient reason for doing it. Power, 
surely is not one of the ends of life but merely a 


means to other ends. But until men remember the 
ends that power should subserve, science will not do 
what it might and can to minister to the good life. 
Science, in other words, as pursuit of power must 
not obtrude upon the sphere of values. The world 
governed by knowledge without love and by power 
without delight would be a terrible world — a world 
r)f robots, of mechanical triumphs. Indeed, it is 
doubtful if such a world would even ultimately 
survive. 

There are indeed fundamental contradictions in 
the civilization of the W^cst. They build sky- 
scrapers and then construct deep shelters far below 
the earth where they live. They even propose to 
build factories and towns under the ground for pro- 
tection against atomic bombs. They have dazzling 
lights which turn night into day and then have 
gloomy black-outs for years. They have wonderful 
hospitals, children’s homes, schools and sanatoriums, 
and they destroy them without pity or remorse. In 
the next war, it is evident that the side which secures 
the first blow will win. The idea of a ‘‘front** has 
become as old-fashioned as bows and arrows. People 
will not have to go to war ; war will come to them. 
This mass murder is called war. But a good end if 
it cannot be achieved without wholesale slaughter 
cannot be achieved at all. 

It was suggested at the last meeting of the 
British Association Conference early this year by 
Prof. Mackintosh, a Dean of the London School of 
Hygiene and Tropical Medicine, that science had 
been loo long the Genie of the Lamp and now ought 
to try to be the Aladdin. Since these words were 
uttered, Hiroshima and Nagasaki are a reminder of 
what the Genie is capable of when the Lamp is 
rubbed the wrong way. The question is, “Could 
the (*enie be turned out, and Aladdin be trusted to 
rub it the right -ay?** The Genie at least ought to 
be consulted before the Lamp is rubbed. It was even 
suggested by I.ord Woolton who was then the 
Minister of Reconstruction that the Genie might not 
rub the Lamp but it could apply the brasso 1 Unless 
the men of science recognize their vital obligations 
to the community and are inspired by a moral pur- 
pose, science cannot expect to save mankind. 

It is certain, however, that the experience gained 
in war of using not only the results of scientific 
research and inventiveness, but the scientific approach 
to the wider problems is indispensable to the solution 
of the problems of peace. We must have a right 
conception of the ends of life. Man is becoming so 
strong that unless he becomes wise he will perish, 
'fhe West must imbibe some of the wisdom for which 
it despises the East. 
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60TH BIRTH-DAY OF PROF. NIELS BOHR 

Os October 7, 19/15, I rof. Bohr completed his 
Ooth birth day. In view of the adverse times it has 
been i)0ssible to celebrate the occasion only by the 
issue of a special number of the Reviews of Modern 
l*hysics (April-July 1945) to which scientists of many 
nations from the three continents have contributed, 
as e-xpressions of their individual debt and gratitude 
to Prof. Bohr. Prof. W. Pauli was entrusted with 
the collection of papers and the editorial work. In 
an introductory paper, Pauli gives an account of the 
general development of the fundamental concepts of 
the quantum theory of the structure of atoms with 
which Bohr’s name wdll always remain associated. 

We (luote the following from the introduction : 

“Professor Niels Bohr’s doth birthday, on Octo- 
ber 7, 1945, is not only his private personal day of 
celebration, but a day of observance throughout the 
scientific community of physicists. 

“While many outstanding scholars of all times 
Iiave obtained their fundamental insights in solitary 
labour secluded from the world, Niels Bohr, thanks 
to his inspiring personality, has gained contact, in 
liroportion as his scientilic work grew and shaped 
itself, with an ever-increasing number of people 
among whom he found many collaborators and 
i)upils. After two decisive years in Rutherford’s 
laboratory in Manchester, he returned in 1916 as a 
l)rofessor to his birth-place, Copenhagen, where in 
1 920 the ‘Institut for Teorctisk Hysik’ was founded. 
Soon this institute made Copenhagen attract scientists 
from all parts of the planet as the ‘Capital of Atomic 
Physics’. As director of the laboratory which was 
attached to the institute, Bohr found an opportunity 
along with his main theoretical work, to supervise 
experimental research in which he had been taking a 
keen interest since his early youth. The discovery in 
this laboratory of the element hafnium by Cosier and 
Hevesy was the result of a close collaboration between 
theoretical and experimental research as well as 
between physics and chemistry, which, in Bohr’s 
theory of atomic structure, were for the first time 
founded upon common principles. As Bohr’s theory 
united distinct branches of science, Bohr himself 
integrated in lectures at international congresses and 
at those carefully planned conferences in Copenhagen, 
the diverse scientific standpoints and epistemological 
attitudes of the physicists, and thereby imparted to 
all participants in those conferences the feeling of 


belonging, in spite of all their dissensions, to one 
large family.” 

In a letter to a colleague with whom he bad 
correspondence on the desirability of re-establishing 
an ethical code for scientists, vvliich was seriously dis- 
rupted in the period extending from the first to the 
second world war liiiistein wrote, “It is really quite 
right that you intended the office of High Priest in 
this respect to be taken up by Bohr. For there is 
some hope that he might in this way distract the 
sacerdotal side of his soul from physics and use it 
otherwise”. 

We associate ourselves with the worldwide 
tribute paid to Prof. Bohr and we hope that he may 
long be spared to guide the. Institute for theoretical 
physics in Copenhagen, which will become not only 
again the ‘Capital of Atomic Physics* but also of the 
border land region of Physics, Biophysics, and 
Psychology where the principle of indeterminacy 
reigns. 


TWENTY EIGHTH ANNIVERSARY MEETING OF 
THE BOSE INSTITUTE 

The 28th anniversary meeting of the Bose Insti- 
tute was celebrated on 30th November 1945, when 
the sevenih Sir J. C. Bose Memorial Lecture on 
Tnduced Adaptability in Plants* was delivered by 
Dr P. Parija, Vice-Chancellor, Utkal University. 

The Lecturer paid a warm tribute to Sir Jagadish 
Chandra Bo.se, tlie great Indian pioneer in scientific 
investigation, whose abiding interest in the study of 
l>lant response has greatly widened the bounds of our 
knowledge. 

Turning to the subject of his lecture, he gave an 
account of the fine adaptations of plant organisms to 
tlieir surroundings, how plants adjust themselves to 
dry situations, aquatic habit and so on. Examples 
of common jjlants sucli as mosvses growing on walls, 
the water hyacinth, etc., were given as illustrations. 

lie then discussed the origin of these adapta- 
tions. Adaptations can be explained as the result of 
natural selection on variations or mutations. As to 
the origin of the variations or mutations, the lecturer 
favoured the view that these were brought about in 
response to external stimuli. 

In support of this view, experiments on photo- 
periodism, vernalization and pretreatment were cited. 
By such treatment plants are made adaptable to con- 
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ditious under which they would not have otherwise 
grown. 

Similarly treatment with X>rays and certain 
chemicals and heat treatments bring about heritable 
mutations such as polyploidy and gene mutations. 
Such mutations occur in nature and it is presumed 
that they must be originating in response to external 
stimuli. Once the variations are produced, natural 
selection would come into operations and the fittest, 
i.e,, the most adapted to the surroundings, would 
survive.* 

After referring to the 50tli anniversary of the 
communication of his first paper to the Asiatic Society 
of Bengal by Sir J. C. Bose (an account of which has 
already appeared in the December issue of Sciawca 
AND Culture), the Director gave an account of the 
important plant physiological investigations of the 
Founder which were being followed up with improved 
technical appliances available now. The active sub- 
stance discovered by Bose in the motor organs of 
sensitive plants has now been identified as crocin, 
which has been found in motile fiagella of the alga 
Chlamydotnonas by Kulin in 1937. As predicted by 
Bose, this substance is an unsaturated carbon com- 
pound and belongs to the carotene group. The trans- 
mission of excitation due to stimulation in Mimosa, 
as investigated by Bose, and also his investigations 
on the ascent of sap in plants, both of which have 
given rise to controversies, are being continued by 
newer methods, including the use of radioactive trace 
elements. 

Referring to other investigations carried out in 
tile Institute, attention was drawn to the investiga- 
tions which have been going on in the Institute for 
over two years, on the spontaneous fission of uranium 
nucleus, preliminary account of which were published 
last year in Sciencic and Culture. A great deal of 
interest has been recently attracted to the application 
of neutron induced fission of uranium, due to its 
utilization for the making of atomic bombs. If suffi- 
cient funds are made available, the Institute can 
undertake investigations on the industrial applica- 
tions of the uranium fission process. 

On the applied side investigations have been 
directed to the production of new varieties of jute 
with desirable economic properties by the irradiation 
of seeds with X-rays and neutrons. Favourable re- 
sults have already been obtained. Similar investiga- 
tions have been started with moulds and fungi of 
medical importance like Penicilliuin and yeast. 

Retting of economic fibres like jute, coconut, 
hemp, ‘flax etc., with enzyme complexes isolated 
from moulds and bacteria has been successfuly in- 

♦ We shall publish the text of the lecture in a future 
issue of SasNCB and Cui^turb. 


vestigated. Samples of such enzymes have been 
supplied on request to the Ministry of Supply, 
England, for trial retting of flax. The process of 
bacterial retting has been tested under industrial con- 
ditions in a mill, for the processing of jute root- 
cuttings for the purpose of spinning and weaving of 
jute cloth. It has elicitated favourable reports both 
as regards the cost of the process and the strength 
of the cloth woven from them. Other investigations 
deal with the breeding of long stapled cotton suited 
for cultivation in Bengal, by selection and hybridiza- 
tion from pure strain seeds obtained from Coimbatore 
and Lyallpur. 

Vernalization and photoperiodic treatment of 
Indian cereals like rice and wheat with a view to 
l)roducing early ripening were continued successfully. 

The Institute is receiving grants-in-aid from the 
Central Government, Bengal Government, B. S. I. 
R., Central Jute Commitlee, the Bengal Immunity 
Co. and the Ray mas Corporation for investigations on 
nine different projects including those of cinchona, 
cotton, jute and medicinal yeast, construction of 
neutron hiuI ultrasonic generators, and glass. 

CONTROL OF ATOMIC ENERGY 

The following extract of a letter from Dr 
Alexander King, British Kinpiiv Scientific Liakson 
Officer, Washington, to vSir S. S. Bhatnagar, which 
expresses the g^rave concern of the American scientists 
over the proi)Osed domestic control of atomic energy, 
will be read with great interest ; 

“Scientists in the I’niU'd vStates and particularly 
tho.se who have worked on the atomic bomb and on 
certain other j)n)jects of great de.stnictive potential 
are most concerned with the proposals, now before 
Congress, for the domestic control of atomic energy 
and are dismayed by the absence up to the pre.seul 
of any signs that the leaders of the American people 
are aware of the dangers inherent in the present 
situation. Accordingly, scientists engaged on these 
particular developments have organized themselves 
into groups to discuss how to impress on the people 
and its leaders the unprecedented gravity of the crisis 
in wdiich humanity now finds itself ; these loail 
groups have not been organized by individuals with 
any particular political or sectional interest, but 
result from a spontaneous recognition of the respon- 
sibility which scteiilisls have to bear in virtue of their 
.superior kiiowdedgc of the realities of the situation. 

“Groups of this type, formed at the Oak Ridge, 
Los Alamos, Chicago and New York atomic bomb 
laboratories, are already extremely vocal and active. 
At the Oak Ridge Research and Development Labo- 
ratory some 90% of the scientists appended their 
signatures to a preliminary ‘^Statement of Intent'', 
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and I am given lo tmderstand tliat this figure may 
be taken as rei)rcSc‘ntalive of all the atomic bomb 
laboratories. A similar organization has sprung up 
at the Allegany Hallistics Laboratory and includes 
almost a hundred scientists, only three workers of the 
laboratory being unwilling to sign a statement of 
opinion. In addition, other groups of scientists not 
engaged on researches of military importance, but 
holding the same views, arc springing into existence. 

“At an informal meeting held this week between 
representatives of the Allegany and Oak Ridge 
groups, discussions look place on how to form a 
national and, if possilde, an international association 
of scientists for the purpose of bringing to the atten- 
tion of all governments the necessity of placing atomic 
energy developments exclusively in the hands of a 
World Organization. It emerged from the conversa- 
tion that both groups were acting from the same 
motives -fear of the immediate physical consequence 
of an armaments race in the atomic age, fear of the 
destruction of civilization and of the best fruits of 
the human sinrit, fear that science might be shackled 
by security and other regulations and enfeebled by 
its prostitution to nationalistic military ends. 

“It should be realized that these views in the 
United States are not confined to the younger 
scientists ; on the contrary the elder statesmen of 
science such as Einstein, Bush, Arthur and Karl 
Compton, Franck, Urey and many others have speci- 
fically expressed their belief that scientific knowledge 
must be free and that atomic energy developments 
should be made the monopoly of some World 
Organization created for the purpose and possessing 
inspection and police powers over the whole earth. 
Being acutely aware of the urgency of the situation, 
the American grcnips feel that scientists must now 
and henceforth lake a lead in these matters, and I 
have been asked to make informal approach lo a few 
scientists in other countries to ascertain their opinions 
on the international control of atomic power and of 
the necessity or otherwise for preserving the freedom 
of science.** 


DECIMAL SYSTEM FOR GREAT BRITAIN 

• i* I ’ 

In a letter recently addressed lo the secretary of 
the Indian Decimal Society, Calcutta, which has 
been communicated to us, Mr Harry Allcock, chair- 
man of the Council of Decimal Association, director 
of the Manchester Chamber of Commerce and vice- 
president of the Federation of British Industries, has 
drawn attention to a movement that has been set a 
foot in Great Britain for decimalization of coinage, 
weights and measures. On the 12th October last, a 
conference was held under the auspices of the 
Manchester Chamber of Commerce, at which over 100 


chambers were represented. The resolution which 
was adopted by a \ ery large majority ran as follows ; 

“Having regard to the vital national importance 
of export trade exiiansioii and to the consequential 
need for the improvement of our trading methods by 
all available means, the Association of British 
Chambers of Commerce considers it essential that 
British traders should employ a decimal system of 
coinage and the metric system of weights and 
measures, of which the higher efilciency, as compared 
with the P.ritish systems, has been so amply demon- 
strated in so many countries for so many years. In 
view of the technical nature of these proposals, it is 
suggested that the (»oveniment should set up an 
appropriate committee (or committees) to recommend 
the most convenient means of securing the desired 
objects.** 

It is further stated that the International 
Chamber of Commerce has officially lecommeiided 
that all systems of weights and measures other than 
the Metric System be abandoned. Similarly the 
International Business Conference at Rye, New York, 
attended by represeiitatixes of 52 nations resolved 
that 

“there should be adopted for use in inter- 
national trade a single .sNstem of weights and 
measures — ^preferably the Metric System.** 

These developments lend further strength and 
justification to the decimalization of Indian coinage, 
weights and measures, for which a movement has 
already been started in India. A quicker decision on 
the part of the (»uvernmeiit and the industry in 
favour of decimalization is urgently needed now that 
problems of reconstruction are coming up for con- 
sideration before the nation. 


FERTILIZER PLANT AT ALWAYE 

Reference to a fertilizer plant at Alwaye in 
Travancore vSlate, then under construction, was made 
in an article in SeiKNCK and Cur.TURiC, (December, 
*944)1 in which details of location, plant, and method 
to be adopted in the synthesis of ammonium sulphate 
appeared. The comidetioii of the administrative 
block of the Fertilizers and Chemical Factory is now 
reported, and on December r, 1945, II. H. the 
Klayaraja of Traxaiicore formally inaugurated the 
block before a large and distinguished gathering. 

The completed work, cotnprisiiig the administra- 
tive block, buildings including housing colony, work- 
shops and stores, and office buildings occupying a 
total covered space of nearly ^(X>,()Oo square feet in 
an ideally located site of over 200 acres, represents 
the first stage in the construction work. The project, 
estimated at Rs. 2Ji crores, contemplates the manu- 
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facture of 50,000 tons of ammonium sulphate fertilizer 
annually, 'riie plant is expected to start production 
of the syiitlietic fertilizer by July ig46. The project 
also includes manufacture of many useful chemicals 
sucli as suli)huric acid, caustic soda and other products 
essential for national economy and self-sufficiency. 


THE UNITED NATIONS FOOD AND AGRICULTURE 
ORGANIZATION 

The United Nations Food Conference which 
recently met at Quebec decided to create the Food 
ami Agriculture Organization (F.A.O.) which would 
endeavour to secure freedom from want to all i)eople 
irrespective of race and colour. Representatives of 
thirty countries, including India, attended the con- 
ference and signed the constitution of the organiza- 
tion. Representatives from Soviet Russia look part 
in the i)roceedings of the various committees and 
]>ancls of the conference, but did not sign the 
constitution, as their Government felt they had to 
consult some of their constituent Repul )lic and 
examine in further details the organization forces of 
the F.A.O. 

The main purpose of the organization is to con- 
.solidate peace by fostering food production, by in- 
creasingly utilizing technical knowledge for the 
benefit of agriculture and by rendering immediate 
relief to the people of the war-devastated areas. The 
F.A.G. will undertake a complete world sutvey of 
production, consumption and international trade in 
the major agricultural products, so that information 
about .surpluses is made available and international 
trade regulated. F.A.O. will also undertake compara- 
tive studies of the world’s food needs and make 
arrangements for diverting surpluses to areas which 
are suffering from nutritional deficiency. A world 
census in 1950 is proposed with the object of collect- 
ing data on the world food and agriculture conditions 
and thus preparing a World Food Plan. The results 
of scientific research will be compiled and made 
available to member countries through a biblio- 
graphic service. 

F.A.O. will also maintain panels of technical 
experts and will send missions to countries which 
would desire their services. In co-operation with the 
International Rank of Reconstruction and Develop- 
ment, it proposes to render helj) to less developed 
countries in the field of credit. 

F.A.O. will not be a centralized body like the old 
League of Nations but will have regional offices 
through which it will maintain intimate contacts with 
the peoples and problems of different countries. It 
is likely that India too will have a regional office. It 
has been decided that the personnel of F.A.O. will 
be international in character and representative of 


the various geographical regions. Vacancies will be 
widely advertized and selection will be made by the 
Director-General on a competitive basis. The seat of 
I* .A.O. will be at the .same place as the head -quarters 
of the United Nations Organization. For the time 
being it will be located at \\ ’ashing ton. 

Sir John Boyd Orr has been appointed the first 
Director-General of the F.A.O. He observed that 
the time had come when tanks were turned into 
tractors and factories which manufactured explosives 
were converted to produce fertilizers and humanity 
entered an era of peace and plenty. Tlie delegates 
of all countries unanimously maintained that un- 
employment, poverty and hunger were the basic 
rauscs of war axid strongly advocated tliat slump in 
the prices of agricultural commodities like the one 
the world e.xperienced in 1950 must be i»re vented and 
the producer of such commodities guaranteed a fair 
and equitable price. 

^ir Girja Shankar Hajpai led the Indian Delega- 
tion. lie presided over the Comnnttec on constitu- 
tional and diplomatic (jiiestions which dealt with 
such important topics as the taking <n’er of the Inter- 
national Institute of Agriculture, Rome, and admission 
of new mcmV)ers. Mr 1). U. Sethi \M-esided over the 
Panel on Special Needs for Countries in Tropical and 
Sub-Tropical Regions, which was ]»articularly im- 
portant from the Indian angle. Dr \\ K. R. V. Rao 
served as rapporteur to the Statistics Committee, 
while Dr Aykroyd and Sir Herbert Howard served as 
rapporteurs of Nutrition and hood Management 
Committee and the Forest Products and Rural Welfare 
vSub-Commiltee respectively. 


ECONOMIC DEVELOPMENT OF CHINA 

China, like India, is a !>oor agricultural country, 
with little or no development of indirstries, and has 
for long offered an attractive market to Western 
manufacturers which have sucked the country dry of 
her wealth. ]{ight years of war and of indescribable 
sufferings have brought a new consciousness among 
the Chinese people — a determination to live as a 
vigorous and prosperous nation through a balanced 
development of industry and agriculture. Possibi- 
lities and problems of industrializing China arc now 
being widely discussed in China, and our attention 
has been recently drawn to a ten-billion dollar plan 
of industrial development, worked out by Mr K. Y. 
Chen, Assistant Chief, Far Eastern Division, 
U.N.R.R.A. (Mechanical Engineering, June, 1945). 

It is in the first instance a five-year plan in which 
development of traiisjjortation and communication, 
public health and utility, coal mines and iron works, 
manufacture of consumer goods and farm goods 
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plants such as fertilizers, insecticides, etc. have been 
recommended. 

Great emphasis has been placed on the develop- 
ment of transiDortation and communication which 
would alone account for $3,200,000,000 or 52 
per cent of the total cstimakd cost. The plan 
envisages expansion of the railway by 20,000 miles, 
of the highways by 150,000 miles, of the shipping 
tonnage by 5,000,000 tons, of motor-cars by 500,000 
units, and development of telc-conniiunication, air- 
lines and air-plane factories. 

The utter inadctiuacy in puldic utility services 
and health measures has been recognized. Tn 1944, 
China had only 381834 hospital beds, and tlie plan 
proposes to add another 90,000 beds so as to make 
provision for at least one bed for every 5,000 people. 
Hospitals of the United States, be it noted, provide 
one bed for each 90 people. Tbicler public utiliU", 
the i>lan suggests developtneiil of hydrn-cleclric 
power to the extent of 10,000,000 kw. Develop- 
ments in public utility and liealth, according to 
Mr Chen, would involve an cxpendiliire of 
$1,700,000,000. 

Industries producing consumer goods have hardly 
developed in China. The country can supply only 
one (|uarter of the requirements of clothing on a 
))asis of TO S(j. yds. per year per capita from her own 
spindles, to cite one instance. Idour mills (75,000 
tons ])cr day), rice mills (375,000 tons per day), 
siniidles, building-material plants, such as cement, 
brick, .saw-uiills, glass, paint, etc., and plants and 
machinery rerpiircd in the manufacture of sugar, 
soap, oil .and paper are some of tlie items whose 
development and expansion have been urged. A 
provision of $1,112,500,000 is indicated in the plan 
for the establishment of these industries. 

A sum of 500 million dollars has been set apart 
for development of agriculture, including improved 
methods of cultivation, increased nsc of fertilizers, 
better seeds and insecticides. Tstablishment of 
fertilizer plants has been suggested. 

Fuel and iron constitute the background of any 
industrial development. Mr Chen proposes to re- 
serve $1,500,000,000 for the development of coal 
mines and iron works. 

The required tnouey for fiLuauciug such a five- 
year economic plan of development would be avail- 
able, according to Mr Chen, partly from foreign 
exchange and partly from natnmal .saving. China's 
annual foreign exchange has bceti estimated at 
$610,766,000, which is .supposed to be enough tt) 
service a capital of $8*7 billions at an annual interest 
of 3 per cent and an amortization of 4 per cent. 
Internal expense comprising the cost of local material 
and labour for such a plan may be roughly taken to 
be 40 per cent of the total expenditure. On this 


calculation, annual internal expense works out to 
$1,300,000,000, and Mr Chen hopes that this sum can 
be realized from national saving. 


HEAVY INDUSTRIES IN PROVINCES 

The All-India Manufacturers* Organization has 
just issued a pamphlet entitled “Development of 
Heavy Industries in Provinces** containing proposals, 
compiled by Sir M. Visvesvaraya, president of the 
Organization, for the establishment of two new key 
and heavy industries in each of the eleven provinces 
of British India. The twenty-four typical heavy 
industries listed in the pamphlet, from which two 
will have to be chosen for each ;)n)vince, include : 
Internal Combustion Fngiues and Power Machinery ; 
Manufacture of Machinery and Plant ; Railway 
Machinery and Plant ; Electrical INfaehincrv ; Hydro- 
Elcctric Plant ; Mill Machinery ; AgriciiUnral 
Machinery and Tools ; .Manufacture <»f Machine 
Tools ; vShipping and Ship-buihling ; Locomotives ; 
Automobile ; Aeroplane ; Nbning ; Increased produc- 
tion of Steel and Coal ; Structural Steel -Mac'hincry, 
Engineering Industries ; Nou-b'cirous Metals ; 
Aluminiuin ; vSelectcd Chemical Industries— Sulphuric 
Acid, Caustic .Soda, vSoda Ash, Sodium Carhoiiale, 
Chlorine, etc.; P'ertilizers ; Dyestuffs ; Rayon ; 
Paper and Pulp ; Plastics ; Cement ; Cdass and 
Porcelain Ware. 

Some provinces, plai'ed more favourably with 
regard to the siipidy of raw materials .ind other 
needed facilities, may establish tnorc than two in- 
dustries, such that all the 24 industries may be even- 
tually brought into existence. A committee of the 
organization, as a result of its communications with 
the leaders and busiiicssmeu in the various provinces, 
collected useful facts regarding the suitability of 
particular industries for each provinces. These in- 
vestigation and a i)rovisional list i>reparcd oti their 
basis, from which to select two new heavy industries, 
have been indicated in a compact table at the end of 
the ])amphlet. 

The capital cost involved in the establishment 
of the 24 heavy industries has been estimated at abo\it 
Rs. 100 crores, on the assumption that the capital 
cost of two heavy industries for every province 
would amount to between Rs. 3j<* and Rs. 5 crorcs. 

The pamphlet has recognized the great im- 
portance of proper provision for equq^ment and 
technical education and has roeoin mended manu- 
facture of machines and defence machinery, and the 
establishment of, an institute of technology on the 
model of the Massachusetts Institute of Technology, 
firms of consulting engineers, imluslrial finance cor- 
poration, and an industrial journal. Regarding the 
training of technical personnel, the Government 
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measure to depute students for overseas training has 
been criticized as too slow a process. The pamphlet 
recommends training of local technicians by experts 
invited from htigland, America, Sweden, Czecho- 
slovakia or such other countries which can spare 
them. 

In such a drive for industrialization, the Govern- 
ment liave an obvious responsibility and an important 
role to play. The plan suggests that the Government 
should forthwith create (i) a Central Department of 
Industries under an independent full-time minister, 
or Member of the Central Government, and (2) an 
Kconomic or Industrial Council to represent the 
people’s views and wants and to work in co-operation 
wnth the Department. Further, the (government have 
been urged to introduce an elaborate arrangement for 
the speedy collection of statrstics, institute an annual 
grant of not less than Rs. 6 crorcs for eciuipment, 
research, investigation, subsidies, subventions, etc., 
give assurance of i)rotectioii in suitable cases before 
some manufacture is undertaken, enforce a policy of 
strict conservation of high grade coal for use in in- 
dustry, and adopt a policy of the fullest encourage- 
ment of the indigenous production of iron and steel. 


TATA INSTITUTE OF FUNDAMENTAL RESEARCH 

We arc glad to learn that a new research institute 
under the name Tata Institute of Fundamental 
Research, has been opened at 49-53, Redder Road, 
Bombay by His Excellency the Rt. ITon’ble Sir John 
Colville, Governor of Bombay. The Director of the 
institute is Prof II. J. Bhabha, F.R.S., who has 
ac(inired an international reputation bv his outstand- 
ing cv)ntributions to the theory of Cosmic Rays and of 
fundamental particles. The idea of such an institute 
is (|uitc new in India and it reminds one of the 
Institute of hhindamental Research in Moscow, which 
was built by the Russian (lovernment for Prof P. 
Kapitza. The in.stitute here is not built for a specific 
purpose, but built round a man who has made out- 
standing contributions to particular subject in order 
to enable him to develop his thoughts and create a 
school of active research. 

We hope that streams of works on fundamental 
researches in physics and other sciences would 
continue to flow from the institute and it will prove 
to be a nursing ground for the development of young 
Indian genius. 


ALL-INDIA COUNCIL FOR TECHNICAL EDUCATION 

In pursuance of the recommendation of the 
Central Advisoiy Board of Education for a Central 
Organization for the promotion of higher stages of 
technical edTicatioii, the Government of India have 


constituted an All-India Council for Technical 
Education, with Mr N. R. Sarkar as its Chairman. 
The task of the Council will be : 

(a) to survey the whole field of technical educa- 
tion in consultation with the Provincial Governments 
and such Indian vStates ' as may be willing to co- 
operate with it ; 

(b) to advise in what areas technical institutions 
should be established, for what respective branches of 
technology they should provide and up to what 
standards they should co-operate ; 

(c) to consider such projects as are already under 
consideration by various Departments of the Govern- 
ment of India, the provision of senior all-India 
polytechnics on the lines of the Massachusetts 
Institute of Technology or the establishment of a 
technical college for electrical (power) engineering, 
and to assign their functions in an all-India scheme ; 
and 

(d) to conduct preliminary investigations with 
a view to ascertaining the conditions on which the 
authorities in control of the existing technical insti- 
tutes would be prepared to co-operate. 

The Council will be composed of Chairman ; 
Educational Adviser to the (h)vcrnment of India ; 
representatives of the Departments of the Govern- 
ment of India ; one member of the Council of vState 
elected by it ; two members of the Ecgislative 
Assembly elected by it ; one representative of each 
Provincial Government ; five representatives of 
Indian States to be nominated by the Gf)vernor- 
General in consultation with the Crown Representa- 
tive ; fourteen representatives of industry, commerce 
and labour to be nominated by the Associated Cham- 
bers of Commerce, All-India Organization of Tndu'^- 
trial Employers, Federation of Indian Chambers of 
Commerce, Federation of Muslim Chamber of Com- 
merce and Industry (Delhi), Employers’ Federation 
of India, All-India Trade Union Congress, Indian 
Federation of T.abour and All-India Railwaytneirs 
Federation ; two members of the Central Advisory 
Boc^-d of Education ; two members of the Inter- 
University Board to be nominated by the Board ; 
two representatives of the Association of Principals 
of Technical Institutions in India ; one representative 
of the Institution of Engineers ; and two nominees 
of the Government of India to represent any other 
interest which they may consider desirable. 

The names of members will be announced after 
the representatives of the Council of State and the 
Legislative Assembly have been elected in the next 
session of the Central Legislature. The tenure of 
office of the non-official members including the Chair- 
man will be three years. The Council will be attached 
to the Department of Education, Government of 
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India. A member of the staff of the Departiiiciit will 
be the Secretary of the Council. 

To those who follow* intelli.i>ently and critically 
the methods of the Oovcrunicnt of fiidia, the above 
communiciue will hardly evoke any hope or satisfac- 
tion. The state of hi^^her tecliiiical education in this 
country has been deplorable for a long time, and the 
Industrial Comniission api)oinled at the close of the 
last war reconimciided the establishinenl of an 
Imperial College of Science and Technology- The 
recommendation was still-born, and no action has 
been taken on it for the last twenty-five years. 

The personnel of the new' Council will hardly 
insj)ire any confidence. The iiienibers selecled to 
serve on the Council are mostly men in'ominent in 
business, industry, or otherwise and h.ave little quali- 
fication for serving in such a Council which .should 
be comiKKSed of educationists, scientists and techni- 
cians. Further the members of the Council ought to 
be full lime workers as long as they serve on the 
Council. Moreover, the members are such big 
persons that they can hardly be expected to spare 
much time and leisure. As the Council is constituted, 
probably the members will meet for (Uie or two days 
for a few hours, discuss some vague generalizations 
and leave to the .secretary the entire resiionsibility of 
drafting the recommendations which wdll be hardly 
worth reading. 

The aiiticiuated jiroccdure which is still followed 
in this country should now lie definitely given up if 
any business is meant. As in England and America, 
the noveriiment should appoint a whole time com- 
mittee of experienced educationists and scientists, to 
w’honi the working, organization, and iiurpose of 
such institutes are not a mere Idank but are realities 
with wdiich they are already acquainted. They 
should not be released till they have submitted a full 
report, and action should immediately be taken on 
the report. 

Hut iirobably such an acti<ni will not appeal to 
the Oovernment accustomed to make large promi.ses, 
and w’hen nothing materializes, to make amends by 
vague excuses. Further such action w'ill not help 
‘empty headed iiersons* to iiualify for future minister- 
ships. 


OVERSEAS SCHOLARSHIPS FOR STUDIES IN 
TOBACCO 

Thk Imperial Tobacco Co. of India JAd., has 
instituted two studentshiiis of the value of each, 
tenable for two years, to Indian students for stuilics 
abroad in Agriculture with special reference to 
tobacco. The Company has left the studentships to 
the administration of the Indian Central Tobacco 
Committee constituted by the Government of India. 


Pending the formal registration of this Conimittce, 
the Imiierial Council of Agricultural Research has 
accepted the Company’s generous offer and the Gov- 
cmniciit of India have agreed to as.sist in placing the 
students in suitable institutions abroad. Arrange- 
ments for the selection of students are now* in hand 
and it is hoiied that they will proceed abroad as .soon 
as the necessary facilities have been secured. The 
idaces of ^tiidy will jirobably be in the U.S.A. 

NEW JUTE DIRECTOR 

Prof H. C. Kundu, M.A., Ph.lX, K.L.vS., F.N.I., 
Professor of Hotany, Presidency College, Calcutta is 
appointed Director, Jute Agricultural Research, in 
charge of the Agricultural Research Laboratories, of 
the Indian Central Jute Committee, at Dacca. 

Prof Kundu had a brilliant academic career, and 
obtained a first class Master’s degree in Hotany of 
the Calcutta Ihiiversity in 1927, standing first in 
order of merit. After a short period of service as a 
lecturer in Hotany, Raven'shaw’ College, Cuttack, 
Dr Kundu took to research work in Hotany in the 
Calcutta Univeisity under Prof S. P. Agharkar, on 
being awarded Sir Rash Hehary Ghosli Research 
vScholarship, where he worked on ‘Charophvta of 
BengaP (Jour. Dep. Sc. N.S. C.U., Vol. 1). He 
served as a lecturer in Hotany, Rajshahi College, 
Hengal from 1930 to 1937. In the latter year he pro- 
ceeded to England on study leave, and worked under 
late Prof. J. H. Priestley of the Leeds Univer.sity, on 
the fibre, plants of India with special reference to 
their development, growth and structure. In colla- 
boration with Dr R. D. Preston, F.R.vS., he worked 
on the fine structure of the fibres of hemj) and jute 
(Proc. Roy. Soc., London). 

While in England, Dr Kundu had also opportu- 
nities of w^orking in the Royal Botanic Gardens, Kew 
and in the British Museum, London and published 
papers on the revision of the Indian species of 
Ilodj^sonia and Trichosanthes. 

He has been serving as a Professor of Botany, 
Presidency College, Calcutta and an Honorary 
Lecturer in the Calcutta University, since 1939. 
During these years he has been working on jute, 
.sunn hemp, hibiscus and other fibre-yielding idaiits 
and has published a number of papers on these in 
various journals. He had undertaken work on the 
‘Growth and Development of Jute P'ibres’, financed 
by the I.C.J.C. and on the anatomy of Brassica and 
Sc.samum financed by the I.C.A.R. 

As Honorary Secretary of the Botanical Society 
of Hengal, he showed commendable i)Ow*er of organi- 
zation . 

Dr Kundu has a wide outlook of his subject, has 
taught a variety of subjects pertaining to different 
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aspects of Botany, and has guided a number of re- 
search scholars working under him, and we feel sure 
that he will be able to organize and administer the 
department, the duties of which he has just taken 
charge of. 

NEW FELLOWS OF THE NATIONAL INSTITUTE OF 
SCIENCES, INDIA 

At a meeting of the Council of the National 
Institute of Sciences of India, held on Monday, the 
igtli November, 1945, at the Delhi University, Delhi, 
the following gentlemen were declared to have been 
elected Fellows of the Institute ; 

Ordinary Fhuxows 

Dr T. Banerji, D.vSe., Lecturer in Botany, Cal- 
cutta University ; Dr P. B. Ganguly, D.vSe., Principal, 
Science College, Patna ; Dr S. Ghosh, D.Sc., Professor 
of Chemistry, School of Tropical Medicine, Calcutta ; 
Dr P. S. Gill, Ph.D., Professor, Forman Christian 
College, Lahore ; Dr J. C. (rupta, M.B., Professor of 
Pharmacology, School of Tropical Medicine, Calcutta ; 
Dr S. S. Joshi, D.Sc., Principal, College of Science, 
Benares Hindu University ; Dr B. C. Kundu, Ph.D., 
F.L.S., Professor of Botany, Presidency College, 
Calcutta ; Dr C. Mahadevan, D.Sc., Assistant Super- 
intendent, Hyderabad Geological Survey, Plydcrabad-* 


SCIENCE IN 


ANTHRAQUINONE STABILIZER FOR PAPER 
CAPACITORS 

(jRKAT stabilization of paper capacitors, resulting 
from the adding of a small amount of anthraquinone 
to the impregTiaiit, has been reported in an article by 
D. A. McLean {Bell Lah. Rec., 23. No. 3 ; March, 
1945)1 abstracted in Nature, October 13, 1945. Paper 
insulated capacitors are treated with impregnants, 
such as chlorinated diphenyl and chlorinated napha- 
lene, which have high dielectric constant and resist 
oxidation and thermal decomposition fairly satis- 
factorily at room temperature and at small potentials. 
'J'hc dielectric properties, however, show rapid 
deterioration at high D. C. potentials and at tempera- 
tures from 5o°C to 100^. Suppression of deteriora- 
tion of the dielectric, corrosion of the electrodes, a 
more stable leakage current, and conseiiuently a 
longer life have )>een effected througli the use, in 
small (luantities, of a number of chemical coni])ounds, 
of which the quinones give the most satisfactory 


Deccan ; Dr P. C. Mahanti, D.Sc., F.Inst. P., Lec- 
turer in Applied Physics, Calcutta University ; Dr 
U. S. Nayar, M.A., Ph.D., Head of the Department 
of Statistics, Travancore University, Trivandrum ; 
Dr N. V. Uadhakrishna Kao, M.B., B.S., Ph.D., 
Clinical Research Officer, Haffkine Institute, Parel, 
Bombay ; Dr M. I/. Roonwal, Ph.D., Assistant Super- 
intendent, Zoological Survey of India, Benares 
Cantt.; Dr H. K. M. Wheeler' D.Litt., Hon. D.Litt., 
Director-General of Archaeology in India, Simla. 


Honorary Fkm.ows 

Prof A. IL Blake.slce, vSmith College, Northamp- 
ton, U.S.A.; Dr R. A. Millikan, President of the 
California Institute of Technology ; Prof P. Niggli, 
IVofessor of .Mineralogy and Petrology, P'ederal 
Polvtechnical University and University of Zurich. 


ANNOUNCEMENT 

Dr U. N. Chatterji, !M.v^c., D.Phil., officiating 
I{ditor of Journals, Imj)crial Council of Agricultural 
Research, New Delhi, has been admitted to the degree 
of Doctor of Science of the University of Allahabad. 
The subject of his thesis was “Physiological Studies 
on vSome Intermediate vSteps in Plant Respiration**. 


INDUSTRY 


re.sidls. I 'or commercial use, anlhraquinone has been 
recommended owing to its high effectiveness, ready 
availability in pure form, low volatility and lack of 
toxicity. 

The stabilizing effect of anthra(|uinone in re- 
ducing electrode corrosion has been very clearly 
brougiit out in the following experiment. Thin 
aluminium films were evaporated on kraft paper, and 
cajjacitors made with such paper were dried and 
impregnated in the usual mannet. After subjecting 
the cai>acitors at high voltage, and at temperature 
Too^C, the impregnating compounds were extracted 
and i)ortions of the ])aper j)hotographed to reveal holes 
due to corrosion. After testing for 240 hours at 300 
volts, the anode was found very largely destroyed, 
and eventually the cathode was also attacked. The 
samples stabilized with anthraquinone and tested 
under the same conditions did not show' detectable 
deterioration of cither electrode in 1,000 hours, or in 
495 hours at 500 volts. 
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111 unstabili/cd linen-pa|ier capacitor subjected 
to a continuous D.C. voltage at ioo°C, leakage current 
becomes forniidahle and causes failure within a few 
hours. Use of anthraquinoiie to the extent of o*i per 
cent with the iinpregnant effects a more steady 
leakage and increases the life by about ten-fold. Hy 
using the stabilizer to the extent of *5 to 9 per cent, 
a hundred-fold increase in life cumpared to the un- 
stabilized variety has been reported. 


IMPREGNATED WOODS IN AUSTRALIA 

Tine Division of Forest Products of the Council 
for Scientific and Industrial Research at j\Ieli)ourne 
and a number of Australian Jlrnis have recently 
developed several improved woods for coniniercial 
purposes, such as manufacture of propeller blades, 
variable pitch airscrews, ball and roller bearings, gear 
wheels, brake linings, jmlleys, shuttles and bobbins 
in the textile industry, fish plates for electric rail- 
ways, mounting panels, terminal boards and insulat- 
ing stools for the electrical industry, etc. 

Well known Australian timbers, such as mountain 
ash, coachwodd, hoop-pine and Kauri-pine, have been 
treated successfully, the veneers being coated with a 
synthetic resin and then compressed and bonded at 
high temperature and pressures. Improved tvoods 
liroduccd in this way show a remarkable re.sistaiice to 
moisture. Scientifically bunded laminated veneers 
have also been found comparable to duralumin in 
certain mechanical properties, and their manufacture 
has been carried out in Fngland and America for 
.several years. 

Tile Uamiiiex Pty. Ltd., at Jhighton, in the Stale 
of Victoria which has installed the largest laminating 
[)ress in Australia, has developed several improved 
woods, suitable for panelling, furniture, and decora- 
tive fixture work, by a combination of the processes 
of imineguation anil the bonding of the veneeTS with 
Tago glue iilm. 

By impregnating layers of special cloth or paper 
with a synthetic resin in a way .similar to the treat- 
ment of wood, some Australian linns are reiiorted to 
Jiave developed special tyi>es of plastics materials 
highly .suitable for the manufacture of insulating 
sheet, aircraft cases, engine parts and pre-fabricated 
houses. 

STARCH STORAGE IN THE BARLEY GRAIN 

Rkcknt investigations dealing with the sugars of 
the barley plant cast doubt upon the liypolhcsis that 
the stored sugar of the stem is a rc.serve for iiiaiulain- 
ing the growth and development of the fruit. If it 
is accepted that this sugar is lost as part of the inevit- 


able senescence of the stem itself, then the function 
of the aei'umulated sugar in sugarcane and in other 
monocotyledonous stem needs reconsideration. In 
carrot or sugar beet, it is known that the separated 
crown can i»roduce flower even if it is deprived of 
the stored carbohydrate. Similarly the reserves of 
iniiliii in aiiiehoke and starch in potato is not cs.seutial 
for successful regeneration. The amomit of carbon 
involved in shoot formation is small in relation to the 
total carboliydrate reserve and similar conclusion 
bolds good for the barley stern that sugar is pro- 
duced in excess of iinnicdiate growth re<iuireinents 
and becomes isolated in i>arenchymatous tissue, from 
wliich it di.sappears slowly with tlie senescence of the 
‘.storage* organ. 

These facts are briefly sunimari/ed in an article 
by Archbold in Salurc, July .71, 1945. The earlier 
workers lield the view that the excess of stored carbo- 
hydrate ill the stem of cereals was translocated in the 
fruit and efficient migration followed high ratios (i.c., 
ratio of grain to total top or ‘migration ratio’). 

If any function is to be attributed to the sugar 
ill tile slmoting stein of cereal it may ])erhaps be 
eoncenied with maintenance of turgor in the rapidly 
elongating cells. 

Archbold and Mukherji {Ann, Hot. N. S., 6, 
i()42) by suitable experiments noted that at no lime 
did the roots provide material for upward transloca- 
tion. Major changes during ear develoimieiit were 
confined to the stems and leaves. Only 20 per cent 
of the sugars in stem and leaves were transferred to 
the ear, reinainiiig 80 iier cent was siiiiplied by 
assimilation proceeding siniultaiieon.sly with car 
growth. The stored sugar in stem is thus only of 
secondary importance as a .source of supply to the ear. 

Archbold and Datta (Ann. Bot. N. S., S, 1944), 
conducted a series of experiments to investigate the 
factors controlling sugar movement and concluded 
that only very limited diversion to the ear of sugar 
newly assimilated in the leaves is ixissible. 


GEOPHYSICAL PROSPECTING FOR OIL IN INDIA 

Rank INK and Fvans referred briefly to the origin 
and accumulation of oil, and indicated the scope of 
geo-physical methods in a paper communicated to the 
National Institute of vScieiices of India at a meeting 
lield recently at DcIIii and briefly rcixntcd in an 
earlier issue of the journal. A few tyihcal gravi- 
meters are described, the principles of reflection and 
refraction surveys are suimnari/.cd and tile scope of 
the electrical surveys is outlined. The principal 
geophysical methods of survey are thus conveniently 
classified as (i) Gravitational, (7) Seismic, (3I Klectri- 
cal, and (4) Magnetic. 
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The* history of >;w>physical prospeclinj* for oil in 
India is set out in some detail, with the scope and 
cost of the 1 938-40 prospecting programme. The first 
Indian prospecting by geophysical methods was 
uiidertakcii in 1923, and in the following year the 
first oil field discovery by torsion balance method 
was made in America. 

Surveys carried out by the Hnrmah Oil Company 
showed that torsion balance could readily detect 
buried ill rust-faults but they did not lead to the dis- 
covery of any area worth drilling. Later in 1938, a 
seismic survey was undertaken in the anti-clinical area 
in Assam, but the result was also unsuccessful. 

Kxtensive geophysical surveys were carried out 
ill 1938, with 17 separate parlies and the total strength 
of geoi)hysicists, surveyors, observers and other 
technical personnel was 90. They worked in close 
co-operation with the (leodetic branch of the Survey 
of India, but this work had to be closed down in 1939 
owing to the war. 

During a period of two and a half years, geo- 
physical observations wore made at more than 22,000 
stations (two-third of these being in llritish India). 
The total area surveyed amounted to about 330,000 
sq. miles, involving a total cost of 45 lakhs of rupees. 

As soon as seismic work can be resumed, it is 
proposed to try refraction arc shooting in India. 
There is necessity for a unified prospecting pro- 
gramme in which geological mapping, geophysical 
surveys, of alluvial areas, and the drilling of informa- 
tion holes and test wells are all closely co-onliiiated. 


FRENCH CHEMICAL INDUSTRY 

Rkcknt progress in chemical industries in France, 
including development of new adhesives, iminove- 
mciit in fertili/XTs, and exploration of uranium 
deposits, has been reported in the Chemical Age. A 


new adhesive ])rq)aration which glues rubber to metal 
has been developed. A synthetic resin, easily soluble 
in ordinary rubber solvents is prepared by heating 
pheiiolsulphonic acid over cnule rubber to 135®C. 
The solution can be stretched over a metallic surface 
so that vulcanized mixtures can l>e super-imposed. 
The adhe.sive is very thermoplastic and becomes soft 
at 7o^C, even after vulcanization. 

Increased siqiply of coal, sulphur, phos)>hates, 
potash, and Tliomas slag, some of which are now 
available even for exi)orl, has brought alxnit a great 
increase in the production of fertilizers. Latest pro- 
duction figure which ap])eared in iwint was 13,000 
tons a month for conccntrateil fertilizers. In July, 
the production of super-i)ho.sphates was 7,000 tons. 
Two idants for the concentration of crude potash salts 
from the Alsatian mines resumed operations on July 
15, but it will be necessary for the next year or two 
to .ship fertilizer i)otash mainly in the form of crude 
salt. 

Progress in other industrial chemical products 
was also noticed. In July, monthly production of a 
number of ini|)ortaiit chemicals was as follows : 
sulphur, 10,000 tons ; sulphuric acid, 15,800 tons ; 
copper sulphate, 4,000 tons ; soda, 7500 tons ; calcium 
carbide, 12,000 tons ; and tannin extract, 837 tons. 

The quarries of vSaiiit (lobain, long known for 
their deposits of radio-active minerals, are now 
receiving great attention as possible source of 
uranium, the imiiortant mateiial for the manufacture 
of atomic bombs. In the Curies extracted 

uranium from deposits of pitclddende- at Couhard 
Auxy and at (Irury. The v^aint C.obain glass works 
once used this mineral extensively for tainting pur- 

l)OSCS. 

The French chemical industry is now very 
actively engaged in regaining its lost position and is 
looking forward lO occupying the place of supremacy 
formerly held by Gertnany. 
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RETTING BY HIPAROL AND BY BACTERIA 

PARUKUTTY BAUUAII ami H. K. BARJ^AH 

MICROmoi^OGY DUPAKXMKNX, BOSK RKSKARCII INSXlXUXE, 
CALCUTTA 


J^ARUAII and BARIJAII (ujh) have shown that 

Hiparol, a mixture of enzymes extracted from 
Thiclaviopsis paradoxa (De Seynes) V. llohn, can 
ret jute, coconut and other fibrous plants in a much 
shorter time than that is required in the normal pro- 
cess of stacking plants in water. The delay in the 
latter process, i.e., by stacking plants in water and 
allowing bacteria to decompose the plants, may be 
due to the slow growth of bacteria or of insuflicient 
amounts of enzymes produced on the plant tissues. 
The reason is that the production of pectinascs by 
bacteria is not only influenced by the rate of growth 
of bacteria on the plant tissues but also by the 
chemical nature of the substrate influencing the 
formation of enzymes capable of breaking down 
tissues. Methods using fungi, bacteria and chemicals 
to reduce the time required for retting and to im- 
prove the (piality of the fibres had always, therefore, 
been looked for, and any method that reduces the 
time required for retting without impairing the 
quality and tensile strength of the fibres would be 
of advantage to the growers and to the fibre industry 
as a whole. 

Rossii (iqi6) has described the use of Bac. 
Comesii in retting of hemp and flax by maintaining 
a temperature of — 30®C and forcing air through 
the culture fluid. Aerobic processes using Clostridium 
buiyrictim and Clostridium jelsineum had also been 
tried and patented, but none of these processes had 
been used on a commercial scale on jute, coconut and 
other fibrous plants. This may obvioiusly be due to 


the practical difficulties involved in the application 
of these methods to the retting of cheap fibres 
like jute and coconut. If, however, bacteria 
resi>onsible for retttng arc isolated from plants 
stacked in water and cultured according to methods 
de.scribed by Baniah (1942) and added to water in 
which fibrous jdants are stacked, it is possible to 
enrich the water by the particular bacteria concerned 
and also by the bacterial enzymes produced in 
culture and thus hasten the separation of the fibre 
bundles from the cortex and wood. 

The present paper deals with determination of 
the activity of bacterial enzymes and a comparative 
study of the rates of activities of Hiparol and 
bacterial enzymes and of their uses in retting. 
Methods used for the determination of activities of 
bacteria and bacterial enzymes w'ere the same as 
those used in determination of activities of Hiparol 
by Baruah and Baruah (r944). Bacillus sp. isolated 
from decomposed and semi-decomposed jute plants 
wTis cultured on bran at : bran w as dried and 
stored in bottles. Knzyme extracts of Thiclaviopsis 
paradoxa (Hiparol) and Bacteria were obtained by 
the methods used by Baruah (1942). Pectinase and 
lamcllase activities of bacteria were determined by 
tlie rate of maceration of blocks of plant-tissue, rate 
of decomposition of i)ectiii and l)y the rate of soften- 
ing of the fibrous tissues. Table I shows the time 
reciuired for maceration of blocks of plant-tissue by 
Hiparol and by bacteria at pli 5*0 and at 28-30^0. 
Controls were set up by using boiled enzyme extracts. 


Type of pltinl-iisMie 


Alango 

Apple 

Pineapple 

Orapes 

Orange rind 

Lemon rind 

Tomato 

Banana 

(ruava 

Pumpkin 

Jute-stem 

Ramie stem 

Green Coconut husk 

Dry Coconut husk 


TABLB I 

TiMK ok ^lAClvKATlON OK BLOCKS OK Pl.ANT-TlSSUKS 
Temp. 28 -30°C. 


Time required for niacer.Uion of 
bl<;eks of plaiit-lissues 


Hiparol BaeU^rial eii/.yim* 


20 Minutes 
20 
20 
20 

2.5 
40 

2.5 

2.5 
35 
42 

8-10 iirs. 
8--12 „ 
42 Minutes 
42 hrs. 


10- 18 hours 

« It M 


8^72 


8^-24 

36—48 


Control after iNiiling 


Hiparol 
No .lelioii 


IkuTeri.'il eii/viiies 


ion afi’*r 24 48 hrs 
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Bacterial enzynics macerated plant-tissues com- 
pletely within 10-72 hours and there was a vigorous 
colony of bacteria growing on the tissues, whereas 
Iliparol completely macerated the plant-tissues, in- 
cluding jute, within the first few hours. lyamcllase 
which caused loss of coherence of the tissues 
(Hamah, 1942) may not be actively present in the 
l)acterial extracts as it is in Iliparol, but bacteria, 
while growing, secrete laniellase which is responsible 
for tlie breakdown of tissues. It is, of course, pos- 
sible to increase the production of laniellase by 
bacteria by changing the composition of the substrate 
(Hamah, 1^42). Heat inactivates the enzymes in 
Hiparol, whereas with bacteria heat applied, as in 
Hiparol, was not suflicieiit to kill the bacterial 
spores which, during 24 hours of incubation, grew 
vigorously and caused breakdown of the tissues. 

The rate of decomposition of citrus pectin by 
Iliparol and by bacterial enzymes has been followed 
by studying tlie changes in the viscosity of pectin 
solution, changes in the reducing power and in the 
saponification value of pectins during hydrolysis 
(Table II). The reaction-mixtures were composed of 
100 c.c. of 1% pectin solution of pH 5*0 plus 20 c.c. 
of 2% Iliparol or 2% bacterial enzyme extract and 
were incubated at 28-30^0. 


was a decrease in the saponification value of pectin 
during hydrolysis with Hiparol as well as with 
bacteria, indicating thereby the changes in the degree 
of deinethylation during hydrolysis. 

It thus appears that the breakdown of pectin, 
both b}'' Iliparol and by bacteria and bacterial 
enzymes, is accompanied by a rapid decrease in vis- 
cosity and in the saponification value of pectin and 
by an increase in the reducing power of pectin. 
Hiparol macerates plant tissues rapidly, wdiereas 
there is little laniellase action in the bacterial extract, 
the breakdown at a later stage being affected by the 
growing bacteria producing lamcllase (details to be 
iniblished later). 


USK ov Hii'Arol and Hactp:ria and Bacteriai, 
1{nzymks in RerriNG 

Table HI shows the time required for retting 
of jute, coconut and other fibrous plant tissues by 
Hiparol and by bacteria and bacterial enzymes. The 
method was the same as used before (Hamah and 
Hamah, 1944). 

The husks from ramie, gerardinia, mauotia and 
coconut were retted in 1-3 days by bacteria, whereas 


TABLE ir 

Chxnoi d in Pi-;cTiN cvcsiio BY IIiPARor ANo Bactkkia 
Temp. 28-30°C. 


Time in 
Hours 


Kelalivc Visco.sity 


Aiiiomil of uixlecoi 11 posed 
I’ecUii 


Amount of reducing Sugar 
as dixlrf>sc loilinc re- | 
aclioii ' 


Saponification value as 
gins, of Nat.)!! per 100 
gins, of dry asli-frce 
Pectin 



Iliparol 

Bacteria 

Iliparol 

Bacteria 

I Hiparol 

Bacteria ! 

1 Liparol 

Bacteria 

0 

1 100 

iOO 

10 gnis. 

10 

gms. 

2-5% 

2-5 % 

9-6 gins. 

9-6 gm 

3 

41-3 

32-5 

0’66 

0-54 


; 4-9% 

23-64% 

8-9 „ 

8088 , 

24 

; 7-8 

0 

0-42 „ 

0-44 

tt 

; 6-2% 

32 1 

OAO „ 

6 036 , 

48 

i •■’‘J ; 

1 

0 

()-36 „ 

0 

ff 

31-5% 

1 

1 28-8 % j 

50 


The 

decomposition 

of iicctin 

was more 

rapid 



table III 



with bacterial enzymes than wdtli Iliparol, relative 
viscosity of pectin being reduced by bacteria to 
32*5% after 3 hours and to 0% after 24 hours. The 
increase in the amount of reducing sugar formed was 
more rapid with bacterial enzymes than with Hiparol 
within the first 24 hours, after which there w^as a 
decrease probably caused by the utilization of reduc- 
ing sugar by the growing bacteria. With Hiparol, 
there was an increase in the amount of reducing 
.sugar up to 31 ’5%, after which the reducing sugar 
value was almost constant (Hamah and Baruah, 1944) . 
With bacteria, there was no precipitable pectin on 
the addition of acid alcohol after 48 hours. There 


TiMB RKgUIKliO KOR klilTlNG BY HlPAROl, AND BY BAC1‘KRIA 


Type of Plani-Tissiies 


Hiparol 


Baclerial 

Enzymes 


Crololaria ... 

Ramie (Chinagras)* 
Gerardinia .... 
Mauotia 
Jute 

Coconut husk 


3*4 days 
28—48 hr's. 
24- „ 

24-.72 „ 
18-24 „ 
16— 


3— 5 days 
24-48 hrs. 
24—48 
24—96 
3— 7 days 


* Kindly supplied by Mr C. R. Nodder, Jute Tediiio- 
logical Research Laboratories, Tollygunge. 
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with Hiparol the time required for retting varied 
from 1-3 days, depending on the type of plant tissue 
used. Jute and crotolaria were retted in 3-7 days by 
bacteria and in 1-4 days by Hiparol. Crotolaria 
is easy to be retted by Hiparol, whereas with bacteria 
the fibre bundles are disorganized easily just after 
the completion of retting. Tn the en/ymic process 
by Hiparol, the plant tissues are broken down by 
the enzyme complex (lamellase, poctiiiase ; -Tlaruah 
1942) by the breakdown of the middle lamella and 
the decomposition of pectins resulting in the loss of 
coherence of plant tissues. In the bacterial process, 
plant tissues are initially attacked by tlie enzymes 
already present in the bacterial extract iind later 
broken down by enzymes capable of causing break- 
down of the middle-lamella and of pectins secreted 
during the growth of bacteria. In the first instance, 
it is the enzymes alone that are responsilde for the 
breakdown of plant-tissues, whereas in the latter the 
whole phase of retting involves i)rimary softening by 
bacterial enzymes already present, lamellase potency 
of wdiich is, however, low, and in which rapid 
growth of bacteria and ])roduction of active enzymes 
are capable of breaking down tissues (details to be 
published later). 


U'J’IMZATION 01? JUTK ROOT CUTTINC^S IN iNDUvSTRY 

^'Cleaning** and ^'sofiening*^ of Jnlc Root-Cul- 
tings . — The basal portions of jute fibres, knenvn as 
root-cuttings, are usually not suitable for spinning 
due to large quantities of adhering ligneous matter and 
have always presented a dilTicult problem to the 
jute mills, as it involves a considerable loss to the 
jute industry. Kase of retting is generally influenced 
by the degree of hydrolysis of the pcctic cell-walls 
and mechanical resistance of the skin and the time 
required for retting varies in different regions of the 
plant (Baruah and Baruah, 1944)- In the production 
of fabrics that comprise jute-bags, packs, pockets and 
sacks and of sacking weft mixes, the method used 
at present includes extensive carding and softening, 
using /|0 to 60% emulsion, stacking the cuttings in 
piles for a period of 7 to 10 days and subsecpient 
teazing to ])resent moderately “clean’* fibre in Tow 
form at the Breaker. This method of processing is 
far from satisfactory due to presence of large 
(ju anti ties of adhering bark, high cost of batching 
(Rs. 15-16 per ton of cuttings), unevenness of mois- 
true content of the fibres and decrease in tensile 
strength of the resultant yarn and cloth (Watson and 
Baruah, 1945). If jute cuttings or jute of poor 
(piality can be freed of adhering bark by a process 
that will ensure uniform quality of “clean” fibres 
and satisfactory vspinning, it will be possible to use 


root-cuttings or jute of jwor quality not only for 
sacking but also for spinning and weaving various 
kinds of textiles. The process using Hiparol and 
bacterial enzymes was, therefore carried out on root- 
cuttings, retting being done in tanks containing 
certain raw materials (vS. B. L. H. H. system of 
retting), favourable for the growth of the bacteria 
concerned and the activity of enzymes (rate of 
activity to be determined by the extent of changes 
in visce>sity of pectin and amo\int of reducing sugar 
formed after 3 hours). The reaction mixture in the 
tanks was iiiaintaincd at 85-oo°F at /jH 6 0 to 7 0. 
A modification in the prr)ce.ss had l>een made by 
introducing a system of acratiem from an air-com- 
pressor at definite intervals. The time reciuired for 
the removal of bark varies from one to three days 
after uhich the fibres arc removed from the 
tanks, washed and dried in the s\in. Samples of 
cloth, prepared from jute-cuttings and treated by 
this ])rocess, show greater weights per square yard 
and higher tensible strength than the standard mill 
<|nality samples. The weft yarns are more com- 
pactly spun as a result of better softening of the 
tre.ated cutting^ , indicating no enhancement of fibre 
slip|>age due to t>rocessing and no weakening effect 
of the treatment on the fibre (Watson and Baruah, 

1945). 

Table IV gives the results of tests on number of 
threads per itich — weight per square yard and 
tensile strengths of strips of two inch widths of 
samples of cloth prepared by this process (‘A* ‘B*) 

and of standard mill cjtiality (‘X*). The composition 
of samples processed by Watson and Baruah (1945) 
is as follows: — 

(f) Standard mill (jualitv ‘X*— 50% root- 

cuttings, 35% H.J., ropes, 2% 

caddis, t% gunny cuttings, 12% 
wastage. 

(ii) B'nzyine treated root-cuttings -‘A* -72% 
root cuttings, HJ., ropes, 5% 
wastage, 5% caddis, 5% gunny cuttings. 

{Hi) Bnzyme treated root-cuttings — ‘B* — 72% 
root cuttings, 8% TI.J., 5% ropes, s ?4 
wastage, 5% caddis, 5% gunny cuttings. 
Details of method of ]'>roccssing arc 
described by Watson and Baruah (1945). 

Tc.vf results.- I. J. M. A. ciiditioned tests. 
6x8x26Xi.‘B* Twill. 

Samples of cloth had also been prepared by 
utilizing 100% jute root cuttings treated by this 
process. It may be noted that samples *A* and ‘R* 
conlainiiig 72% jute cuttings show better results 
than sample ‘X* containing 50‘V, root cuttings. 
(Watson and Baruah, 1945). 
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TABLE IV 


Number of threads per inch, wt. per sy. yi>. and tensile 

STHENCTH OP STRIPS Of 2" WIDTHS 





1 

Tensile 

strength of 2" wide strips 

Tensile strength of 


No. of threads 

1 Wt. in 0 /. 





weft in lbs. divided 

Samples 

per 

inch 

: per sq. yd. 





wt. ill oz. per sq. 




; 

T between grips 

3" between grij)s 

vd. 




Warp 

Weft 

! 

Warp 

Weft 

Warp 

Weft 

T bet- 
ween grips 

ween Rrips 
3" bet- 




I 

1 

lbs. 

lbs. 

lbs. 

lbs. 



X 

12 i 

8 

, 17-76 

248 

164 

269 

182 

9-23 

10-24 

A 

12 

8 

i 18-24 

252 

171 

282 

220 

9-38 

12-06 

H 

12 

8 

19-37 

250 

229 

276 

242 

11-82 

12-49 


(Test kindly carried out by Dr W. O. Macmillan, Indian Jute Mills Association Research Institute, Calcutta). 


The industrial application of this method of 
retting would envisage a battery of tanks, the 
number of tanks to be decided upon by the amount 
of cuttings to be processed in sack-v\’cft and sack- 
warp. Raw materials to be added to the tanks arc 
cheap and the UAal cost i)er ton of cuttings pro- 
cessed, including raw materials, washing, drying, 
labour, maintenance and power, will be approximately 
Rs. 9/-. Ry using certain mechanical devices, it will 
l>e possible to reduce this cost further (details to be 
published later). Root-cuttings were kindly sup- 
plied by Reiigal Jute Mill Co. r<td., Howrah. 

The extent of breakdown of plant-tissues during 
hydrolysis by Hiparol and by bacteria has been 
followed by determining the amount of cell-wall 
material (prepared from the plant tissues by drying 
and powdering) decomposed and the amount of 
reducing sugar formed after 24 hours (Table V). The 
method was the same as used before (Baruah, 1942). 


less with bacteria than with Hiparol because sugar 
formed in proportion to the amount of pectin broken 
down is probably utilized by the bacteria. 

Nature of End-products formed during hydrolysis 
by Hiparol and by Bacteria. — Hiparol contains, be- 
sides pectin-splitting enzymes, carbohydrates which 
break down starch and other carbohydrates (bajra, 
maize, molavsses, rice, sugar-cane, swcct-polato and 
]>()lato) by a sef|ucnce of changes and i>roducc chiefly 
acetone, butyl alcohol and ethyl alcohol. The diastase 
value of Hiparol compared to that of A. ozyzeae in- 
dicates the possible use of Hiparol as a source of 
diastase and also in the de.sizing of starch and gnnmiy 
substances from textiles (relative viscosity of a 2*5% 
starch .solution is reduced to 24*0% of its initial value 
after 30 niiiiules when acted upon by Hiparol), The 
end products of bacteria are chiefly acetic and butyric 
acid. Galacturonic acid which is produced by the 


TABLE V 


Amount of cell- wall material undecomfoskd and of 

REDUCING SUGAR FORMED DURING HYDROLYSIS AFTER 
24 HOURS 



Initial 

weight 

.Amount uiidecomposcd , 

i 

Amount of rcjlucing sugar 

Type of plant-tissues 

Hiparol 

Bacterial 

En/.yines 

! 

Hiparol 1 

1 

Bacterial 

Kn'/.ynies 

Hiparol j 

Bacterial 

Enzymes 

Coconut 

Jute 

C jerardinia 

Bnuhinia ... 

1 gm. 

1 M 

1 .. 

1 

1 gm. 

1 „ 

1 M 

1 M 

0-82 gm. 
0-50 „ 

0-70 „ 

0-66 1 

0-662 gm. 
0-703 „ 
0-709 „ 
i 0-709 „ 

0-16 gm. 
0-32 • „ 

0-18 „ 

0-20 „ 

i 

0-08 gm. 
0-02 „ 
0-019 

0-018 


It will be seen from Table V that the rate of 
decompo.sition of coconut husk is higher w'ith 
bacteria than with Hiparol, whereas with gerardinia, 
jute and baiihinia, Hiparol is more eflFective than 
bacteria. The amount of reducing sugar formed is 


breakdown of ])ectin by both Hiparol and bacterial 
enzymes (Pectin — Polygalacturonase — Baruah, 1942) 
can possibly be separated and synthesized to vitamin C 
(details to be published later). 
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CuNClvlTSIONv^ 

The secjiience of chaiij^os in retting of fibrous 
l)lants by bacteria and bacterial enzymes is similar to 
tliat caused by lliparol, a mixture of enzymes 
secreted by I'liiclaviofysis pnrailaxii, in so far as 
breakdown of pectin and the middle-lamella is 
effected by the enzymes. In the enzymic process by 
Hiparol, fibrous plants ate retted by the enzymes 
already available for the decom])osition and hence 
the decompo.sition is more rapid, whereas, in the 
bacterial process, the plants are i)riinarily softened 
by enzymes already present in the bacterial culttire 
together with spores and are further attacked by 
bacteria which grow’ from the spores and i)rodnco 
enzymes capable of breaking dowm tissues. Hi|)arol 
appears to be more active Ilian bacteria since the time 
rcfjnired for retting is less than that recpiircd by 
bacteria ; with bacteria, however, it is possible to 
enrich the retting water by the s])ccific bacteria con- 
cerned in retting. The idea is to ensure the presence 
of the maximum miniber of cells of the particular 
organism concerned in retting and thus case the 
establishment of the bacterial colony on the plants 
and cause their decomposition. It should bo possible 
in the production of sacking or packing goods to 
utilize the basal iiortions of jute fibres (root cuttings) 
or .jute of poor (inality in the mill by ‘‘cleaning^* up 
and ‘‘softening** the cuttings by Hijiarol and bacterial 
enzymes, eliminating thereby the extensive carding, 
softening and peeling operations at present used and 
ensure regular processing and increase in cloth 
strength. If the bark or speckincss of jute cuttings 
or of jute of poor quality is removed it is possible that 
jute-enttings and poor quality jute will fetch a higher 
price than what they are now because the future of 
the jutc-iiidustry depends on the successful, applica- 
tion of new finishes to jute fabrics and this, in turn, 
is dependent on the laoduction of a “clean** fibre 
free from bark. 

Retting of flax by Hiparol may be of advantage, 
since, in retting by bacteria, fil)rc bundles arc easily 
disorganized due to ovcr-rettiiig and are unfit for 
spinning. Retting of coconut husk can be more 
readily effected by using Hiparol or bacteria and 
bacterial enzymes than by the ordinary method of 
stacking in water, and the quality of fibre can thus 
l>e improved. Retting by Hii)arol or by bacteria and 
bacterial enzymes inovides, therefore, a method of 
separating the fibres held together by gums and 
jiectins wdthout injuring the fibres and may introduce 
to the textile industry the possibilities of processing 
various fibres such as, ramie, hemp, coconut, 


gcrarclinia on modified jute or cotton machinery. It 
has been also demonstrated that bacteria can with 
ease be cultured by the method used here and enzymes 
extracted for studying their rates of activity. The 
application of this method should allow a vast amount 
of information to be gained about biochemical re- 
actions caused by bacteria as well as about bacterial 
fermentations. 


Summary 

T. Raeleria reS]M)nsible for retting arc isolated 
and enzymes extracted ; rates of activity of lliparol, 
enzymes extracted from 7'. l\iuidoxa and bacterial 
enzymes arc studied. 

2. Hiparol and the enzyme prej\arations from 
bacteria cause maceration of the tissues by attacking 
the middle-lamella and breaking down i)ectin by a 
sequence of changes, both physical and chemical, to 
reducing sugar, galacturonic acid and methyl alcohol. 

3. The time required for retting of jute, coconut, 
laiiiic, by lliparol and by bacterial enzymes varies 
from 1- 7 days, dei)ending on the tyt)C of ])lant tissues 
used. Hiparol is more active as a retting agent than 
the enzyme preparation of l)acteria. 

4. Samples of sacking clotli had been prepared 
from jnte root-enttings by “softening” and “cleaning** 
by Hiparol and bacterial enzymes and i>r(Kessing in 
the mill ; the possibilities of utilization of Hiparol 
and bacterial enzymes in industry are indicated. 

5. The pn)cess of recovering the end-i)roducts 
formed, chiefly, galaclnronic acid, acetic acid, butyric 
acid, acetone, butyl alcohol, ethyl alcohol during 
hydrolysis by Hi]>aTol, and bacterial enzymes provides 
a wide field for investigations on fermentations by 
enzymes.* 
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MEDICINE AND PUBLIC HEALTH 


HEALTH IN INDIA 

Disking his recent address before the HeiiRal 
Medical Conference at Asansol, Dr K. K. Sen Gupta 
painted a gloomy all-Tndia i>ieturc and emphasized 
the urgency of health i)roblenis. lie said, *Over 6 
million i)et)j)le die from communicable and ])reven- 
tible diseases every year, and the expectation of life 
which is about 63 years in Australia is only 27 years 
in India*. lie recognised that the absence of a 
national health i)olicy was the root cause of the evil. 
Rural areas in India has on an average one doctor 
for every 70 villages or one doctor for some 40,000 
people. 

It has been estimated by the National Planning 
Cotnmittcc that there must be at least 400,000 medical 
men to provide a full medical unit for every t,ooo 
people. Dr vSen Gupta suggested that to get more 
doctors India could follow the example of vSovict 
Russia. In 1014, Russia had one doctor for 7,200 
pcoide. To remedy the evil Government multiplied 
their medical institutions which worked double shift 
and by 19/to their number was raised to one doctor 
for every i,.soo peoide. To encourage doctors to settle 
in villages, the Health Ministry guaranteed by legis- 
lation the status and comfort of the country doctor. 

Dr Sen (hipla demanded that the Government 
should assume comjilete control over medical matters, 
viz., those concerning medical education and services, 
registration, manufacture of drugs and medical 
accessories. An act should also be i)romulgated for 
the summary trial and punishment of all persons 
guilty of food and drug adulteration. 

We fully endorse the views expressed Ijy Dr vScii 
Gupta and urge the Government to shake off its 


lai.^sez fairc policy with regard to health problems in 
India. A national health policy is urgently needed 
to fight the evils, and without it there could be no 
improvement of the public health of the country. 


BACITRACIN— A NEW ANTIBIOTIC SUBSTANCE 

Tiik discovery of a new antibiotic substance 
recovered from a strain of the B. Siibtilh group of 
organism has been announced bv' a group of three 
workers, B. A. Johnson, II. Anker and P. L. 
Meleney, in Scirncr, October 12, 1045. Certain rod 
shapetl bacteria isolated from wound infections were 
found to inhibit the gn)wth of other bacteria grown 
in the same laboratory dishes. One strain isolated 
from tissue debrided from a compound fracture of the 
tibia was particularly active. Pure broth cultures of 
the bacillus, from which living cells were filtered, 
possessed strong antibiotic activity, and investigations 
were undertaken towards concentration and isolation 
of the active principle which has been given the name 
“Bacitracin**. 

The new antibiotic .substance is neutral, water 
soluble, non-to.\ic and relatively heat-stable. In 
vitny, it attacks chiefly Gram-positive organisms such 
as spreptococci and staphylocf)cci, but the gonococcus 
and the meningococcus are also susceptible to its 
action. In vivo, it is active against cxperimentallv 
produced haemolytic streptococcal infections in mice 
and gas gangrene infections in guinea pigs. Trial on 
human vohuiteci.- has produced encouraging results 
against local haemolytic streptococcal and staphylo- 
coccal infections. 
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KAMALA AS A COLOURING AGENT FOR HYDROGENATED VEGETABLE OIL: 

ITS TOXICITY ON WHITE RATS 


J. C. GUPTA ANi> M. L. CHAT'nCRJKlL 

DliPAKTMKNT OF PHARM\C0L0(;Y, SCHOOL OK TROl'JCAI. 
MKDICINK, CALCUTTA 


“J^AMAI has been sug><eslc(l for use as a 
colouring; matter to render vegetable oils easily 
(listingTiishalile from glicc. The present work was 
taken up at the request of the (Government of India 
to liud out the toxicity of tlie drug when used as 
colouring- agent for edilile oils or fats. 

Kotlicra tincloria ROXH^ or Mallotus phillil*- 
l)incnsis is a small evergreen tree belonging to 
Kuphorbiaceae or Spurge family, grown thr</Ughoiit 
tropical India. This tree bears capsules which are 
covered with numerous minute glands and hairs. 
“Kamala** consists of these glands and hairs covering 
the capsules. It occurs as an odourless, nearly taste- 
less granular brick red powder, insoluble in cold 
water, siiaringly soluble in boiling water, fairly 
soluble in alkaline solutions, and alcolnd ; it is, how- 
ever, readily soluble in ether. W’arm oil dissolves in 
it a large proportion of the dye, forming a deep red 
solution turning, when set, to orange yellows golden 
yellow or yellow’, depending on the concentration of 
the dye used in the solution. Tliis clianging in colour 
in oil, when setting, renders it very diflicult to tlx 
the standard and match the colour by means of a 
Lo vi bond T i nt om et er . 

The value of “kainaki” powder as an anthcl- 
meutic against Taenia was recogni/xd even as early 
as in the last century (Waring 1S74). Its remedial 
effect against thread wtnins, roundworms and hook- 
worms was once claimed, but later disproved by the 
same worker (Tarapore igu). This drug was tried 
and proved to be a failure against hookworm and 
roundworm infection (Cains and ^fhaskar, 1021). 

Numerous chemists have investigated “kamala**, 
and at least six distinct substances have been isolated. 
The. most imi)ortant of these is rottlerin, a derivative 
of phloroglucinol intimately related, from a chemical 
and pharmacological point of view, to filicin of ‘male 
fern', and kosin of kiiosso. 

Regarding the toxicity of the drug. Semper 
(1910) carried out e.xperiTiients on frogs, tadpoles and 
worm.s and found a striking paralyzing effect on the 
motor nerves and muscles of frogs. On the other 
hand Semper came to the conclusion that *‘kamala” 
and its products are not absorbed when given orally 
to dogs. It is commonly stated, however, that in full 
doses (i.e., in 2 to 2% drachm doses) the drug is 
actively or even violently purgative, causing in many 
cases considerable nausea and vomiting. 


After preliminary experiments on cats, rats and 
guiiicapigs, investigations were done on white rats 
of known weights (viz., 100 to 150 gm), having 
measured quantity' of diet niixeil with dalda (hydro- 
genated vegetable oil) coh)ured wdth “kamala" dye 
or powder, along w ith other rats similarly without the 
dye. The daily dose of the powder or the dye from 
it, used in the oil, was kept constant throughout the 
course of experiments and this was higher than or 
approximately etjual to the maximum single dose used 
as aiithelmentic on Immaii adult. 'Die daily (iiiantity 
of the oil thus coloured was according to the basis of 
weight in proportion to human adult.s (calculated as 
50-60 kgin). The temperature of the oil was raised 
daily to ordinary cooking temperature (i.e., 160^- 
170^0 l.>efore its administration with food. The dye 
or the powder was administered daily for varying 
1 periods from 6 weeks and to 6 months. 

Three different varieties of coloured dalda, used 
in the exiicriinents, were prepared as follows: — 

1. By cooking- the powxler in 5 per cent coii- 
centratioii in dalda for 10 minutes at a temi)eraturc 
of average 160^ to i/o^C, in the presence of moisture, 
as is obtained in ordinary cooking. This cooked 
pow’der was allowed to remain in dalda (unstrained). 

2. By following all conditions as above, the only 
difference being that the cooked powder w’as strained 
out, thus allowing only the dye agent to remain in 
solution in dalda (strained). 

3. By heating dalda alone to the above tem- 
perature and then keeping “kamala" powder in 
5 per cent concentration in contact with hot dalda for 
15 miuutcs, subse<iueiUly straining off the kamala 
l)ow’der, allowing only portion of the dye soluble in 
hot dalda to remain in solution. The oil was pre- 
vented from setting by keeping it in contact with 
warm water, during the period of extraction of the 
dye. 

It may be noted, however, that during the course 
of experiments siiread over a period of six months, 
the above stocks of dalda were prci)arcd, once and 
for all, before the cominencenient of experiments, 
liach day the reipiircd amount was heated to about 
cooking temperature for a short time prior to mixing 
them in definite quantity with the weighed amount 
of diet of animals. The quantity of dalda was the 
same in all, viz,, 4 c.c. per kgm. body weight. The 
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six series of rats used in the experiineiit, were 
distributed as bellows: — 

The first scries was used as control by adminis- 
tering only dalda with food of animals in such 
(Iiiaiitity which may be considered maximum for 
human consumption ordinarily (i.e., 4 c.c. per kgm. 
b(xly weight, which is equivalent to a little over 
b ounces for an average adult weighing 50 kgm.). 
(Results in flratdi No. 1). 

The second, third and fourth series were given 
varying proportions of the dye in dalda containing the 
cooked “kamala” powder from the stock noted under 
(i) above. The concentration used per kgm. weight 



Graph No. 1. {Control) Dalda only 4 o.c./kgni. I^ody 
weight. 


,, 2. — Concentration of powder (5*;^) 

unstrained and cooked. Dose- - 
0 2 mgmigm. which is equiva- 
lent to 10 gins, for siii adult ol 
50 kgm. 

„ 3. —Concentration of powder (vS%) 

un.strained and cooked. Dose— 
O’OS mgmigm. which is equiva- 
lent to % of the dose used in 
Graph No. 2. 


Note : (fl) The quantity of oil in control as weil as in the 
body wc’ght). 

(d) Figures on the ordinate of the graphs indicate 
\ experiments. 

(c) Straight line indicate weight of animals and 


of animals were o‘2 gm (i.c., 4 c.c. of 5% solution), 
o‘o5 gms/kgm. (i.e., 1 c.c. of 5% solution), 0*025 
gms/kgm. (i.e., 0*5 c.c. of 5% sohition)— daily res- 
fiectivcly. It may be noted that the dose of 0*2 gins/ 
kgm. is e(iui valent to 10 gms. or approximately 

drachm for an adult of 50 kgm. (Results in 
(Iraphs 2, 5, 4)- 

The fifth series was given from the stock dyed 
dalda noted under (2) above, in a concentration of 
the dye ctpiivalent to o' 2 gms/kgm (i.e., 4 c.c. of 
5% solution per kgm.) of the kamala powder. 
(Results in (Iraph No. 5). 





Graph No. 4. (Con/ri>/)— Conceiilralion of powuler (5%) 
unstraimd and cooked. Dose — 
0025 mfiinlgm. which is equi- 
valent to of the dose used 
in Graph No. 2. 

,, 5. Concentration of powder (5%) 

cooked and .slrainetl. Dose- 
0-2 mgmigm. which is equiva- 
lent to 10 gms. for adult of 
60 kgm. 

„ M 0. Concentration of dye as obtain- 

ed from (6%) powder in hoi 
dalda for 15 minutes (Note that 
ihe powder was not cooked in 
oil) and then strained. Dose- - 
same as in Graph No. 2. 
experiments was the same in all cases (i.c., 4 c.c. /kgm. 

weight in grams and those on the abscissa w'eeks of 

dotted line that of rejection of food in grams. 
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The sixth series receivetl from the stock noted 
under (3) above (i.c., daily dose per kgm. was 4 c.c. 
of dalda dyed with 5% “kaniala** powder). (Results 
in Graph No. 6). 

Apart from observation in changes in weight, 
and the rate of intake of food l:)y the rats, histological 
studies on sections of liver, kidiiev' and suprareiials 
were made at varying periods for evidence of toxic 
manifestations, if any, to the presence of colouring 
matter or the powder itself. Materials bw histological 
studies were collected by stunning the animals at 
different periods in the course of invesligalion : — 
(a) after the completion of 6 weeks, and (/») after tlio 
completion of 12 weeks, and (c) otliers just after 
24 week ; with a view to observing changes, if any, 
produced after long continued feeding of the dye. 

Weekly records of weiglit and of intake of food 
during the i)eriod were maintained for the purpose of 
determining the toxic effect of the dye as reflected 
on body weight of the group of rats used in the 
e.xperiment. It was noted that the animals irres])ec- 
ti\e of the form in whicli the dye was used, rejected 
from time to time, the effect of whicli was reflected 
in the weight of the animal on the following week. 

It will be seen, however, from the curves that 
the variation in the amount of rejection of diet by 
different groups of rats, including the control group, 
is nearly of tlie same order, liaving no particular 
relation to the admixture of the “kaniala’* powder 
or its dye. The curves furtlier tend to indicate a 
negati\e correlation between the weight of the animal 
and the rejection of diet in all the groups. This 
fluctuation of weight in the different gnnips of 
animals is not of great magnitude and is practically 
of the same order. The explanation regarding thi'^ 
fluctuation in weight, as seems dependent on the 
rejection of food, is due, i)erhaps, to the satiety 
caused by the oil administered in food which is not 
a normal diet for this animal, since the grouj) which 
had received no dye and served as control also showxd 
similar disinclination to food from time io time and 
a conseiiuent loss of weight on the week following. 


The histological evidence in liver, kidney and 
sui>rarenal glands of white rats fed on dalda with 
“kamala” after 0 weeks, 12 weeks, ami 2.^ weeks 
showed no structural changes even w'ith a high dose 
of o‘2 mgm. per gram weight of the rats. 


SUMMXRN AND CONCI.TJSION 

1. The present paper is a study into the toxicity 
by oral administration in white rats of a vegetable 
dye (“kamala” ijowder or, Mallolus l^hillippiui nsis) in 
a vegetable oil (dalda) extending over a period of 
h months 

2. An attempt has been made to liiul the correla- 
tion between the average rejection of diet, average 
weeklv dellecticm in weight and the toxicilv of the 
“kamala*^ dye. 

A. The changes in the weight of rats under the 
dye or kamala p{>wder and of tho.se under the control 
experiment api^ear to be of the same order in all the 
different groups of experiment and are, therefore, 
more due to tin* rejection of diet, which may arise 
either from the satiety caused by the oil which is not 
a natural food for rats or due to some factor other 
than the toxicity of the dye. 

4. Absence of histological changes in the 
structures of liver, kidney and suprareiials of rats 
examined at different intervals one and half 

months, months and six months) indicate the 
absence toxicity of the drug even when given in 
fairly high concentration. 


Reference: 

1. Cniii.s, J. 1’. ;uid .Mlinskar, K. S.— 0/(/. Join. Mi'd. Res., 
9. 202, 1021. 

2. {Semper, A. Ah Jt. ExpL Path, ami Plunin., (U, 10, 1010. 

3. W.'iriiig, E. J. Ha/iiar Medieiiu^. lS7t. 

4. Tarapore, P. K. -.\ note on .Viikyloslduia iiifi'i tidii and 
Ankvli»stoniiasis in the Mandak'w Ceiilral Jail. 1012. 
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There's Work for AH -by Michael Voiiiig and 

Thcudoi I'rager. Published by Nicholson and 

Watson, London. Price ^s. net. 

Ill this booklet published by Nicholson and 

Watson under tlie ‘New Democracy Series*, the pro- 
blem of full employment and its possibilities are fully 
exjjlored. hull Employment and Social Security are 
indeed the twin objectives of all contemporary capi- 
talistic planning; and of these two the former gets 
l)roeedence. As Beveridge has put it, the destruction 
of the giant of Idleness will pave the way for the 
tackling of the other four giants vie., Want, Squalor, 
Ignorance and Disease. In the immediate post-war 
period it is this eontingeiicy that is staring the 

milliiais of workers in Britain and other countries in 
the face that of “getting the sack**. In fact all the 
bigger promises of Britain will be empty and void 
if she can not jirove herself eipial to this task of 
proN'iding wtnk for all who are willing and able to 
work. The writers have, as non- technically and 
thoroughly as is possible within the short space, ex- 
plained the latest and the most accurate theory of 
mass \ineinploymcnt with which Lord Keynes has 
familiari/ed us in his “(General Theory of Kmploy- 
incnt. Interest and Money**. The concepts of under- 
spending and under-consumptions arc ably discussed 
and the relation between consumption-demand and 
investment-demand is lucidly explained. The course 
of the trade-cycle is illustrated with charts and photo- 
graphs in such a way that it directly brings home to 
the reader the exact state of affairs. The causes of 
general unemployment are discussed and the .so-called 
‘remedies’ are inoiiounced to be inadequate. The 
While Paper on Emplo\'meiit Policy by His Majesty’s 
('loveniineiit is fouml lo be little more than a 
confusion of thought. Ivveii if the scheme outlined 
does work, it will fall miserably short of the actual 
reijuireinciits. The changes in .social Insurance con- 
tributions will be hopelessly inade(|uale “lo offset 
any substantial fall in consumer .spending**. The 
real remedies ultimately reduce lo two vie., enlarging 
the .scope of public investment according to “standards 
of social priority** and redistribution of income from 
the rich to the poor with a view to increasing the 
“propensity lo consume”. Allied ncces.sities of 
(.'iuverniiient control over the capital market as well 
as over bank credits, some form of price-control and 
the operation of certain basic and key industries by 
the Government arc akso con.sidered. 

l{veii though general unemployment ciin be 
thus conquered, special types of uneniployment would 
still remain, each for its own appropriate policy. 


Thus the writers face the problem of “casual un- 
employment” and discuss the w^ar-time elimination 
of this form— the “decasualization” which has been 
made a reality. Seasonal unemployment has only one 
remedy, the provision of alternative occupations for 
seasonal workers so that there is always something 
for them lo do in the off-season. But the most for- 
midable enemy is that of structural unemployment 
and the remedy for this is a well-planned location of 
industry. “The rule should be that industry should 
move to the labour, not labour to indiLStry.” 

The international aspects of full employment are 
considered and it is found that the popular mis- 
aiiprchcnsions that U. S. A.*s economic and foreign 
trade policy would run counter to Britain’s aim at 
maintaiiiiiig full emi)loyment are groundle.ss. The 
writers close- with a discussion of the ]>lans to he 
undertaken in the immediate post-war period those 
of health, housing, sanitation, education, transport 
and so on. They conclude that if these plans arc* 
truly conceived and properly executed, there will be 
not shortage of w’ork but shortage of labour. The 
spectre of uncmj>loyment will be a thing of the jiast. 
To this effect, a Four-year Plan, rather a scries of 
Four-year Plans, is warmly recommended. An iii- 
(inisitive reader would ask whether the .special 
sanctity w^hich the writers seem to attach lo Four-year 
IWiui.^ is because of the Russian association with 
Five-year Ilians, 

The Inightcst feature of the book is its wealth 
of i)ictorial charts designed by the Isotype Institute 
and photographs, in its marvellous collection of 14 
pictorial charts aiid 84 photographs, its .superfine get- 
up and its masterly discns.sion of the .subject-mallei , 
it rei>rcsents in every respect an ideal which our 
Indian publications ought to aspire after. 

T. K. B. 


Flowers in Britain (wild, oniamental and economic) 
— By L. J. F. Briinble. Pp. x 1394 with 17 
plates and 167 text figures. Macmillan & Co. 
Ltd., London. Second impres.sioii, 1945. Price 
125. 6d. 

This is a book primarily meant for the layman. 
No jirevious knowledge of botany is assumed and 
thousands of non-botanists wanting to know about 
Britain’s flowering plants may read this with profit. 
It is not unusual to find academic botanists who are 
often unfamiliar with garden flowers, and their 
knowledge regarding them is often much less than 
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the ordinary gardener. The hook is intended for 
them as well. 

Apart from the garden plants, the relationship of 
such plants with the wild species and the origin of 
most of the British garden flowers, fruits and vege- 
tables are given. The subject of garden flowers 
become complicated with its large varieties and hence 
only those well-known are mentioned. The book in 
addition contain chapters on the structure of plants, 
their classification, habit and habitat, and the t)art 
played by plants in history and folk-lore. 

An admirable feature of the volume is the way 
in which the author has enriched his descriptive 
accounts not only with copious pictorial illustrations 
— which is usual-' but with poetical illustrations as 
well — which is more or less unusual and shows 
perhaps that the true botanist is also something of 
a poet ; he must have an exquisite feeling for form 
and colour and touch — such as should turn a mere 
man of science into a hedonist of sensations. After 
all by nothing is English poetry so distinguished 
as by its 'floweriness*,- -and since Shakespeare’s 
"Daffodils’* 'took the winds of March with beauty*, 
a rich procession of poets have made English flowers 
a thing to dream of even to many who have never 
seen them, — and Botany "something more than Eatin 
names’*. 

But for a few mistakes that could be corrected 
in the next edition the book is an admirable pro- 
duction in botanical literature. 

C. clilorious in p. 380 should be corrected as 
C. (ylilorius, 1 lyocyiwius in p. 382 to be corrected 
as ilyoscyamtis. In the index Armerin warilinia is 
mentioned in p. 24.S and not 2 /|E similarly Queen 
Victoria in p. 239 and not in p. 177. The mori>hologv 
of the banana needs revision in the light of recent 
investigations. 

A bibliograidiy of references at the end of the 
book would be useful for the iiujuisitive mind. 

A. K. G. 


Beautiful Flowers of Kashmir — By Ethelbcrt 
Blatter. Vol. II. Pp. xvi t 204 with plates 28, 
figures r68. Staples and Staples Ltd., I^ondon. 

A reprint of the X^olume I of this book was 
reviewed earlier (vSciknce and Cpijurk, July, 1945) 
and wc are glad that the Vol. II has appeared soon 
after to complete the set. The second volume 
appeared for the first time in 1929 and it is encourag- 
ing to note that books of this nature has now i 
wider demand. 

This volume includes the families Compositac to 
polygonacece, Gnetacece and Hydrocharilacic to 
Halorrhagidacecp. It is written on the same plan as 


Vol. I excepting that the derivation and meaning of 
the botanical names have been added. If facts c«)n- 
cerning the economic usc.s and folk-lm’e of the various 
plants were added, the J)ook would have been com- 
parable to Brimble’s book reviewed above. A key 
for the ideiitilication of species and the glossary will 
be Very useful to those for whom the book is 
intended . 

The erroneous position of l-iUticcac in ]). 168 
should have been corrected in tin's reprint. 

The review would be iiic()mi)lete without a word 
of prai.se for the illustrators, Mrs CL A. Walhen and 
Haidar Joo W'alli. 

A. K. G. 


Economic Policy and Programme for Post-war 

India - By Xalini Ranjan v^arkar. Published by 

the Patna rniversity. 

In the broeluire published by the Pallia University 
as Banaili Readership Lectures, Mr Xalini Ranjan 
vSnrkar, stresses the urgent need for a i)lanne(l deve- 
lopment of Indian Ircoiioiny in the iiiiniediate post- 
war period and shows the lines along which it should 
progress. The ai>palling [loverty and the abnormally 
low standard of living are brought intf) clear relief 
and the observation of the l\conomisl is (pioted with 
approval : "The Indian worker spends in a year what 
the Jh*iti.sli worker spends on cigarettes’*. The real 
problem is how to raise the iicr cainta inctmie by 
augmenting the cinantmn of wealth and from this 
jioiiit of view', the i*xchtsive attention on agrienllurc, 
which has becimie a fetish with the ('loveniincnt of 
India, of late, is severely criticized as a fundamen- 
tally wrong emphasis. The fnndaniental (pieslion 
today seems to be not so nmch the improvement of 
agricultural methods in order to sustain the fast in- 
creasing pressure of population on land, for here the 
bottleneck will be reached very soon, but to release 
this pre.ssure by providing alternative avenues of 
employment in industrial and other occupations. 

With the need for industrial dcvclojmicnt at a 
fairly ra])id pace thus established, the need for a 
well-planned approach becomes paramount. Much 
harm has been wrought in the past by the essentially 
unco-ordinated and planless nature of our economic 
development in general and industrial development 
in particular. As a direct consequence, the startling- 
paradox of "poverty in the midst of plenty*’ stares 
us in the face. 

So we have to plan, and in plaiiiiing our target 
should be “Big F'ive*’ tlic adccpiate provision of 
the five items of food, shelter, clothing, health 
services and education. In monetary tertns, the 
standard of per capita income, Mr Sarkar thinks, is 
difficuU to calculate. The Rs. 74/- suggested by 
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Bombay Plan is taken by him to be the "barest 
luinimnm" and in fact, a similar figure he seems to 
have in mind while describing a subsistence minimum 
up to wliicli there should be an absolute equality of 
income level. 

He makes a careful study of the resources at our 
command and estimates our agricultural, forest, 
mineral and livestock resources, 'capital and savings 
and man-power. The overall position regarding 
natural resources is summed up thus ; "In absolute 
terms they are not inconsiderable. But when related 
to the 400 millions of our population, the resources 
per head considerably thinner." Naturally, they 
do, but does it give any ground for i)essinnsm in 
jdanning? Furthermore, stress must be laid on our 
unexfdoretl resources which the writer has mentioned 
in jjassing. Finally, however, he comes to the con- 
clusion that "Vast as our reciuirements are, the two 
(resources and ref|uiretuents) together leave no dis- 
heartening cliasm between them." 

Tlie cry of agriculture r.v. industry is duly con- 
sidered and it found out that they a»'e "comple- 
mentary to an unexi)ccted degree". Regarding the 
platining of agricultural production, the s^ope of 
co-operative farming, manuring and use of fertili'/ers, 
reform of land revenue system, etc., are examined 
and ail instructive discussion on Tennessee Valley 
Autliority and its lessons for us, is added. In indus- 
trial planning, the vpiestion of priorities is touched 
upon. In common with many other writers the 
present author warns us of the mistakes of Russian 
planning in putting too much emphasis in the initial 
stages on durable I'apital goods which take a long 
lime to come into being. India should take a useful 
cue from that if the hardship on consumers is to be 
minimi/.ed. Another ])cculiar characteristic which 
India shares with Ja])aTi is her relative superabundance 
of labour and scarcity of capital and the consequent 
utility and need for cottage industries is taken proper 
notice of. Allied problems of protection, location of 
industry, transport etc., arc also considered. 

In discussing the distributional aspects of the 
l)lan and the role of the vState in it, Mr Sarkar is 
treading on controversial grounds and is fully cons- 
cious of it. He steers clear of political partisanshi]) 
and ideological conflicts and in the field of State 
Control, prefers the Aristotelian "golden mean". 
"State ownership" he frankly declares, "has no magic 
for me". I.ouis Fischer’s system of checks and 
balances outlined in his "Men and Politics" is warmly 
apj)rqvcd. Private initiative and vStatc Control should 
not be at cross- purposes, but should "pull the 
national wagon side by side". In theory, it is quite 
attractive, but in the field of actual execution, diffi- 
culties seem to be legion. Private initiative, if it 
is to be properly controlled and prevented from 


running at cross-currents with State initiative, may, 
at times, dwindle to nothing and we must be prepared 
fox that contingency. The real trouble is that so 
long as the^State machine is run by the wielders of 
economic ppwer—a syndicate of capitalists — the 
ultimate object of planning "the greatest good of the 
greatest iluinber" as Bentham would have it, can 
never be achieved and so you have to come to some 
form of Socialism. 

Regarding distribution, he thinks of absolute 
equality as impracticable. He believes in Laski’s 
definition of equality as "essentially a problem of 
proportions". But it is difficult, and the writer 
should have admitted tliat, to predict what that pnj- 
portion is going to be. In this field, it is wisest to 
refrain from attemi>ting to give an exact picture of 
the shape of things to come. 

Barring a few conterversial topics which he has 
discussed, the writer has generally confined himself 
to well-accepted observations and recommendations 
and we hope the reader will find a thorough and over- 
all survey of the problem of planning and its implica- 
tions. He will be disappointed if he expects to find 
something strikingly original in it, but here is a very 
useful compendium and commentary on the various 
plans that have been put forward from time to time. 
Perhaps one would have wished the problems raised 
herein to ])e discussed in greater details, but one 
would reali/.e that no better justice could have been 
done to them within the space at the writer’s disposal. 

T. K, B. 


A Class Book of Geology of India (for junior 
studcnts)-By N. C. Mittal, B.vSe., F.G.S., 
M.R.A.vS., M.M.O.I. To be had of Messrs. 
Malhotra Bros., Jammu ; Pp. 108, with 2 maps ; 
Price Rs. 2/8/-. 

A text book on Indian Geology for students 
preparing for Intermediate vScieiice Examination in 
Geology in the Indian Universities is in great demand. 
The jjresent book claims to be one for such purpose. 
Unfortunately it has not been written with as much 
care and attention as such a book demands. As a 
result it has come out extremely scrappy and sketchy. 
Even a cursory reader cannot but be struck by its 
dcsultoriness. 

The book would have been much more itseful 
had the chapter on "Physical Features" been Ic^s 
fragmeiitary and had contained a little more matter, 
had the stratigraphical details been sacrificed to a 
better and more elaborate treatment of the geological 
deductions and reconstructions, and had more in- 
formation of i>ractical and general interest been 
added to the chapter on "Economic Geology". The 
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section on Archaean rocks is particularly out of date 
and even incorrect at several spots ; the Vindhyan 
formation, the Siwalik mammals should have received 
greater atteution, and tlie names of ores of - many 
metals, so glaringly missing ought to have found 
place. ' 


The two maps attached ill serve the author’s 
purpose, the map shriwing mineral distribution parti- 
cularly. 

There is a lot of printing mistakes. 

.S'. K. R, 


LETTERS TO THE EDITOR 

[The editors a^e not responsible for the views expressed in the letters.] 


RETTING BY HIPAROL AND ITS COMMERCIAL 
APPUCATION ' 

The following is the criticism of the article • 
Retting by TTiparol and its Commercial Possibilities 
by Mrs. P. Baruah and Dr TI. K. Baniah, published in 
SCIKNCK AND CttlTURK, Vol. X, page 201-205, 1044. 

The practical possibilities of the enzyme called 
Hiparol, as claimed by the authors of the article, 
appears from the work done to be rather hastily con- 
cluded from small scale and ])urely T.aboratory Kx- 
periments without any proper control. There are 
also certain mis-statements and contradictions in the 
article which exaggerate the claims put forward. 

vSoinc of these inav be mentioned as follow'S : — 

✓ 

T. In jute 15 to 20 days arc usually taken for 
retting under normal condition and not 6 to 10 weeks 
or more as stated. 

2. In table 4, it is show’ii that immature jute 
takes longer time to ret than mature jute i.c., 50-40 
hours as against 18-34 hours. In common exiierieiice 
it is just the opposite. 

3. In the middle of page 20^, first column, 
the authors again state that the apical portion {i.c., 
immature) took 12-18 hours as against 24-40 hours of 
middle and basal portion (i.e., mature), which itself 
contradicts the result shown in table 4- 

4. The work has been conducted with small 
portions of stems as 2 cm., 7" bits, or single plant. 
The value of the data w'ould have been greater if 
larger quantities of plant material have been used. 

5. From the paper it is evident that with in- 
crease in volume of the .material used the time for 
retting with Hiparol also increases. 

With 2 cm. bits retting period is shown 
8-to hours. 

With 7" bits retting period is shown 
18-24 hours. 

With single plant retting period is shown 
96 hours (or 4 days). 


In practice single plants arc never retied. They 
are steeped in bulk consisting of bundles of 100 
plants or so. If from 2 cm. bits taking S-io hours, 
the time of retting a single plant increases to 4 days 
and if the duration of retting period is proportionate 
wnth the volume of the material steeped, it can be 
imagined how’ long bulk steeping in Ilii^aml will 
take, compared to natural steci)ing method, w’hich 
takes only 15-20 days. 

6. At no stage the authors appear to have used 
retting in ordinary water as control. Even if the 
effectiveness of the new enzyme is imr>roved so far 
retting of the common fibre i»lants of this country 
are concerned, its fuhire possibilities are rather re- 
mote. Any method as envisaged by the authors, 
primarily will require retting tanks and complicated 
system of controlled retting which is hard io visualise 
on ordinary cultivator growing from i to 10 acres of 
jute or sunnhemi) at the utmost, to be able to afford. 
The.se common fibre plants of this country are also 
such which cannot be left long after harvest to be 
transported to central Retteries as is done with Flax 
in Europe. Again in Flax, the authors’ data do not 
show’ any appreciable effect. In table 5, they have 
shown that limim which is presumed to be h'lax, 
takes 2-3 days, whereas in ordinary water having 
average temperature of 8o®F, 30-48 hours is <piite 
enough. 

On the question of cost the authors merely men- 
tion ‘'Hiparol appears to be reasonably cheap and 
easy to handle, (details of w’hich are intended to be 
published later).” In this connection it may only be 
observed that controlled methods even if adopted 
can hardly compete with methods based on natural 
re.sourccs and which is more aptdicable to a country 
like India. As an exami)le it can be stated that 
Bengal’s monopoly in jute fibre is mainly due to 
nature’s gift of plenty of retting w’ater w'hcn it is 
actually needed. It is a well known fact that jute 
can grow w’ell in many other countries, and also 
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has been grown, but none have been able to compete 
with Bengal jute in price by whatever methods they 
may have employed, only because the natural re- 
sources arc not available there. 

E. A. R. BANKRjl 

Office of the Asst. Fibre Expert, 

Bengal, 2-O-1945. 

[ We sent a copy of the above note, to Dr and 
Mrs. Harufih, to enable them if they so 'Icsiretl to .answer 
the several points of criticism of their pirevious publication 
contained in Mr. Bnnerji*s letter. The former have inti- 
mated that in view of the detailed report on this subject 
published by them in the present issue of SciKNCK and 
CULTURB, they do not think a separate reply is necessary. 
—Ed., Sc. & Ot/.l 


DARKENING OF TOMATO JUICE 

Under the head “What Scientists are doing” in 
the July, 1945 issue of the Indian Farminir, we find 
a note regarding the prevention of darkening of 
tomato juice. Two methods have been suggested to 
prevent the darkening of tomato juice as worked out 
l)y the \"egctable Specialist, T.yallpur. In the same 
note a hint lias been thrown regarding some possible 
relation with the iron content of tomatoes and juice 
darkening. While the author has nothing to say 
regarding this point he finds certain drawbacks in 
the methods suggested to prevent darkening of juice, 
which arc detailed below. 

According to the first method suggested, the 
darkening can be prevented by putting into the bottle 
at the time of the filling, a thin .strip of tin plate 
equal in length to the hciglit of the juice. The 
application of this method on a commercial scale, it 
must be said is impossible. No amount of favourable 
propaganda would induce the Indian buyer to buy 
bottles with tin strips sticking in them. Moreover 
the factories dealing with bottlcfl products will find 
it difficult and also expensive to obtain strips of tin 
idate for each bottle of tomato juice. Then one 
would liave to imagine the vast quantity of tin plate 
required annually for filling tooooo of the 13 oz. 
bottles of tomato juice. Now taking the second 
method of keeping the bottles in diffn.se light, wc find 
that this is again impossible in practice. Most 
factories have only underground cellars for storage, 
in view of the extreme heat of the plains in the 
summer months. Even assuming the factories pro- 
viding for ])ropcr lighting of the storage rooms, how 
arc the numerous dealers to be induced to adopt 
such methods. 

From his own experience the author feels that 
the darkening of tomato juice is not such a serious 
problem and that the darkening is really, a result of 


presence of air, which may be due to leakage after 
bottling and capping or is a result of imperfect ex- 
haust. It would be worthwhile to carry out iij- 
vestigations on the.se lines to evolve a really practical 
method of preventing the darkening on a large scale. 
Moreover, if the darkening could also be correlated 
in some way with the iron content of tomato, a way 
to a practical solution of the difficulty could probably 
be easily found out. 

The author is indebted to Mr K. P. Bhargava. 
Proprietor, G. O. Fruit Factory, Agra, for kind 
permission to publish this note. 

K. C. Batra 

G. G. I^aboratorics, 

G. G. Fruit Preserving Factory, 

Agra, 20-9-1945. 


MEASURES OF HETEROGENEITY IN AGRICULTURAL 
AND SIMILAR FIELDS, AND THEIR INTER-RELATIONS 

Harris' (1015) projiosed the intra-class correlation 
co-efficient of yields from adjacent areas as a 
“co-efficient of heterogeneity”. Fairfield Smith® 
(1938) thinks that a fertility contour map or his 
6-co-cfficicnt of variance serves the purpose better. 
Mahalanobis’ (1944) proposes variance function, cor- 
relation function and the number of patches in a 
contour map for the same purpose. 

It can be easily seen that the pattern in a field 
may be of two qualitatively opposite types, (a) homo- 
geneous and (b) hctcro.gcncoiis, witli the (c) random 
type, intermediate. There will obviously be quanti- 
tative differences also (in relative heterogeneity) 
among fields belonging to any of the broad types 
(flr) or (b). We may conventionally call type (a) 
positive, type (6^ negative and type (c) zero, in 
accordance with the nature of association between 
neighbouring areas. 

It is obvious that all measures of heterogeneity 
should tally broadly, if not in detail. The relation 
betwv *n variance and correlation being simple, that 
between correlation and number of patches has been 
taken np for study. Starting from the simplest case 
of a linear field with a binomial variate, it can be 
shown that the serial correlation with unit gap (t.c., 
for adjacent cells) 


where p is the proportion of any of the binomial 
characters, q — and ar is the ratio of number 
of patches to the number of cells. This relation is 
strictly true, if we convert the linear sequence (or field) 
into an endless chain by linking the last cell with 
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the first. For the original field, some oorreotion is 
necessary which, however, is negligible if the number 
of patches (or cells) is large. 


As soon as we pass over to a multinomial or a 
two-dimensional field, it can be shown that there can 
be no such simple and unique relation lliough there 
will be broad correspondence. 


The sampling distribution of of equation (i) 
in case of a random arrangement has ])een worked 
out. p can assume a set of discrete values between 


the maximum i — 

Npq 

I — (whichever is 
Q 


and the minimum i — -- or 
P 

greater), changing by equal 


steps of — ’ where N is the total nuiiiber of cells in 
Npfi 

the endless chain. And the probability of p being 


equal to i — is 

pq 


^Np - 1 ^.Nq ^ Np ^ Nq - I 


c 


A’- 1 
Np 


C 


A-1 


Nq 


( 2 ). 


(Tile probability for the minimum value of p how- 
ever, is given by a slightly different expression). 

If however /> itself is vSubject to sampling 
flucluation the populalion probability value being 

TT p can change by steps of ^ from o to i and the 


probability of getting p is 


r'",. to. 

^Np 

And the i)robability of getting jointly p and p is given 
liy (2) X (3), and the xirobability for p is derived by 
summation of (2) x (3) over all poSvSiblc value of p 

My thanks are due to vS. N. Roy for his kind 
interest. Inirther theoretical and experimental 
studies arc proceeding. 


Birendranatii Ghosh. 

Statistical Laboratory 
Presidency College, 

Calcutta, 4-10-1945. 


' Harris, Amer. Nat., 49, 430-54. 

‘Smith, r. J. Agri. Sc., 28, 1-23. 

‘ xMahalanobis, P. C. Phil. Trans., 23in, 329-451. 


THE OPTIMUM RANGE OF TEMPERATURE OF WATER 
FOR THE FINGERLINGS OF MAJOR CARPS OF INDIA 

It is a general practice to stock lingerlings of 
carps for rearing purposes. The temperature of 
different forms of fresh-water varies so much that 
one must know the maximum and minimum limits 
of temperature of waters in which the carp finger- 
lings can thrive, h'or example, i)»nids of the railway 
workshops or watering stations, jute mills and other 
factories have usually higher temperatures due to 
the discharge of boilers etc. in the close vicinity 
whereas hill streams, lakes or ponds on the hill top 
and ponds in connection with ice-factory or other 
chemical factory, specially that manufactures chemi- 
cals like ammonia etc. have a lower temperature of 
considerable degrees. 

In India the optimum range of temperature suit- 
able for rearing of major carp fingerlings has not yet 
been determined. Considering its highest significance 
we set a series of experiments with the usual control 
to ascertain the effect of niaxinium and miiiinuim 
temperatures of water in which the carp fingerlings 
could thrive. 



Fig. I. 

Mortality curve. Plotted from the data of the 
e.Kpcriment on an aritlilog grid. 


F'or ascertaining the highest range of temperature 
on the life-activity of fishes we kept carp fingerlings 
of at least half-a-dozen of different size and weight 
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in diflferent sets in incubators and observed that they 
could stand the temperature upto 102®F and above 
which when the temperature was gradually increased 
tliey showed a steady decrease in the activity result- 
ing ill death. The extreme was reached at ii3®F 
when death occurred within two minutes. Das' has 
shown that similar higli temperature causes death in 
some other fishes. 

For ascertaining the lowest temperature we 
carried the same experiment with carp fingerlings in 
different sets in refrigerators and it was observed that 
the fishes could adapt themselves upto 62*6®F and 
on further decreasing the temperature a steady 
decrease in the span of their life-activity was marked 
upto the limit of 57’2®F where they were found to be 
alive for 15-20 minutes. 

On raising the temperature within the limit of 


15-20 minutes to a temperature of 62*6®F they could 
be revived to activity but beyond that limit of 20 
minutes they met death. At 53*6^F no fingerlings 
could survive for more than two minutes. 

Though the fry could stand the limits of 
maximum and minimum temperatures of i02^F and 
62*6®F respectively, it was found from another set 
of experiments that they habitually lose their weight 
beyond the limits of joo^F and 65®F. Between this 
range a gradual decrease in weight was also marked. 

Thus from the above experiments we conclude 
that the major carp fingerlings tlirive well in the 
range between 65^P and loo^F if due consideration 
is taken to provide all sorts of contingencies required 
for the development of carp fingerlings. 

The results of the experiments are given in the 
graph (Fig. 1) and table below. 


TaBLK SIIOWTNO TUK RESUI.T OF TlIK EXPERIMENT PERFORMED TO DETERMINE THE OPTIMUM RANGE OF 
TEMPERATURE REQUIRED FOR THE REARING OF CARP FINGERLINGS BETWEEN THE vSIZE 6-5 MM. AND 7 MM. 


Temp, of 

No. of 1 

No. of fish 

Kind of fish 

[ Length 

Period of 

1 

Periotl of i 

water 

expl . i 

t iken iu 

taken in 

I of fish 

expi. 

survival i 

i 

53 0 J \ 

3 

8 

C. Mrigala .. 
L. roliita 

C. catla 

3 i 7 cm. 

3 ! 

12-35 r.M. 
to 

12-39 i».M. 

4 mins. 

57-2 F. 

2 

1 

5 

C. mrigala .. 
L. roliita 

4 i 7 cm. 

1 , 

1 

4 r.M. 
to 

4-20 P.M. 

20 mins, j 

59 2 F. 

2 ; 

5 

C. mrigala .. 2 , 7 cm. 

12-10 P.M. 

400 mins. 


1 

L. roliita 

3 1 

to 

6-30 P.M. 

'' 

62-2 F. 

2 

5 

C, mrigala .. 
L. rohiLa 

C. catla 

3 1 6-5 cm. 

1 

1 

11 .\.M. 
to 

10-45 A.M. 

No mortality ; 

65 F. 

2 

10 

C. mrigala .. 
L. roliita 

C. catla 

3 i 6-5 cm. 

4 , 

3 ’ 

10-45 A.M. 
to 

10 A.M. 

No mortality j 

100 F. 

! 1 

1 2 

! 3 

5 

' 

C. mrigala 

L. roliita 

C. catla 

2 ' 7 cm. 

1 : 

2 ! 

11 A.M. 
to 

10. A.M. 

No mortality 

102 F. 

! 

8 

C. mrigala .. 
L. roliita 

C. catla 

2 ; 6*5 cm. 

3 ! 

3 ■ 

! r.M. 
to 

12-30 r.M. 

No mortality 

103 F. 

2 

5 

C. mrigala .. 
L. roliita 

C. catla 

1 I 7 cm. 

1 i 

3 : 

1-30 r.M. 
to 

7-45 P.M. 

! 375 mins. 

104 F. 

2 

i 

1 

1 

C. mrigala .. 
L. rohila 

2 i 7 cm. 

3 1 

4-50 r.M. 
to 

1 5-5 P.M. 

15 mins. 

107 F. 

3 

1 A 

1 C. mrigala .. 2 . 7 cm. 

L. roliita .. 5 I 

C. catla .. 1 1 

2-36 P.M. 
to 

2-43 P.M. 

j 8 mins. 

113 F. 

2 

5 

C. mrigala .. 
L. rohita 

2 I 6-5 cm. 

3 ! 

1 

2-12 P.M. 
to 

. 2-14 P.M. 

2 mins. 


Remarks 


I Survival period very sliort. 
Temp, uusuitalde.. 


due to mortality witliin 
20 inins. U*mp. unsuilabli-. 
nrvival period increases but 
as mortality takes place 
temp, is unsuitable. 
i(> mortality, but when kept 
in this temp, for 15 days 
il decrease in body weiglil 
takes place. 

fo mortality and decrease 
ill wyiglit. Temp, is suit- 
able b)r ,nro\vth aiul inain- 
tenance. 

Do. 


Marked decrease in \vei. 4 lU 
was observed when kti)t 
in this temp, for 15 days. 

Mortality begin .s at liiis 
temperature. 

Survival period decreases. 


Survival period decreases 
rapidly. 

Survival period very short. 


Zoology Dept., 
University of Calcutta, 
Calcutta, g-io-iQ45. 


H. K. Mookerjke 
D. N. Ganguly 
S. N. Sen Gum 


* Das, A. K., Lelhal temperature of some air-breathing and non-air-breathing fishes of India, SCiunck avi» 
COLTURK, //. 164, 1945. 
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CONDENSATION OF PARA-AMINOPHENYLSTIBINIC 
ACID WITH UREA 

It is quite well known that Ihea vStibaiihnc, a 
potent drug introduced by Brahiiiacliari in the year 
1922 for tlie treatment of Kala-azar, is formed by 
interaction of /?-aininophenylstibinic acid with urea. 
In course of our researches' on this drug, ceiiain new 
observations with regard to the above reaction ha\'e 
now been made, which throw some light on the 
factors influencing the preparation of this important 
drug. 

f>-aminophenylslil)inic acid (Stibanilic acid), 
prepared by the usual hydrolysis of iJ-acetylaiiiino- 
phenylstibinic acid, has now been purified by dis- 
solving the acid in the requisite quantity of cold, 
N 

Hydrochloric acid, filtering and then precipitating 

4 

with sodium acetate. This purification has been 
carried out twice and any acetyl coiiii)Ound, which 
remained as an impurity being mixed up with slibaiii- 
lic acid, has been completely eliminated. Wlien this 
pure stibanilic acid is employed for the condensation 
with excess of urea under the usual experimental 
conditions, which consist in heating the ingredients in 
presence of water at 80® on the water-bath for about 
2 hours, only a small quantity of stibanilic acid is 
found to take part in the reaction, leaving the rest in 
an insoluble state. On prolonged heating, a clear 
solution is no doubt obtained, which ultimately 
yields Ih'ea vStibamine, Init due to this prolonged 
heating there is move formation of antimonious and 
antinionic acids than usually found. The product, 
thus obtained, has been found more toxic than usual, 
probably due to the presence of more (luantities of 
antimonious and antinionic acids.' But, if urea is 
added to a mixture of pure stibanilic acid (15 g.) and 
pure i>-acetylaniinopheiiylstibinic acid (0*5 g.), 

suspended in water, and the mixture shaken for about 
30 minutes, a clear solution is obtained and the usual 
reaction takes place when the solution is heated at 
80® for about 2 hours, resulting ultimately in the 
formation of I'rea Stilxuiiine of practically standard 
quality. 

When this pure acetyl compound is treated at 
room temperature with excess of urea in i)resence of 
water, within a few minutes a clear solution is 
obtained in shaking. When this clear solution is 
heated at 70® or allowed to stay for some hours at 
room temi)erature, it tends to become viscous and 
when poured into large volume of alcohol, no con- 
densation product was, however, obtained. 

The above observations indicate that f-ucetyl- 
aminophenylstibinic acid forms a loose salt with 
urea, which is readily soluble in water. Although 
pure stibanilic acid, at room temperature, does not go 
into solution in water containing excess of urea, the 


presence of a slight trace of the acetyl compound 
facilitates the formation of a clear solulion. Because 
of the formation of this clear solution, stibanilic acid 
and urea are brought together within the si)here of 
reaction and the usual condensation readily takes 
place with the formation of the drug, Urea Stibamine. 
This role of /’-acetylaminopheiiylstibinic acid is rather 
lemarkable and the ease with which commercial 
stibanilic acid leads with urea is attributed to the 
presence of traces of the acetyl conqioiuid. 

S. Datta 

T. N. (liiosii 
A. X. Bosk 

Indian Rescarc'h Institute Lai )ora tore, 

Indian Research Institute Ltd., 

Calcutta, 22-1 0-11)15. 

^ Datta, Ghosh and Hosi*, SciKNCK wn Ci’iJi Riv, 11, 142, 
1945-46. 


SUBSTITUTED AMIDES OF D1PHENYLAM1N.4:4'. 

DISULPHONIC ACID 

Is the sulpha-series, conipoimds with two 
/>-sulphonamidoj)henyl nuclei linked through -NH- 
group have not been synthesised .so far. With a 
view to testing their bactericidal i)roi>erlies, a few 
such compounds have now been synthesised. 

Merz anil Weilh' as also riiudini and 
Werdenberg," prei)ared diphcnylainin-4 :4'-divSul- 
phonic acid and a fenv other derivatives. The di- 
sulpho-chloride and disulphonamides reported here 
have not been prepared before. 

The action of PClr, on diphenylamin-4 :4'- 
disulphonic acid yielded a dark pasty product which 
decomposed during puriUcatiou and also on standing. 
This unstable pix>duct has been jnoved to be the 
disuljdiochloride from its behaviour towards aniinonia 
and aromatic amines. On reacting the noii-purified 
disulphochloride (obtained after freeing it from 
POClg) with ammonia, aniline, o-, a/-, and /?- tolui- 
diiies, i)-, /a-, and />- xylidincs, o-, and />- anisidines 
and /’-aminophenol, the corresi)onding substituted 
disulphonamides tabulated below were olitaiued. All 
the.se compounds are easily soluble in alkali and 
insoluble in mineral acids. 


No. Conipoiiial m.p. 

I. NH(C..I-r,.SO,.NH,), ... ... ... 136-137'> 

II. Nll(CJL.vSO,.NH.CJI,), ... ... 1700 

III. NII(C,,lI,.S()...NH.C,TL,CIL-ortli<)) . ... 210° 

IV. NH (C..H,.vSt)“NTl.C,.IL.CH,-meta)/ ... 205° 

V. NH{C..H,.S().>lI.CdL.CH,-i)ara), ... 240° 

VI. NH(C„IL.SO;.NII.C..H,.(Cir,),-ortho) 230*^ 

VII. NH(C,IL.SOa.NlI.CcH3.(CH;),-iueUi); ... 
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Conipouiid in.p. 

NH(C«n..SO,.NH.CJIa.(Cn.,),-para)j5 220<" 

NH (C\H .-S( VNlI.C\H,.OCli,-t)rtlio)3 230^ 

NII(C,ir,-vS(),.Nir.C,H,.OCIT,-para), 140« 

NIl(C.IIrvSO...NH.C..H,.OH-para).J 180’^ 


Furlliur work includinfi; the i^reparation of 4 : 4'- 
disiilplionimiklodipheiiyl hydrazine is in proMress. 

R. T. Th.vmpi 
B. H. IyeIr 
P. C. Guiia 

OiT^aiiic Chemistry Laboratories, 

Indian Institute of Science, 

Bangalore, 23>ii-i945- 

‘ Merz and Weith, Scr., 5, 283, 1872 ; 6', 1513, 1873. 

* (iiicliin and Werdenbcrg, /. Aug., 12, 1053, 1899. 


NATURE OF THE ‘ACTIVE SUBSTANCE* PRESENT IN 
THE CONTACTILE TISSUES OF SOME OF THE 
HIGHER PLANTS 

The nature of the motility exhibited by many 
plant organs has been subject of a large number of 
investigations since the time of Darwin. Our know- 
ledge of the chemical basis of motility of the flagella 
in the unicellular alga Chlamydomonas cugamaios 
has been placed on a new basis by the important in- 
vestigations of Moewus^ ct al. These investigations 
have shown that the chemical substances responsible 
for motility, gametic union and sex determination in ^ 
this alga are intimately related to each other ; they all 
belong to the carotenoid group of compounds, and 
arc supposed to ])e derived from a parent substance 
termed protocrocin. Thus the motility depends upon 
the presence of crocin a digeiitiobiose compound of 
crocetiii, the active substances necessary for gametic 
union are the cis and irans dimethyl esters of 
crocetin. 'fhe sex determining substances called 
termones are replaceable by picrocrocin and safranal. 

Sir J. C. Bose made a series of extensive investi- 
gations on a number of higher plants with motile pul- 
vinated organs like Mimosa, Biophytum, Desniodium 
etc. In one of his last books ‘Motor ^lechaiiism in 
Plants* (i()2S) Bose discusses the i)ossible chemical 
basis for the motility of these plant organs. He found 
that the intensity of motor response i.e., the rate and 
extent of contraction of the pulvinus is dependent 
upon (0 the supply of oxygen to the plant, («) on 
the tonic condition of the plant and (Hi) 011 some 
si)ecific* ]iroperty of the motor organ which varies 
with the nature of the plant. He distinguishes 
between three types of pulvini as ‘Active*, ‘Semi- 
active* and ‘Inactive*. Mimosa pudica is representa- 
tive of the first Nepiuna of the second and Erythrina 
of the third. 


By using different methods of staining, Bose 
showed that it was possible to distinguish between 
the active cortical cells of the pulvinus from the in- 
active cells of the petiole ; while the former are 
stainable, the latter remain unstained. It was 
noticed by him that the density of distribution of the 
granular active substance in the cell protoplasm of the 
pulvinus varied with the rapidity of contraction of 
the pulvinus, being most dense in Mimosa pudica. 
Different microchemical tests applied to these pulvini 
showed that the activity of the modified protoplasm 
was due to the presence of a highly reactive and oxi- 
disable substance which is an uiisaturated carbon 
compound with double or triple bond combinations ; 
this substance is neither a fat nor a lipoid. 

In view of the results obtained by Moewus et. al. 
it appeared worth while to investigate whether the 
unsaturated carbon compound found in the active 
pulvinus by Bose belonged to the carotenoid group, 
which all contain conjugated double bonds. Mr Aiiiiya 
Adhikari was entrusted with repeating Bosc*s in- 
vestigations with different stains. Having confirmed 
the previous results, Adhikari employed Molisch*s 
carotene test“ (Test i) to locate the presence of 
carotenoid compounds in the active pulvini of the 
different plants investigated by Bose. Surprisingly 
large amounts of carotene crystals were found in the 
primary and .secondary pulvini of Mimosa pudica. It 
was also noticed that the density of distribution of 
carotene crystals in the active cells of the several 
plant pulvini followed roughly the same order of dis- 
tribution as found by Bose with his staining methods. 
These results were independently verified by Mr B. K. 
Palit one of the .senior workers of the Institute from 
the time when Prof. Molisch wiis a guest w'orkcr in 
the Institute (1928-29). Molisch’s Test I does not 
how'ever reveal the exact nature of these carotenoid 
compounds. B. Bancrji of the Biochemical Depart- 
ment undertook this portion of investigation. The 
method employed was that used by Willstatter and 
SlolP for the isolation of carotene and xanthophyll as 
subsidiary substances present wdth chlorophyll. The 
final crystalline products obtained w'cre examined 
under a microscope and found to be similar to tlic 
photographs of crocetin crystals given in Zechmeisler* 
monograph* (plate 59, a ^ d). 

At this time it was reported by B. K. Palit and 
other senior workers of the Institute that Prof. 
Molisch had tested sections of the active pulvini with 
sulphuric acid solutions of />-dimethyl amino benzal- 
dehyde (vSolution 2). The latter according to 
Molisch^ was a very sen.sitive test for the detection 
of the presence of Pholoroglucine, giving an intense 
red colour. Molisch found that all these active 
pulvini gave this characteristic red colour when 
treated wdth solution 2, from which he concluded that 
the unsaturated carbon compounds inferred by Bose 
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to be present in the motile pulvini to be Phloroglyko- 
tannoide i.e., compounds of phloroglucin with tannic 
acids. Molisch’s investigations with solution 2 were 
repeated by B. Bancrji and G. Bhattacharya. The 
latter noticed that besides the deep red coloration of 
pulvini sections as found by Molisch, an additional 
reaction took place viz., from the treated section of 
the pulvini an orange coloured liquid flowed out from 
which crystals .identical in colour and shape to crystals 
of trans crocelin dimethyl ester, isolated from Indian 
Saffron by Banerji, were observed. Korniation of 
similar crystals in sections of pulvini of 
M. Spegazzinni and Desmodhim gyrans were observed 
when treated in situ with solution 2. IdetUical crystals 
were also obtained when on a microscopic slide crocin 
isolated from Indian Saffron was treated with 
solution 2. On the other hand when the same 
solution 2 was added to glucose, succrose and other 
higher sugar molecules, the formation of orange 
yellow crystals was not observed. 

It appears that crocin or similar glycoside com- 
pounds of crocetin arc present in the motile plant 
pulvini and the following chemical reaction is res- 
ponsible for the appearance of orange yellow crystals 
viz., the two glycoside molectiles (similar to gentio- 
biosc) attached to crocetin in crocin like substances 
suffer acid hydrolysis when treated with solution 2, 
and are then replaced by two methyl groups from 
yj-dimethylaminobenzaldehyde molecule to form trans 
crocetin dimethyl ester which crystallise out from the 
reacting solutions. 



Fig. I. Micropbotogr.nplis of trans enu'etin diiuclliyl 
ester crystals (magnification 56) (.1) isolalc-d from saffron, 

(B) formed in vitro by action of solution 2 on crocin 
isolated from saffron and (C) fornictl in situ by addition 
of solution 2 to a section of pulviims of M. pudica. 
The faint appearance of the crystals in (C) is due to 
faulty e.xposure. 

In Fig. I, microphotographs of crystals, all orange 
yellow in colour and rhombic in shape are reproduced 
representing crystals of trans crocetin dimethyl ester, 
(A) isolated from vSaffron, (B) formed in vitro by the 
action of solution 2 on crocin isolated from Saffron 
and (O formed in situ by the addition of .solution 2 
to a section of piilvimis of M. pudica. 

Thus it is reasonable to infer, (/) that Molisch’s 
solution 2 is a suitable reagent for in situ detection 
in plant organs of crocin or similar glycoside com- 
pounds of crocetin and («) that such glycosides are 


present in the active pulvini of motile plants and they 
are probably identical with the unsaturated carbon 
compoimds detected in tlicm by vSir J. C. Bose and 
designated by bim as ‘active sul>stance*. The detec- 
tion of crocin or similar glycoside compounds in motile 
plant organs represent an important extension of the 
observation of Knlin and Moewus of the i)resence 
of similar compounds in several species of Chlaniy- 
domonas with nuitilc flagella. The presence of four 
glucose molecules in each molecule of crocin suggests 
that the latter is responsible for the supply of energy 
re(|uircd for mechanical work, by disinutalion of 
glucose molecules. It is not clear wliat is tlie role 
of the crocetin rest in this ]>roccss. Kuhn and 
Moewus, from a study of the ratio of occurrence of 
cis and trans crocetin dimethyl ester molecules in 
males and females in different siiccics of Chlaniydo- 
monas, which roughly follow the ratio of Bcrgmann- 
Nicmann numbers of the occurrence of amino acids 
in protein molecules viz., where ni, n can 

have values, o, i, 2, etc. have suggested the hypo- 
thesis that these crocetin compounds act as prosthetic 
groups which are attached to amino acids of certain 
enzymes. From this it may be inferred tliat pro- 
l)ably the glucose molecules in the substrate crocin 
during dismutatiou become attached to the corres- 
ponding enzyme through the crocetin rest molecule. 
It is known that the niaximiim phototropic effect 
occur in plants, with or without chloroidiyll, in the 
region of maximum light absorption by carotenoid 
compounds. 

B. Bankrji 

Cr. Bhattacharya 
D. M. Bo.SK 

Bose Institute, 

Calcutta, I-I2-IQ45. 

* Sonneborn, T. M., Sox liorinoncs in TTnirelhilar Organ- 

i.snis. Cold .Spring Harboitr Symp.. W. Ill, 1942. 
■Molisrb, TI., Microchemic dcr Pflanzc, p. 250, 1921. 

» ibid., p. 146. 

* Zochnicister, Z. Ilandbucli dcr Pflaii7ciiniialv-;e. edited bv 

G. Klein. Rd. Til, l»arl 2 : IT, p. 1278. 
ibid. 


A NEW CLASSICAL THEORY OF PHOTON AND 
ELECTRON 

(Preliminary Report) 

A little critical examination shows that the 
Kinstein equation associating a c|unntum of 

energy hr with every electro-magnetic waves of 
frequency v cannot be universally true, but must be 
regarded as an over-generalisation. Otherwise, the 
breadth <»f the siiectral hues* and the continuous 
spectra would make the energy of radiation of a 
finite mass of excited atoms infinite. 
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Startiii.i^ frojii the ^laxwell equations it can be 
shown that a linear photon which presents the 
Doppler Effect and is otherwise invariant against the 
Lorentz Transformation must have an equation of 
the form Ky = H-~A Sin k {x — ct)l(x — r/), the other 
electric and magnetic components being zero. We 
restrict these forces to act only on points on the 
v— -axis, the path of the photon. The volume in- 
tegral giving the Energy reduces to a line integral on 
the assumption of the existence of a limit and we 
get the Energy hv and the Impulse hv/c. 

Further it can be shown that the complete photon 

A vSin Kf/| = A/ Cos K|d.k, {$—x — cf) inav split 
0 

up into a photon of lesser energy A Sin K , and a 
partial photon A (Sin, Sin )/$ of energy 
h (I'-vj. 

In particular when K — Ki = 8k is small and $ not 
too large, the latter reduces to A 8K. Cos Kf which 
represents a train of simple harmonic waves of energy 
proportional to 8K. This marks a departure from 
the classical as well as the Quantum theory and gives 
a satisfactory picture of the fading awa>' of a beam 
of light. 

Again if the amplitude A SK is halved, the 
energy is also halved while the phase remains sensibly 
unaltered. This gives a comidetc picture of the 
l)rocess followed in producing Interference fringes 
by splitting up a beam into two portions, retarding 
one and making them come together again. The 
demands of physical optics are therefore satisfied. 

The particle characteristics of light are therefore 
due to the complete photon, while the wave character- 
istics are due to partial photons of small energy. 
The prescTit controversy about the wave and particle 
nature of light is therefore settled. 

Ah electron is conceived as a photon arranged in 
coils along the iiarallels of latitude on a sphere. The 
Maxwell e(|uations arc satisfied. This agrees with 
de llroglie’s theory and the Coulomb law follows as 
a matter of elementary geometry. We get a plausible 
figure for the electronic charge and the electronic 
radius is of order io“” against the classical figure of 
2XTo"’*’‘ based on the now discarded theory of mass 
of moving electric charges. 

The l>oi)pler EITect, longitudinal and transverse, 
gives the relativity variation of mass. 

The Bohr theory of atomic spectra is based on 
the Newtonian Potential which has not got the 
sanction of the Relativity Theory. On the present 
theory, the radiation of energy from the corpus of 
the electron itself seems generally to be more in 
accordance with the Relativity Theory. 

i6, Palm Avenue,Ballygunge, 

Calcutta, 3-12-1945. B. M. Sen 


APPLICATION OF X-RAY DIFFRACTION METHOD IN 
THE ANALYSIS OF AN ORE FROM RAJPUTANA 

X-RAY powder photographs has not been used 
extensively for the identification of, minerals, 
although it is a i)owerful metlnxl for ideplifying n 
mineral unambiguously in many cases where an ore 
is suspected to contain minerals of identical chemical 
compositions but having different crystalline struc- 
tures. Recently a small quantity .of an .Uranium 
containing ore from some unknown locality was 
given to us for analysis. From a thoroijgh chemical 
and spectrographic analysis it has been found that 
the ore contains a inner core of pitch blende having 
the sp. gr. 6.96 and hardness 5*5. In the outermost 
coating there is a lemon-yellow mineral which has 
been identified to be Uranophanc. The layer adja- 
cent to pitch blende is an orange-yellow mineral of 
5 64 ^'ud hardness 3. The partial composi- 
tion of this mineral has been reported in an earlier 
communication by Chalterjee and Sarkar,^ Gummilc 
is the first alteration product of pitch blende and 
urano])hane is the next stage. From the chemical 
analysis it was not possible to establish definitely 
whether this mineral was Gummite or Clarkite. To 
decide this point X-ray powder photograph of this 
orange-yellow mineral was taken. 

From a comparison of the spacings obtained and 
the corresponding estimated intensities with those of 
gummite and clarkite as determined by Ross, 
Henderson and Posjnak® it could easily be concluded 
that the mineral in (|uestioTi is gummite. The most 
conclusive evidence against the existence of clarkite 
in the sample is the absence of a very strong line 
having spacing 5*9 A.U. observed by Ross, 
Henderson and Posjnak. In the photograph of the 
present sample the presence of two strong lines of 
spacings 3*5 A.U. and 3’itS A.U. in agreement witli 
the observations on gummite by Ross, Ilendcrsoii 
and Posjnak is a iother particularly convincing reason 
for our conclusion. The intensities and spacings of 
the other lines observed in the X-ray diffraction 
photograph of the present sample agrees in gejieral 
within experimental error with those of gummite. 

Our thanks are due to Prof. K. Banerjec for 
providing facilities for the X-ray work in the labo- 
ratories of the Indian Association for the Cultivation 
of Science. 

P. B. Sarkar 
R. K. Sen 

University College of vScience and Technology, 

92, Upper Circular Road, Calcutta, and 
Indian Association for the 
Cultivation of Scietice, 

210, Bowbazar Street, Calcutta. 

* Chatter jee & Sarkar, SciSNCB and CtaxuRB, 9, 560, 1943-44. 

• Ross, Henderson and Posjnak, Amer, Minerologist, 16 , 

213, 1931. 
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J^ANOAUQftp,, the vuiiiie of the Session of diul the civil and iiiilitarv station, the latter beini' 

the Indian Science Coni;ress Association, is the administered hy the Hrilish Resilient in Mysore, 

principal city in the Mysore State and the Head- Situated at the centre of a table-land, about 

(inartcrs of the Coverninent of Mysore. Founded in feet above the sea level, and endowed with a saln- 

Ihc 17th century the \elahanka Chief, Kem|)e brioiis climate all the year roiiiid, Hanealore has 
Cowda, the area round the historical fort oi Han-a- attracted a lai>>e nnmber of settlers and develoi>ed 

lore formed the base of the present City of Ran.ealore. into a very important industrial and commercial 

It covers an area of nearly 25 sip miles and consists centre in the south. 

of two separate but adjacent imrts, the city proi)er Mysore State, with an area of ::c),4SS sip miles, 





C. Uangacharlu, C.LE., Deivan (1881-1883) 

into the Nilgiri Hills. The general elevation rises 
from about 2,000 feet above the sea level along the 
northern and southern frontiers to about 3,000 feet 
at the central watershed which separates the basin 



Dr. Sir M. Vfsvesvurava, K.C.I.R.. Dnvau (1012-18) 

of the Krishna in the north from that of the 
Cauvery in the south. The City of Mysore is the 


RajyaiiUtirandhara Sir K. Scsluuiri lycr, K.C.S.I., 
Dnvan (1883-1001) 

population of over seven millions, nearly three-fourths 
of which are employed on agriculture. 

During the past half a century and more, the 
Mysore State, under the guidance of her noble and 



Amin-uUMulk Sir Mirza M. Ismail, K.C.LK., O.H.F.., 
Dewan (1926-41) 

benign rulers and able and illustrious dewans, has 
made such rapid progress in administrative reforms, 
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cducjilioii, industry imd cuiumerc.e, and in i)rovidin3i» 
civic amenities and in rural uplift, that she has 
deservedly been styled as the “Model vSlate“ in 
India. The present ^laliaraja, His Hij^liiiess Sri 
Jayaehamaraja VV’adiyar Hahadur, r..C.v^.I. ascended 
the throne in 1940. 

AdMJN1STR.\T1()N 

llis Highness the ^Maharaja is the ultimate 
authority in the vState and the administration is con- 
ducted under his control by the dewan and the 
ministers. The High Court is the highest judicial 
tribunal in the State. There are two constitutional 
Houses: (1) The Representative Assembly and 

(z) the I^egislativc Council. The administration re- 
port for i 943-'14 records that the total receipts under 
various lieads of revenue reached the figure of 
Ks. 857’ 28 lakhs. Mysore’s all round progress is 
evident from the fact that “between 1939*40 and the 
budget year 1945-46, the expenditure on education 
has risen from Rs. 54 lakhs to Rs. 111 lakhs, on 
medical relief from Rs. 16 lakhs to Rs. 29 lakhs, 
on public health from Rs. 2 lakhs to Rs. 8 lakhs, 
on agriculture from Rs. 5 lakhs to Rs. S lakhs, on 
veterinary services from Rs. 4 lakhs to Rs. 8 lakhs, 
and on sericulture from Rs. i lakh to Rs. 4 lakhs.” 

My.sokk Univhrsity 

The Mysore University which is of the teaching 
and residential type was established in 1916. This 


is the first University to be founded in the Indian 
States. The University which is mainly Statc- 
.supported comprises the Central College, Kngineer- 
ing College* and Maliarani’s College for Women, at 
Bangalore, the Medical, Maharaja’s and Teachers’ 
Training Colleges at Mysore and a number of Inter- 
mediate Colleges. Within its ambit are included the 
medical and engineering schools at Bangalore. The 
University imparls education in all branches of arts 
and science leading both to graduate and post- 
graduate degrees. Within the University there is a 
vigorous school of research carrying investigations in 
the fields of chemistry, geology, physics and mathe- 
matics, as also botany and /.oology. 

The Sri Chamarajendra Technical Institute in 
Mysore and the Sri Krishnarajendra vSilver Jubilee 
Technological Institute and the Sri Jayachamrajeiidra 
Occupational Institute in Bangalore alTord facilities 
for training in technology and craftsmanship. 

A(iRICUl/nTUK IN Mysorh 

Out of the O'o million acres of land under culti- 
vation, ri mdlion acres are irrigateil by canals, 
tanks, wells and other sources. The Irwin Canal, 
the result of a major irrigation scheme, has enabled 
a vast area to be brought under cultivation. The 
Krishnarajasagar Dam in ^My.sore, which helps to 
conserve the water supply of the vStale, is 124 feet 
in height and is the third biggest dam in the world, 
after Sennar (Sudan) and Assuan (Itgypt) dams. Her 
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croi)S indiulc ragi, rice, cliolaiii and wheat ; coffee, pletioii of the Shiiiisa Project in ic)4o to generate 
sugarcane, cotton and tobacco ; gingelly, groundnut, 20,000 K.W. marks the second stage of liydro- 
cocoauut and castor ; pepper, ginger, turmeric and electric development in Mysore. The third definite 
arecaiiut. Mysore grows a variety of fruits and 

vegetables. . ■ . , , f” 


Vkticrinary and T,ivksT(x:k in Mysore 

The develoi>iiieiit of agriculture and animal 
husbandry has assumed such a great importance in 
tile State that the Veterinary and L,ivestock Sections 
which were so long under the Agricultural Depart- 
nicnt have been separated and idaced in charge of a 
Superintendent of Veterinary Services and Animal 
Husbandry. Serum Institute, ixmltry, sheep-breed- 
ing, bee-keeping, fisheries, dairying, etc., arc in 
eluded under this new Department. The Imjierial 
Dairy Institute hi Bangalore has already become a 
very important centre for dairy research in India. 



SIVASAMPDRAM Intake Work 


Kmcctricity in ^Mysore 

Mysore took the lead in the development of the 
hydro-electric resources in India. In 1902 the Siva- 
samiidram Power vStation was established with an 
initial production of 6000 K.W. With increasing 
demands for this new power, the vStation’s capacity 
was stepped up in stages to K.W. The coin- 


stage in this direction has been the inauguration of 
the Jog Scheme for harnessing the highest water fall 
(Jog P'alls) in the world with its drop of 830 feet, 
at Hersoppa, designed to generate 48,o(.)o K.W’. at 




the first stage, then 120,000 K.W. and iilliinatcly 
300,000 K.W. When the idans are coniiileled, 
Mysore will have 250—^00 units of electrical energy 
per capita of her population per year which may be 
compared to the figure of g for British India. Iwcii 
now the figure is about 60. 


Mining and MinKrai. rxi-j/htation in Mysork 

Minerals like gold, silver, iron, chromite, mag- 
nesite, niona/ite, ferrugious bauxite, soapstone, 
mica and manganevSe, corundum, porjihyry and fels- 
par occur in plenty. As early as 1880 gold mining 
was started in the Mysore State. The flold Fields 
at Kolar contain some of the deepest gold mines in 
the world, producing almost the entire output of 
the precious metal in India. Over 20 million ounces 
of gold, valued at over jii02 millions, have been pro- 
duced from the gold lields .since the coniiiieiicement 
of the mining operations to the end of 1043. The 
Mysore (k'ological Department which has just com- 
pleted fifty years of useful .service to the State has 
earned unstinted apiireciatioii from scientific circles 
and also helped to develop the mineral industries 
of the State. The Mysore Iron and Steel Works 
and the Cement Tdant at Bhadravati, the (loverti- 
nieiit Porcelain Factory at Bangalore, the Dichromate 
I'actory at Helagula and several other similar mineral 
industries in the State all owe their existence, direct- 
ly or indirectly, to the results of investigations con- 
ducted by this Department. 


INDUSTRIKS IN My.SoRE 

The industrial pidicy in Mysore was first adum- 
brated by the late Dewaii Ranga Charlu to the newly 
formed Repre.sentative Assembly in 1S81. He said: 

'‘The old idea that India inn si con fine itself to agricul- 
tural ])roduce is giving way to the more correct theory that 
no country c.an ])rosper unless its agricultural and niaiui- 
factnring industries were ecjually fo'.tcred. The ordinary 
routine of the administration of ihe Governnioiit is not the 
only subject which re(iuircs our notice. The deselopiiieiit 
of the various industries on which the jirosperity of the 
eouiilry is dependent equally demands our consideration 
and Ilis Highness* Government will he always prepared to 
give, every attention to any suggesti(»n which may lx* made 
upon the.se subjects.** 

The pursuit of the jirogressive industrial outlook 
has been accelerated by the availability of a variety 
of raw materials in ideiily within the Slate. There 
are factories for the manufacture of .soaps, sugar, 
cement and paper. vSandalwood oil industry is a 
speciality of the State. Another group of factories 
produces chemicals and fertilizers, drugs and medi- 
cines, bakelite articles and laccpierware, stoneware 
and porcelain goods, insulators, transformers, bat- 
teries, switchCvS and other electrical goods. There 


are now 605 large industrial estaldishmenls in the 
Stale, employing over 77,000 persons. 

It is another corner stone in the industrial 
expansion of Mysore that the (lovernineiit contem- 
plate to develop electro-chemical industries in the 
near future. 

The important factories in Bangalore arc the 
Ciovernniciit Soa]) P'actory, F.lectric Factory, Porce- 
lain Factory and Silk Factory ; the Mysore Lamp 
Works, (Bass Works, Amco Factory for Batteries, 
the Tndiistiial and Testing Laboratory, the Banga- 
lore Cotton and Woollen Mills, the ^iaharaja Mills, 
Mysore Vegetable ( )il ProdiU'ts Company and the 
Hindustan Air Craft VrxUny. It lias alsr) been 
decided to establisli a Radio Factory at Bangalore at 
an early dale. 



SOMANATlin'R — Om* of llic .Slfllati* Towors 


Some of the major factories in the otlier parts of 
llie vState are tlie Mysore vSngar Company and Dis- 
tillery at Mandya ; the Samlal Wood Oil Factory, 
the J^ac and Paint W^irks and the Krishnarajendra 
Mills at Mysore ; the Mysore Chemicals and Ferti- 
lizers and the Dichromate Factory at Belagula and 
the Iron Works, Cement Works and the Pai)er Mills 
at Bliadravati. Tlie Bhadravati Iron Works are the 
only works of their kind in the Fast and possess the 
biggest wood distillation plant in the British Empire. 
The Mysore Sandal Oil Factory is the biggest sandal 
oil maiiufacturing concern in the world. 

A Board of Scientitic and Industrial Research, 
with Sir J. C. Ohosh, Kt., D.vSe., F.N.I., as non- 
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official Chainuan, has been instituted in the State. 
The aims and o!)jects of this Board are to widen the 
sco])e of industrial research and investigations which 
are of vital importance to the State industries and to 
maintain close and effective liaison with the Board 
of Scientific and Industrial Research of the Govern- 
ment of India. Efforts are being made to establish 
a Central Research laboratory in the State. 


Indian Institute of Scienck 

The Indian Institute of Science, founded by the 
late Mr Jainsetji Nusservanji Tata, in co-operation 
with the Governments of India and Mysore, coin- 
inenced functioning in iqii with the four Depart- 
ments of (k^neral Chemistry, Organic Chemistry, 
Applied Chemistry and Electrical Technology. With 
the i)rogress of time the following additions have 
been made: Department of Bio-chemistry in 1921, 
Department of Radio Communication (attached to 
Department of Electrical Technology) in 1927, De- 


Plans for the establishment of a post-graduate Power 
Technology College are on the way. 

Up to 191Q-20 the annual income of the Insti- 
tute was ranging from Rs. 3 24 lakhs to Rs. 3'Sr 
lakhs and the expenditure from Rs. i'86 lakhs to 
Rs. 3‘4i lakhs. During the period 1919-1939, the 
average income and expenditure remained practically 
stationary at about Rs. 6 lakhs. From 1939, since 
Sir J. C. Ghosh took charge of the Institute as Direc- 
tor, there has been a steady increase in income and 
expenditure because of various schemes financed by 
the Council of vScientific and Industrial Research, 
Department of vSiii)ply, Department of Food, Impe- 
rial Council of Agricultural Research, Madras and 
My.sore Governments, being conducted at the Insti- 
tute and opening of new departments. The budget 
estimate of income and expenditure for 1945-46 
stands at Rs. 19*11 lakhs and Rs. 22*31 lakhs res- 
pectively. 

Though the Institute is an all India body, it has 
played an important role in the renaissance of the 
Industrial Mysore. The genesis of a number of 



INDIAN INvSTITTTR OV SCTP:NCK 


partincnt of Physics in 1933, vSections of Pharmaco- 
logy, Chemical b!ngineering and Fermentation Tech- 
nology in 1940, 1941 and 1942 respectively, and the 
Department of Aeronautical Engineering in 1942. 
The Departments of Metallurgy and Internal Com- 
bustion Engineering have been added this year, to 
which students will be admitted from July 1946. 


important industries in the State may be traced to 
the ])rcliminary investigations carried out in the 
laboratories of the Institute. 

In addition to the considerable amount of impor- 
tant contributions to pure research, much attention 
has been paid in recent years to industrial research. 
Some of the recent achievements in industrial research 





have been : — (i) manufacture of formaldehyde from 
methyl alcohol ; (2) manufacture of nitrobenzene, 
aniline and dimcthylaiiiline ; (3) nianufaclure of 
phosphorus from i^hosphalic iiodulCvS of Tricliino- 
poly ; (4) purification of graphite ores and prepara- 
tion of graphite lubricants ; (5) manufacture of com- 
pressed yeast ; (6) utilization of iron pyrites ; 

(7) manufacture of titanium oxide from ilmenitc ; 

(8) production of penicillin ; (9) mamifaclurc of var- 
nishes and enamels from cashew shell oil and castor 
oil ; (10) manufacture of rul)ber-lined c(iuipment for 
chemical industries ; (11) manufacture of vitamin 1> ; 
and (12) production of pre-digested food. 

In aid of war effort, a very large aiiinunt of work 
was carried out in the Institute on behalf of the Army 
authorities and the (Government. A few of the impor- 
tant contributions are mentioned here: (i) On a 
request by the An Headquarters, a faclorv \vas put 
up within the premises of the Institute for the !naTiu- 
facture of hydrogen gas on a large scale. The equip- 
ment was designed and fabricated by the technical 
staff of the Institute. (2) Pilot plant experiments 
have been carried out on processes for the manufac- 
ture of potassium-chlorate, urea and white phospho- 
rus as also of malt and vitamin I). {3) l,arge quan- 
tities of rennet powder, depolymerizcd shellac, carbon 
composition resistors and vitreous enamelled resis- 
tors, 2000 lbs. of the dye-^-nitrophcnyl-azo-beta- 
naphthylamine, and over a million ampoules of 
jntuitary extract were manufactured and supplied. 


(4) A scheme of repairs, tests and calibration of elec- 
trical and radio instruments as well as construction 
and repairs of mechanical appliances were undertaken 
for the R. A. and other lighting services. 


COXCLUSKJN 

Otlier attractions of the vSlate are the Dasara 
hVstivitics at Mysore, the Jlrindavan (birdens, the 
Khedda ( Ipcrations and the several places of religious 
and historical importance. 

vSuch a short note can only be very sketchy. 
Therefore, it is tlmught lit to conclude with two 
t|uotali»)ns which would speak for themselves about 
this “Land of (Gold, Sandal W’ood and vSilk**. 

A speaker at a Mysore Dinner in London said : 

“The vSlale is Ihero, open as a Ixjok, that he who runs 
may read. And he who walks may rejul I)elter than he who 
runs, and lie who rests a while by the way-side will lind 
that it profits him b)th in hfxly and soul. .Vnd he who 
comes to settle among ns can verify the truth of the state- 
ment made by a h'rench historian ns long ago as the year 
1800 that ‘the plains of Mysore atlord the most beautiful 
habitation that nature has to offer to mankind upon the 
carth’.“ 

Knapii^s Annual of the liast, 193S, London, 
records : 

“The progress of Mysore should be ai’ eye-opener not 
only to the other Slates but also to British Provinces, and 
My.sore should be a place of pilgrimage for all wh«) wish 
to study and learn.” 



SHORT LIFE SKETCHES 

OF THE 

General President and Sectional Presidents 


MOHAMMAD AFZAL HUSAIN 

General President 

Prof. M. Afzal Husain was born in 1889 at 
Palala in the Punjab. He had his education at the 
Government Colle;«e, Lahore, and .lAradiiated in 
Science (with Honours in Zo«)loov) frou] tile Univer- 



vsity of the Punjab in igii and passed the Master of 
Science examination from the same University in 
Zoology in 1913. He was a prizeman of his^Colle^;e 
(i()U and 1913) and an Alfred Patiala Kesearch 
vStudeiit of the University (1911-12). He went to 
the University of CambridKe for further studies and 
joined tlie Christ’s College -where his older brother, 
Sir hazl-i-Husain had beeir a vScliolar previously. 
Prof. Afzal Husain took both parts of Natural 
Science Tripos. For Part I he took up Hotany, 
Physioloj^y and Zoology and he obtained I'irst Class 
Honours in Part 1 1 of the Tri|)os in Zoology. Prof. 
Afzal Husain was a prizeman, Foundation Scholar 
and Bachelor vScholar of the Christ’s College (1914- 
igiO). He was awarded the h'rank vSmart Prize for 
Zoology by the University of Cambridge for being' 
the best student of the year in this subject in 1916. 


For his original research work the Christ’s College 
awardetl him the Charles Darwin Prize. 

For almost three years Prof. Afzal Husain con- 
ducted original investigations in Zoology and Knto- 
inology at the University of Cambridge ; the Natural 
History Museum, vSouth Kensington, London ; the 
Imperial College of vScience, London ; and the Vic- 
toria University, Manchester. For his research work 
he received scholarships from his College and grants 
from the Royal v^ociety, London, the Balfour Ue- 
.search Fund of the University of Cambridge and a 
special grant from the Secretary of v^tate for India. 
These scholarships and grants ‘were fitting recogni- 
tion of his capacities as a research worker. 

For sometime I'rof. Afzal Husain worked as one 
of the Demonstrators in Ihe school of Zot)logy in 
the University of Camliridge. 

Prof. Afzal Husain was selected In’ the Secre- 
tary of vState for India for the post of Kntoniologist 
(Imperial Agricultural Service) at the rmperial Agri- 
cultural Research Institute, Pusa, ami he joined that 
post in January, 1919. In September of the same 
year he was aiipointed Kntoniologist to the Govern- 
iiiciit of the Punjab and Professor of Zoology and 
Kntomology at the Punjab Agricultural College, 
Lyallpur. 

For a year and a half (1923-26) Prof. Afzal 
Husain acted as the Imperial Kiitomologi.st at the 
Imperial Agricultural Re.search Institute, Pusa. As 
Locust Research Kntoniologist to the Ini])erial Coun- 
cil of Agricultural Research (1930-33) he initiated 
res^Mi’ch on the Locust problem and laid the founda- 
tions of the Locust control which has achieved such 
remarkable success during recent years. 

From March 1933 Prof. Afzal Husain was 
appointed Principal of the Punjab Agricultural Col- 
lege, Lyalli)ur and this post he held till October, 
1938. 

Prof. Afzal Husain was the first Kntomologi.st 
to the Government of the Punjab and due to his 
efforts the Kntomological vSection of the Institute 
holds the uiii(|ue position of being the largest Ento- 
iiiological Section in India. Prof. Afzal Husain was 
appointed Principal of the Punjab Agricultural Col- 
lege at a time when, on account of agricultural slump, 


the College was at a very low ebb, but he raised it 
to a very hii^h level of efliciency and strength, and 
ill course of time, it became one of the best Agricul- 
tural Colleges and Research Institutes in the country. 

In the University of the Punjab Prof. Afzal 

Husain was noniiiiatcd a Fellow quite early in his 

career, and served on the Faculties of vScicnce and 
Agriciillurc. He was a Dean of the Faculty of 
Agriculture and a Member of the vSyndicate for 
many years. He was appointed Vice-Chancellor of 
the Punjab University in iq.^S and held that post for 
three terms. 

In the University of the Punjab, Prof. Afzal 

Husain was responsible for starting the Departments 

of IMusic and Arts for the women students, and De- 
partments of Statistics and Journalism. He also 
initiated proposals for creating the Departments of 
Geography and Pharmacy and inclusion of Sociology 
as a subject for the degree examination. On his re- 
commendation, the University established a Research 
Studentship. As Vice-Chancellor Prof. Afzal Husain 
carried out numerous reforms in the adniinislralioii 
and organization of the University of the Punjab. 

Prof. Afzal Husain has been responsible for 
valualile educational and re.scarch w'ork in Fiitomo- 
logy. Many of his pupils arc today holding appoint- 
ments of respon.sibility in Kntomology in Indian 
Universities and Research Institutes. His investiga- 
lions ill Fiitoniology cover a wide field, v^^irticularly 
with reference to the desert locust, pests of cotton, 
sugarcane and fruit trees. He is the author of 
numerous papers on these subjects. 

Prof. Afzal Husain is a Foundation Fellow of 
the National Institute of vScicnces in India and a 
Meinbcr of the Council of the Institute. He is also 
a Fellow of the National Academy of Sciences, 
India. He i)rcsuled over the Agricultural vSectiou 
of the Indian vScicnce Congress in 1033 and the 
Kntomological vSection of the Indian vSvMeiice Congress 
during the Jubilee year in 103S. 

He represented the Universities on the Central 
Advisory Board of Kdueatioii and represents the 
Universities on the Advisory Board of the Imp..*.ial 
Council of Agricnltiiral Research. In 194.^-44 
was the President of the Philosophical Society, 
I^ahore and he is responsible for founding the Ento- 
mological Society of India. 

Prof. Afzal Husain was a delegate for Iiulia to 
the International I^ocust Conference at Egypt in iQ 35 - 
He also represented India on the Permanent Agri- 
cultural Committee of the International Uaboiir 
Office at Geneva in 1938, w'hen he visited important 
scientific instilntions al C'eneva, Paris, Brussels, 
Berlin, Munich, Vicuna and lindapest. In k )44 
was sent by the Government of India as a delegate 
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to Agricultural Conference of the Middle East 
countries. 

The Punjab Government have placed on record 
their appreciation of the “consistently praiseworthy 
and outstandingly good work*’ rendered by Prof. 
Afzal Husain in the Department of Agriculture. 

When he relinqui.shed the office of the Vice- 
Chancellor, Punjab Ihiivcrsity, in 1944, ke was in- 
vited by the Goveriiineut of Bengal to ailvi.se them 
on the reorganization of their Department of Agri- 
culture. 

From July 1944 to August 1945 ke was a Mem- 
ber of the P'aminc IiKpiiry Commission, 

He is a member of the Indian National War 
Memorial Committee and was a member of the dele- 
gation of this Committee that visited Military 
academics in U. S. A., Canada and U. K. during 
()cU)her-NovL‘iiiber, 1945. 

Prof. Afzal Husain has been elected the General 
President of the Indian Science Congress for 1946. 
This is the highest appreciation which scientists in 
India can confer on a student of science. 

RAM BEI IARI 

President, Section 0/ Mathematics 

Born at Delhi in 1897, Dr Ram Behari had his 
early edncalioii at St. vStepheii’s School and St. 
Stephen’s College, Dellii. He had a brilliant school 



and college career at Delhi culminating in a First 
Class fir.st M.A. in Applied Mathematics, from the 
Punjab University in 1919. He then took the M.A, 
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degree in Pure Mathematics in 1920, from Govern- 
ment College, T.ahore, standing first again and was 
ininiediatcly appointed by vSl. vStcplien’s College on 
its matheniatics staff. In 1925 lie' was awarded the 
Central vSlate Scholarship by the Oovernnient of 
India for higher study abroad and pnx^ceded to 
Cambridge where he joined Sidney Sussex College, 
lie took the Mathematical Trii)os, Part 11 of Cam- 
bridge University in 1927. hater, he proceeded to 
Dublin where he worked at Trinity College, under 
the guidance of Prof. Rowe, and obtained the Ph.D., 
degree from the University of Dublin in 1932 for his 
thesis on ‘The Differential (icometry of Ruled Sur- 
faces*. lie studied for sometime at the University 
of vSorbonne in Paris. In 1943, he was awarded the 
V. P. Education Miiiistcr*s Gold Medal by the 
National Academy of Sciences, India, for his group 
of papers on the Differential Geometry of Ruled Sur- 
faces which were assessed as the best papers in 
Mathematics, published in the Proceedings of the 
Academy during the previous five years. In 1945, the 
UiiivcTsity of Dublin conferred on him the 8c. D. 
degree in recognition of his research work. Tie is 
the first Indian Mathematician to receive this dis- 
tinction. 

Dr Ram Rehari is a Fellow of the National Insti- 
tute of Sciences of India, the Indian Academy of 
Sciences, and the National Academy of Sciences, 
India, and is a nicuiber of many mathematical so- 
cieties. He was vSecretary of the Indian Mathemati- 
cal Society for seven years (1936-1943) and conduct- 
ed the affairs of the Society in an extremely able 
and efficient manner. He is connected with most of 
the Indian Universities and other learned institu- 
tions in .some capacity or other. At several Univer- 
sity Centres he has delivered extension lectures. Ilis 
lectures delivered at Lucknow University are under 
publication by the University in the form of a mono- 
graph. Tie has imblishcd a large number of original 
research papers in Indian and foreign journals which 
have been widely reviewed in appreciative terms, 
and is the author of several text-books. He is now 
the Head of the Department of ^Mathematics in the 
Ihiivcrsity of Delhi with which he has been closely 
associated in various capacities since its very incep- 
tion. 

K. B. MADHAVA 

President^ Section of Statistics 

The late Dr Sir Brajendra Nath Seal, former 
Vice-C]iancellor of Mysore University, inaugurated 
as long ago as 19.24, an independent chair for 
Mathematical Economics and Statistics, the first, and 
probably the only .such, chair in any Indian 
University and selected as its fir.st (and present) 
profe.ssor, K. B. Madhava. Prof. !Madhava is also 


the first i)rcsideiit of the new section of Statistics of 
the Indian Science Congress. Born in 1895, ^^^d 
graduating with Honours in 1916, he had worked 
in the research department of Madras University 




(1916-1917), as Lecturer in Mathematics in Madras 
Christian College (1917-191(8) and as Assistant Pro- 
fessor of Mathematics, Central College, Bangalore 
(1918-1924). His publications, commtmciiig from 
1916, cover a wide range of subjects of pure Mathe- 
matics, Economic Theory, api)lication of statistical 
methods to nutrition, school health, biometry, acturial 
science, poj)ulation and admiiiislralioii. He is a 
member of several learnexl societies including the 
coveted International In.stitute of vStatistics, Ectnio- 
nietric vSociety and the National Institute of vScience^ 
of India, of the last of which he is also a member 
of council. Ill 1944 his services were borrowed 
from My.sorc by the Government of India, first as 
member of the Population Data Committee and later 
for special investigation on the economics and statis- 
tics of road development in India, the analytical 
work of both of which are based at the Indian Statis- 
tical Institute, Calcutta. As Associate of the Insti- 
tute of Actuaries (1923) he is one of the oldest 
Consulting Actuaries in India commanding extensive 
practice. 

B. C. GUHA 

President, Section of Chemistry 

Dr B. C. Guha was born in 1904, had his early 
eilucation in Bengal and is an alumnus of Calcutta 
University. He took his B.Sc. and M.vSe. degrees 
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ill Chemistry slaiuling first in First Class in both 
cxainiiiatioiis and carried ont research for the M.Sc. 
degree under the late Sir P. C. Ray. He proceeded 
to England in and carried out l)iocheniical re- 

searches with particular reference lo vilainins in the 



laboratories of Prof, (now Sir) Jack Druimnond, 
University College, Uondoii, and of vSir Cowlaiid 
Hopkins of Cambridge University. He took his Ph.D. 
and n.vSc. degrees of London University and also 
visited a number of continental labtnatories. 

Dr Guha was appointed Sir Rash lieliary Chose 
Professor of Ai)plicd Chemistry in iQ.ib* ^ 1 ^ went 
oil a scientific tour in Europe and America with a 
(ihosc Travelling Fellowship in He was a 

delegate of the Indian Science Congress Association 
to the meeting of the British AsvSociatioii for the 
Advancement of Science at Cambridge in 
attended the International Physiological Congress 
at Zurich in the .same year as a representative of 
Calcutta University. 

Since July 1944, Dr Ouha’s services were tem- 
])orarily lent by Calcutta University as the Chief 
Technical Adviser to the Food Department, Central 
Oovernment, at the request of the Government of 
India. He has been concerned with the recent de- 
velopnieiit of food-processing industries in India. 
He \va§ lately in the U. K. and the U. S. A. in ordei 
to look into the progress in food-technology in these 
countries. 

Dr Guha is well-know’u in the biochemical world 
for his researches in varied fields of biochemistry and 
particularly in the field of food and nutrition. He is an 
advocate of the synthesis between pure and applied 
research and has tried to promote the application of 


modern knowledge of nutrition to the problem of 
feeding the peoj)le of India who arc perhaps at the 
lowest nutritional level among all the nations of tlie 
world. Dr (»nha is :isst>ciatcd with many seieiilitie 
and cultural bodies in India and is a powerful ex- 
ponent for the api)lieation of science and technoh)gy 
for social pn)gress. 

R. E. MORTIMER WHEELER 

President, Section of Anthropology 
and Archaeology 

Dr k. li. Mcntimer Wheeler was educated at the 
UniverMly of London wherefrom he obtained his 
M.A. and D.Litt. degrees. The Honorary D.JJtt. 
of Bristol University was also conferred iii>oii liim. 
He was Fellow of the British Academy and Fellow' 
(lately Director) of the Society of Aiititpiaries of 
Loudon (Gold Medallist, 1944). Dr Wheeler served 
in various important capacities. He was Member of 
the Royal Commission on Historical Monuinents 
(Fngland), formerly Director of the National Museum 
of Wales, Dircv'lor of the London Museuin, Lecturer 
in Archaeology in the University of Wales, Lecturer 
in Archaeology in the University of London, Hono- 
rary Director of the London University Institute of 
Archaeology, and Member of the Ancient Monu- 
ments Boards for lingland and Wales. At present he 
is Director General of Archaeology in India. 

He has carried out archaeological excavations in 
J{ngland, Wales, France and India. Dr Wheeler has 
an admirable record of War service. In 1914-18, he 
served in the Royal Artillery on the Western Front, 
in Italy and in Germany ; became Major in 1917, re- 
ceived ^Military Cross, and was mentioned in the des- 
patches. In 1939-4.^, he served in the Royal Artillery 
in the Battle of Britain, North Africa and Italy and, 
as a Brigadier, comnianded a brigade in the 8th 
Army and the 5lh Army. He took part in the battle 
of El Alaiiiein, the Tripoli-Tiinis campaign, and the 
landing at vSalerno. 

K. N. BAGCHl 

President, Section of Medical and 
Veterinary Sciences 

Born on tbe 27tli December, 1SS8, at vSainriddlii, 
ill the Snb-di vision of Chiiadanga (district Nadia), 
where his father the late Dr K. P. Bagchi was a 
well-known medical practitioner with extensive prac- 
tice, Rai Bahadur K. N. Bagchi was educated in 
the Cbuadanga Victoria Jubilee High School and 
passed the Entrance I{xaniination in 1905. After 
passing his B.vSe. (Hons.) from the Presidency 
College in 1909, he joined the Calcutta Medical 
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College where lie was a scholar anil look his M.B. 
degree in 1915. He was then ajipointcd to the 
newly created post of Chemical Analyst to the Gov- 
ernment of llihar and Orissa at Patna, and was 
xleputed to undergo a course of training for one year 
under the late Dr Chunilal Bose, the Chemical 



Kxamincr to the Government of Bengal, Calcutta. 
While under training he was very much impressed 
with Dr Bose’s regular and studious habits, thirst 
for knowledge and zeal for research and tried to 
imbibe these qualities as much as he could. While 
at Patna he was responsible for building a new che- 
mical and bacteriological laboratory which is one 
of the finest public health laboratories in India. 
When the Prince of Wales Medical College was 
established at Patna, he was appointed Decturer and 
Head of the Department of Chemistry in addition 
to his own duties as Chemical Analyst to Govern- 
ment and Public Analyst, and was elected a Fellow 
of the Patna University from among the College 
Teachers, liarly in 1930, he vSailed for the U. K. 
on study leave for higher studies in Chemistry of 
Food and Drugs under Mr Chaston Chapman, F.R.S., 
of London, and in September 1931 passed the exa- 
mination of F.T.C. (now called as F.R.I.C.) in 
Branch E (chemistry of food, drugs, water, etc.). 
He is the first Indian and only Bengalee to obtain 
this diploma which is considered as a hall-mark in 
analytical chemistry. He also passed the examina- 
tion in Industrial Bacteriology from the Chelsea 
Polytechnic, London, and was awarded the Poly- 
technic Prize for securing the first place among the 


successful candidates. He joined the University of 
Berlin in the same year for a course of training in 
Toxicology in the Pharmacological Institute. He re- 
turned to India in January 1932 after an extensive 
tour all over Ivuropc. 

Hi 1935, he was appointed Chemical E^xaminer 
to the Government of Bengal and he returned to his 
old laboratory where he got his training just 20 years 
before and subsequently became the Proofessor of 
Chemistry in the Medical College and Chief Bio- 
chemist of the Medical College Hospitals. lie has 
contributed numerous original papers in various 
scientific journals in India and abroad and was elect- 
ed a Fellow of the National Institule of Sciences 
of India 111.1940. He was President of the Institu- 
tion of Chemists (India) for 1031) and 1940 and of the 
Second All India Pharmaceutical Conference held at 
Baroda in 1942. He is connected with almost all the 
learned Societies of India and has been taking keen 
interest in the Indian vScieiiee Congress Association 
as its member for the last 20 years. 

P. DE 

President, Section of Physiology 

Born at Jagannathi)ur in the district of Nadia 
(Bengal), on the 2Sth of October, 1893, Premankur 
De, received his early education at the Kcsliab 



Academy, the City vSehool and the City College, 
Calcutta. He then joined the Medical College, 
Calcutta and obtained the M.B. degree of the Calcutta 
University in 1917, securing scholarships every year. 
Soon after graduation he entered the Bengal Medical 
Service (Upper) and during World War I he joined 
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the Indian Medical vService in i()i8 and retired as a 
Captain in 1921. On his reversion to the civil, he 
was appointed as the Assistant Professor of Pharma- 
cology at the Calcutta vSehool of Trojiical JMedicine 
in 1921 under Sir Ram Nath Chopra (then Major 
Chopra) and worked there for over ten years. Here 
Professor De distinguished himself as a keen scientist, 
an experimental worker of Iiigh order and a cai)able 
teacher. He carried out important researches on 
Indian Indigenous Drugs, such as, lioerhaavia diffusa 
(Punarnava), emetine, Saussurca lappa (Kuth root), 
digitalis, ergot, Sida cordifolia (Brela), Moringa 
pierygospertna, etc., and on biological assay of 
drugs in collaboration with vSir Rani Nath Chopra. 
On the merit of his work on Indian IiidigeiKJUS Drugs 
Prof. Dc received Dr Chandra Scholarship for three 
years from 1923-2(1. While working at the vSehool 
of Tropical Metlicine he prepared himself for the 
H.vSe. examination of the Calcutta University and 
passed with Distinction in H)2.s. In recognition of 
his excellent researches he was awarded Sir Rash- 
behari ('diosli Travelling Pelknvship of the Calcutta 
University in 1926-27 for studying improved methods 
in experimental technique of Physiology and Pharma- 
cology in the- United Kingdom. He was also granted 
study leave by the Government of Bengal. These 
enabled him to visit dilTerent Universities in the 
United Kingdom, where he stayed f<n* over a year 
and a half. At Cambridge, Prof. De carried out 
important investigations with the late Prof. W. K. 
Dixon, l‘\R.vS., involving complicated experimental 
technique on Scillaren, a glucoside from scilla and 
on the action of some derivatives of quinine with 
.special reference to local anaesthesia and pulmonary 
oedema and published the results of the latter inves- 
tigation in collaboration with the late Prof. Dixon. 
While at Kdinburgh, he worked with the late Prof. 
A. J. Clark, P'.R.vS. and Dr Chalmers Watson, >Senior 
Physician of the Royal Infirmary, and carried out 
interesting researches of great importance on the 
rale of action of drugs and ions on frog’s licart and 
on unrecognized toxic substances in human faeces. 
The latter work was published in collaboration with 
Dr Watson. Prof. Dc helped in the teaching work 
of the Department of Pharmacology of the University 
of Pklinburgh and assisted at the advanced course in 
Practical Pharmacology in the summer term there in 
1927. He passed the M.R.C.P. of PMinburgh Uni- 
versity in T928. Gil his return from abroad he re- 
joined the Calcutta School of Tropical Medicine and 
twice officiated (1930 and 1931) as Professor of Phar- 
macology of that institution during the absence of 
Ul.-Col. R. N. Chojira. 

In 1932 Prof. De was selected as the Professor 
of Phy.siology including Biochemistry at the Medical 
College, Calcutta, in which capacity he has since 
then been w’orking. Here he started investigation 


on phy.siological and biochemical |>roblems ami has 
lately been working on problems of hyperglycaemia. 
His findings in this subject are of great im])ortance. 
He is the author of tweiih -eight original papers, 
published both in India and abroad. 

lie has been elected a Fellow' of the Royal College 
of Plu'sicians of Kdinliurgh in 1938 and a PVllow’ of 
the National Institute of Sciences of India in 1943. 
He was a member of the Comiiiiltees of e.xperts 
appointed by the Government for the establishment 
of a College of Pharmacy in Calcutta and of a 
Medical College at Dacca. 

P. H. KUTAR 

President, Section of Engineering and Metallurgy 

Mr P. H. K\itar graduated from the Bombay 
Univeisity, taking hi^ H.A. in njig and B.Sc. in 
1920 with first class honours in I hysics and Chemistry, 
lie was appointed a fellow of the Wilson Ctdlege 
and was for some time a lecturer in Physics in that 
institution. In 1921, he obtained scholarships from 
the Gimi Trust and the Patel Trust for higher studies 
in the United States and joined the Pittsburgh 



University. After receiving his degree in Metallurgi- 
cal PUigineering he got his M.vS. degree in Metallurgy 
for which he submitted a thesis on '‘Physical ino- 
perties and micro-structures of vSleel Wires of 
different compositions”. This investigation was 
carried out under the auspices of the Pittsburgh Tool 
Steel Wire Co. Later on he worked with Dr S. L. 
Goodale on Non-mctallic Inclusions in Iron and 


Steel ami made an exlianslive i n vest j*! at ion of existing 
inetallograpliit' knn\vled.ee on the suhjeet. In IQ25, 
he joined the Tata Iron Steel 0 ». as a Metallurgical 
Investigator in the Rolling Mills. He was the lirsl 
Indian Sliift h'oreinan to he ai>i)oiiited in the Rolling 
Mills. Mr Kutar then earned one promotion after 
another and became successively Assistant vSuperin- 
teiident of the Rf)lling Mills h'ast in 1030 ; Superin- 
teiideJit of these Mills in 1033, Assistant fieiieral 
Superintendent (Mills) in 1037, Assistant (k-neral 
Snperinteiident (('.eiieral) in ic)io and Oeiieral 


Superintendent in 1941. Mr Kntar was the Vice- 
President of the Mining, (leological and Metallur- 
gical Institute of India duritig 1942-4.^. 

Outside his technical field, Mr Kiitar is a mail 
of varied human interests. lie is keenly interested 
in classical Indian music. He was the President of 
the Allahabad University Music Conference in 1941, 
the guest of honour at the All- Bengal Music Con- 
ference in 1943-44 and the guest-in-chief at the All- 
India Music Conference in 1945. He was elected the 
President of the Bihar Cricket Association in 1945. 


fWc owe our renders an apology for oiir inability to i)ublish the prcsidenlial address 
and photographs and life sketches of some of the sectional Presidents, which unforlnnately did 
not ri*ach us when we went to tne press . Science and Ctilliire.'] 
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By 

P. B. Sarkar, D.Sc. 
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vi+578 Pages Cloth Bound Ri. 6/8. 

** an up-to-date lext-lj'>ok wliicii satisfies 

the needs of our B.Sc. students. The pn^iciitatioii is 
clear, lucid and interesting with t nough equations 

and structural formulae ” 

K. I. Kuuivxn, 

Professor of Chemhliy, 
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INTERMEDIATE 
PRACTICAL CHEMISTRY 

By 

P. B. Sarkar, D.Sc. 
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“The long-felt need for the student of the Inter- 
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